BOC -'

Study Guide
5th ed1t10n

Clinical Laboratory
Certification Examinations

Oversight Editors

Patricia A. Tanabe, MPA, MLS(ASCP)CM l

Director, Examination Activities

!
E. Blair Holladay, PhD, SCT(ASCP)M

Vice President for Scientific Actwltles ASCP
Executive Director, Board of Certification

and the ASCP Board of Certification Staff

% American Sociery for
Clinical Pathology

Baard of € crrificanon




Publishing Team
Erik N Tanck & Tae W Moen (design/production)
Joshua Weikersheimer (publishing direction)

Notice

Trade names for equipment and supplies described are included as suggestions only. In no way does their
inclusion constitute an endorsement of preference by the Author or the ASCP. The Author and ASCP urge
all readers to read and follow all manufacturers’ instructions and package insert warnings concerning
the proper and safe use of products. The American Society for Clinical Pathology, having exercised
appropriate and reasonable effort to research material current as of publication date, does not assume
any liability for any loss or damage caused by errors and omissions in this publication. Readers must
assume responsibility for compiete and thorough research of any hazardous conditions they encounter,
as this publication is not intended to be all-inclusive, and recommendations and regulations change
over time.

American Society for
Clinical Pachology

Press

Copyright © 2009 by the American Society for Clinical Pathology. All rights reserved. No part
of this publication may be reproduced, stored in a retrieval system, or transmitted in any form
or by any means, electronic, mechanical, photocopying, recording, or otherwise, without prior
written permission of the publisher.

Printed in Hong Kong
1413121110

il The Board of Certification Study Guide



Table of Contents

vi
vii
ix

xi

1B

17
24
42

53
55
59
62
69

75

75
78
81
85

a5

99

104
107
113
115
117
121

129
129

Acknowledgments
Preface

The Importance of Certification, CMP,

Licensure and Qualification
Preparing for and Taking the BOC
Certification Examination

lood Bank
Questions

Blood Products

Blood Group Systems
Physiology and Pathophysiology
Serology

Transfusion Practice
Answers

Blood Products

Blood Group Systems
Physiology and Pathophysiology
Serology

Transfusion Practice

Chemistry
Questions

Carbohydrates

Acid-Base Balance

Electrolytes

Proteins and Other Nitrogen-
Containing Compounds

Heme Derivatives

Enzymes

Lipids and Lipoproteins

Endocrinology and Tumor Markers

TDM and Toxicology

Quality Assessment

Laboratory Mathematics

Instrumentation
Answers

Carbohydrates
Acid-Base Balance

130
130

132
133
136
137
139
140
141
142

145

145
149
155

166
168
178

187
189
191
194
202

211
211
213

215
216
219

220
221
222

Electrolytes

Proteins and Other Nitrogen-
Containing Compounds

Heme Derivatives

Enzymes

Lipids and Lipoproteins
Endocrinology and Tumor Markers
TDM and Texicology

Quality Assessment

Laboratory Mathematics

Instrumentation

Hematology
Questions

Erythrocytes: Physiology
Erythrocytes: Disease States

Erythrocytes: Laboratory
Determinations

Leukocytes: Physiology
Leukocytes: Disease States

Leukocytes: Laboratory
Determinations

Platelets: Physiology

Platelets: Disease States

Platelets: Laboratory Determinations
Hemostasis

Hematology Laboratory Operations
Answers

Erythrocytes: Physiology
Erythrocytes: Disease States

Erythrocytes: Laboratory
Determinations

Leukocytes: Physiology
Leukocytes: Disease States

Leukocytes: Laboratory
Determinations

Platelets: Physiology
Platelets: Disease States

Platelets: Laboratory Determinations
Clinical Laboratory Certification Examinations il




Table of Contents

222
226

229

229
240
248
258

265
268
271
275

279

279

294
300
313
315

317
321
328
334
337

345

352
354
358
359

Hemostasis

Hematology Laboratory Operations

Immunology
Questions

Autoantibody Evaluation
Infectious Disease Serology
Protein Analysis

Cellular Immunity and
Histocompatibility Techniques
Answers

Autoantibody Evaluation
Infectious Disease Serology
Protein Analysis

Cellular Immunity and
Histocompatibility Techniques

Microbiology
Questions

Preanalytical and Susceptibility
Testing

Aerobic Gram-Positive Cocci
Gram-Negative Bacilli
Aerobic Gram-Negative Cocci

Aerobic or Facultative Gram-Positive
Bacilli

Anaerobes

Fungi

Mycobacteria

Viruses and Other Microorganisms

Parasites
Answers

Preanalytical and Susceptibility
Testing

Aerobic Gram-Positive Cocci

Gram-Negative Bacilli

Aerobic Gram-Negative Cocci

Aerobic or Facultative Gram-Positive
Bacilli

iv The Board of Certification Study Guide

359
361
363
365
367

369

369
370
374

378
378
379

381

381

383
386
390
399
403
405

413

414
415
417
420
421
423

Anaerobes

Fungi

Mycobacteria

Viruses and Other Microorganisms

Parasites

Molecular Biology
Questions

Molecular Science
Molecular Techniques

Applications of Molecular Testing
Answers

Molecular Science
Molecular Techniques

Applications of Molecular Testing

Urinalysis and Body Fluids
Questions
Urinalysis: Pre-Analytical
Examination
Urinalysis: Physical Examination
Urinalysis: Chemical Examination
Urinalysis: Microscopic Examination
Urinalysis: Complete Examination
Urine Physiology

Other Body Fluids
Answers

Urinalysis: Pre-Analytical
Examination

Urinalysis: Physical Examination

Urinalysis: Chemical Examination

Urinalysis: Microscopic Examination

Urinalysis: Complete Examination

Urine Physiology

Other Body Fluids



Table of Contents

427 Laboratory Operations
Questions

427 Quality Assessment
433 Safety

442 Management

445 Laboratory Mathematics

453 Instrumentation and General
Laboratory Principles

459 Education and Communication

462 Laboratory Information Systems
Answers

465 Quality Assessment
467 Safety

472 Management

473 Laboratory Mathematics

476 Instrumentation and General
Laboratory Principles

478 Education and Communication

479 Laboratory Information Systems

481 Reading & References

Clinical Laboratory Certification Examinations Vv



Acknowledgments

The editors would like to thank Melissa Meeks and Edith Miller for their painstaking efforts in
combining and reviewing this body of work in accordance with the ASCP Press and production staff.
Spectal thanks are also extended to all our volunteers (former examination committee members and
recently recruited volunteers) for their commitment in assisting us on this essential resource for
laboratory science students and their professors.

Thank you to my family - Adam, Peter and Joe, for their support and understanding during
this project.

_ Patricia A. Tanabe, MPA, MLS(ASCP)CM

Good luck with your board examination-—my best to each of you as you embark on an exciting career
in laboratory medicine.

- E. Blair Holladay, PhD, SCT(ASCP)‘M

vi The Board of Certification $tudy Guide



Preface

The 5th edition of the Beard of Certification Study Guide for Clinical Laboratory Certification Examinations
contains over 2000 multiple choice questions. Unique to this study guide is the differentiation of
questions appropriate for both the Medical Laboratory Technician and Medical Laboratory Scientist
levels from questions that are appropriate for the Medical Laboratory Scientist level enly (clearly
marked MLS ONLY). The questions in this edition are arranged in chapters which correspond to the
major content areas on the examination. Within each chapter, the questions are further grouped by
topic. New to this edition are short answer explanations and references for each practice question.
Questions with images will appear as they would on the certihcation examination. Laboratory results
wil] be presented in both conventional and S1 units.

The practice questions are presented in a format and style similar to the questions included on
the Board of Certification certification examinations. Please note: None of these questions will
appear on any Board of Certification examination.

These practice questions were compiled from previously published materiais and submitted
questions from recruited reviewers. (Note: These reviewers do not currently serve on any
Examination Committee.)

This book is not a product of the Board of Certification, rather it is a product of the ASCP Press,

the independent publishing arm of the American Society for Clinical Pathology. Use of this book
does not ensure passing of an examination. The Board of Certification’s evaluation and credentialing
processes are entirely independent of this study guide; however, this book should significantly help
you prepare for your BOC examination.
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Certification, Certification Maintainance Program (CMP), Licensure and Qualification

The Importance of Certification, CMP, Licensure and Qualification

The practice of modern medicine would be impossible without the tests performed in the laboratory.
A highly skilled medical team of pathologists, specialists, laboratory scientists, technologists, and
technicians works together to determine the presence or absence of disease and provides valuable
data needed to determine the course of treatment.

Today's laboratory uses many complex, precision instruments and a variety of automated and
electronic equipment. However, the success of the laboratory begins with the laboratorians’
dedication to their profession and willingness to help others. Laboratorians must produce accurate
and reliable test results, have an interest in science, and be able to recognize their responsibility for
affecting human lives.

Role of the ASCP Board of Certification

Founded in 1928 by the American Society of Clinical Pathologists (ASCP—now, the American
Society for Clinical Pathology), the Board of Certification is considered the preeminent certification
agency in the US and abroad within the field of laboratory medicine. Composed of representatives of
professional organizations and the public, the Board's mission is to: “Provide excellence in certification
of laboratory professionals on behalf of patients worldwide.”

The Board of Certification consists of maore than 100 volunteer technologists, technicians, laboratory
scientists, physicians, and professional researchers. These volunteers contribute their time and
expertise to the Board of Governors and the Examination Committees. They allow the BOC to achieve
the poal of excellence in credentialing medical laboratory personnel in the US and abroad,

The Board of Governors is the policy-making governing body for the Board of Certification

and is composed of 25 members. These 25 members include technologists, technicians, and
pathologists nominated by the ASCP and representatives from the general public as well as fram
the following societies: the American Association for Clinical Chemistry, the AABB, American
College of Microbiology. American Society for Clinical Laboratory Science, the American Society
of Cytopathology, the American Society of Hematology, the American Association of Pathologists’
Assistants, Association of Genetic Technology, the National Society for Histatechnology, and the
Clinical Laboratory Management Association (CLMA).

The Examination Committees are responsible for the planning, development, and review of
the examination databases; determining the accuracy and relevancy of the test items; confirming
the standards for each examination and performing job or practice analyses.

Certification
http://www.ascp.org/certification

Certification is the process by which a nongovernmental agency or association grants recognition
of competency to an individual who has met certain predetermined qualifications, as specified by
that agency or association. Certification affirms that an individual has demonstrated that he or she
possesses the knowledge and skills to perform essential tasks in the medical laboratory. The ASCP
Board of Certification certifies those individuals who meet academic and clinical prerequisites and
who achieve acceptable performance levels on examinations.

In 2004, the ASCP Board of Certification implemented the Certification Maintenance Program
(CMP), which mandates participation every 3 years for newly certified individuals in the US. The goal
of this program is to demonstrate to the public that laboratory professionals are performing

the appropriate and relevant activities to keep current in their practice. Please follow the steps
outlined on the website to apply for CMP and retain your certification. (http://www.ascp.org/CMP)

Clinical Laboratory Certification Examinations ix




Certification, Certification Maintainance Program (CMP), Licensure and Qualification

United States Certification
http:/fwww.ascp.org/certification

To apply for a Certification Examination follow these step-by-step instructions:
i Identify the examination you are applying for and determine your eligibility.
2 Gather your required education and experience documentation.
3 Apply for the examination. We offer 2 options:
a. Apply online and pay by credit card.
b. Or download an application, pay by credit card, check or money order and mail to:

ASCP Board of Certification
3335 Eagle Way
Chicago, [L 60678-1033
4  Schedule your examination at a Pearson Professional Center. Visit the Pearson site (http:/www.pearsonvue.
com/ascp) to identify 2 location and time that is convenient for you to take your ASCP examination.

International Certification
http://www.ascp.org/certification/International

ASCP offers its gold standard credentials in the form of international certification (ASCP) to eligible
individuals. The ASCP credential certifies professional competency among new and practicing
laboratory personnel in an effort to contribute globally to the highest standards of patient safety.
Graduates of medical laboratory science programs outside the United States are challenged with
content that mirrors the standards of excellence established by the US ASCP exams. The ASCP!
credential carries the weight of 80 years of expertise in clinical laboratory professional certification.
Please visit the website to view the following:

1  Website information translated into a specific language.
2 Current listing of international certifications.

3 Eligibility guidelines.
4

Step-by-step instructions to apply for international certification.

State Licensure
http://www.ascp.org/licensure

State Licensure is the process by which a state grants a license to an individual to practice their
profession in the specified state. The individual must meet the state’s licensing requirements, which
may include examination and/or experience. It is important to identify the state and examination to
determine your eligibility and view the steps for licensure and/or certification. Fora list of states that
require licensure, please go to the website. (http://www.ascp.org/statelicensureagencies)

The ASCP Board of Certification (BOC) examinations have been approved for licensure purposes by
the states of California and New York. The BOC examinations also meet the requirements for all other
states that require licensure.

Qualification
http://www.ascp.org/qualification

A qualification from the Board of Certification recognizes the competence of individuals in specific
technical areas. Qualifications are available in laboratory informatics, immunohistochemistry

and flow cytometry. To receive this credential, candidates must meet the eligibility requirements

and successfully complete an examination (QCYM, QIHC) or a work sample project (QLI}. Candidates
who complete the Qualification process will receive a Certificate of Qualification, which is valid for

5 years. The Qualification may be revalidated every 5 years upon receipt of completed application and
fee. (Documentation of acceptable continuing education may be requested.)

X The Board of Certification Study Guide



About the Examination

Preparing for and Taking the BOC Certification Examination

Begin early to prepare for the Certification Examination. Because of the broad range of knowledge
and skills tested by the examination, even applicants with college education and those completing
formal laboratory education training programs will find that review is necessary, although the exact
amount will vary from applicant to applicant. Generally, last-minute cramming is the least effective
method for preparing for the examination. The earlier you begin, the more time you will have to
prepare; and the more you prepare, the better your chance of successfully passing the examination
and scoring well.

Study for the Test

Plan a course of study that allows more time for your weaker areas. Although it is important to study
your areas of weakness, be sure to allow enough time to review all areas. It is better to spend a short
time studying every day than to spend several hours every week or 2. Setting aside a regular time and
a special place to study will help ensure studying becomes a part of your daily routine.

Study Resources
http://www.ascp.org/studymaterials

Competency Statements and Content Guidelines
http://www.ascp.org/contentguidelines

The Board of Certification has developed competency statements and content guidelines to delineate
the content and tasks included in its tests. Current Content Guidelines for the Medical Laboratory
Scientist (MLS) and Medical Laboratory Technician (MLT) examinations as well as other certification
examinations offered by the ASCP BOC are available.

Study Guide

The questions in this study guide are in a format and style similar to the questions on the Board of

Certification examinations. The questions are in a multiple choice format with 1 best answer. Work
through each chapter and answer all the questions as presented. Next, review your answers against
the answer key. Review the answer explanation for those questions, that you answered incorrectly.
Lastly, each question is referenced if you require further explanation,

Textbooks

The references cited in this study guide {see pp 481-484) identify many useful textbooks. The most
current reading lists for most of the examinations are available on the ASCP's website (http:/www,
ascp.org/readinglists). Textbooks tend to cover a broad range of knowledge in a given field. An added
benefit is that textbooks frequently have questions at the end of the chapters that you can use to test
yourself should you need further clarification on specific subject matter.

Online practice tests
http://www.ascp-practice.com

The online practice test is a subscription product. It includes 90-day online access to the practice
tests, comprehensive diagnostic scores, and discussion boards. If you are ap institutional purchaser
that would like to pay by check or purchase order (minimum of 20 tests to use a check or purchase
order), please download the order form from the website. Content-specific online practice tests can be
purchased online.

Clinical Laboratory Certification Examinations Xi




About the Examination

Taking the Certification Examination

The ASCP Board of Certification (BOC) uses computer adaptive testing (CAT), which is criterion
referenced. With CAT, provided you answer the question correctly, the next examination question
has a slightly higher level of difficulty. The difficulty level of the questions presented to the examinee
continues to increase until a question is answered incorrectly. At this point, a slightly easier question
is presented. The importance of testing in an adaptive format is that each test is individually tailored
to your ability level.

Each question in the examination pool is calibrated for difficulty and categorized into a subtest area,
which corresponds to the content guideline for a particular examination. The weight (value) given

to each question is determined by the level of difficulty. All examinations (with the exception of
phlebotomy (PBT) and donor phlebotomy (DPT)) are scheduled for 2 hours and 30 minutes and have
100 questions, The PBT and DPT examinations are scheduled for 2 hours and have 80 questions.
Your preliminary test results (pass/fail) will appear on the computer screen immediately upon
completion of your examination. Detailed examination scores will be mailed within 10 business days
after your examination, provided that the BOC has received all required application documents,
Examination results cannot be released by telephone under any circumstances.

Your official detailed examination score report will indicate a “pass” or "fail” status and the specific
scaled score on the total examination. A scaled score is statistically derived (in part) from the raw
score {(number of correctly answered questions) and the difficulty level of the questions. Because each
examinee has taken an individualized examination, scaled scores are used so that all examinations
may be compared on the same scale. The minimum passing score is 400. The highest attainable score
is 999.

If you were unsuccessful in passing the examination, your scaled scores on each of the subtests will be
indicated on the report as well. These subtest scores cannot be calculated to obtain your total score.
These scores are provided as a means of demonstrating your areas of strengths and weaknesses in
comparison to the minimum pass score.

xii The Board of Certification Study Guide



1: Blood Bank | Blood Products Questions

Blood Bank

The following items have been identified generally as appropriate for both entry level medical laboratory
scientists and medical laboratory technicians. tems that are appropriate for medical laboratory scientists only
are marked with an "MLS ONLY.”

1 Questions 52 Answers with Explanations
1  Biood Preducts 53 Blood Products
8  Blood Group Systems 55 Blood Group Systems
17  Physiology and Pathophysiology 59  Physiology and Pathophysiology
24  Serology 62 Secrology
42 Transfusion Practice 69 Transfusion Practice
Blood Products

1 The minimurm hemoglobin concentration in a fingerstick from a male blood donor is:

a 12.0 g/dL (120 g/L)
b 12.5g/dL (125 g/L)
¢ 13.5g/dL {135 g/L)
d 15.0 g/dL (150 g/L)

2 A cause for permanent deferral of blood denation is:
MLS
ONLY & diabetes

b residence in an endemic malaria region
¢ history of jaundice of uncertain cause

d history of therapeutic rabies vaccine

3 Which of the following prospective donors would be accepted for donation?
MLx

ONIY & 32-year-old woman who received a transfusion in a complicated delivery 5 months previously
b 19-year-old sailor who has been stateside for 9 months and stopped taking his anti-malarial
medication 9 months previously
¢ 22-year-old college student who has a temperature of 99.2°F (37.3°C) and states that he feels
well, but is nervous about donating
d 45-year-old woman who has just recovered from a bladder infection and is still taking
antibiotics

4 Which one of the following constitutes permanent rejection status of a donor?

a atattoo 5 months previously

b recent close contact with a patient with viral hepatitis
¢ 2 units of blood transfused 4 months previously

d confirmed positive test for HBsAg 10 years previously

5  According to AABB standards, which of the following denors may be accepted as a blood donor?
MIS
UMY & traveled to an area endemic for malaria 9 months previously
spontaneous abortion at 2 months of pregnancy, 3 months previously
resides with a known hepatitis patient

received a blood transfusion 22 weeks previously

=TI -

Clinical Laboratory Certification Examinations 1




1: Blood Bank | Blood Products Questions

6

MIS
ONLY

10

11
MLS
ONLY

12

13

Below are the results of the history obtained from a prospective female blood donor:

age: 16

temperature: 99.0°F (37.2°C)

Hcet: 36%

history: tetanus toxoid immunization 1 week previously

How many of the above results excludes this donor from giving blood for a routine transfusion?

a none
b1
c 2
d 3

For apheresis donors who donate platelets more frequently than every 4 weeks, a platelet count
must be performed prior to the procedure and be at least:

a 150 x 10%/uL (150 x 109/L)
b 200 x 103/uL (200 x 10%/L)
¢ 250 x 103/pL (250 x 10%/L)
d 300 x 103/pL (300 x 10%/L)

Prior to blood denation, the intended venipuncture site must be cleaned with a scrub
solution containing:

a hypochlorite

b isopropyl aicohol

¢ 10% acetone

d PVP icdine complex

All donor blood testing must include:

a complete Rh phenotyping
b anti-CMV testing

¢ direct antiglobulin test

d serological test for syphilis

During the preparation of Platelet Concentrates from Whole Blood, the blood should be:

cooled towards 6°C
cooled towards 20°-24°C
warmed to 37°C

heated to 57°*C

B N

The most common cause of posttransfusion hepatitis can be detected in donors by testing for:

a anti-HCV

b HBsAg

¢ anti-HAV [gM
d anti-HBe

The Western blot is a confirmatory test for the presence of:

a CMV antibody

b anti-HIV-1

¢ HBsAg

d serum protein abnormalities

The test that is currently used to detect donors who are infected with the AIDS virus is:

a anti-HBc

b anti-HIV 1,2
¢ HBsAg

d ALT

2 The Board of Cartification Study Guide



1: Blood Bank | Blood Products Questions

14

15

MLS
ONLY

16

17

18

19

20

21

MLS
ONLY

A commonly used screening method for anti-HIV-1 detection is:

a latex agglutination

b radicimmunoassay (RIA)

¢ thin-layer-chromatography (TLC)

d enzyme-labeled immunosorbent assay (ELISA)

Rejuvenation of a unit of Red Blood Cells is a method used to:

a remove antibody attached to RBCs

b inactivate viruses and bacteria

€ restore 2,3-DPG and ATP to normal levels
d filter blood clots and other debris

A unit of packed cells is split into 2 aliquots under closed sterile conditions at 8 AM. The expiration
time for each aliquot is now:

a 4 PM on the same day

b 8 PM on the same day

¢ 8 aM the next morning

d the original date of the unsplit unit

A unit of Red Blood Cells expiring in 35 days is split into 5 small aliquots using a sterile pediatric
quad set and a sterile connecting device. Each aliquot must be labeled as expiring in:

a 6Ghours
b 12 hours
¢ Sdays
d 35 days

When platelets are stored on a rotator set on an open bench top, the ambient air temperature
must be recorded:

once a day
twice a day
every 4 hours
every hour

ahoTe

Which of the following is the correct storage temperature for the component listed?

a Cryoprecipitated AHE, 4°C

b Fresh Frozen Plasma (FFP), -20°C
¢ Red Blood Cells, Frozen, -40°C
Platelets, 37°C

-7

A unit of Red Blood Cells is tssued at 9:00 AM. At 9:10 AM the unit is returned to the Blood Bank.
The container has not been entered, but the unit has not been refrigerated during this time span.
The best course of action for the technologist is to:

a culture the unit for bacterial contamination

b discard the unit if not used within 24 hours

¢ store the unit at room temperature

d record the return and place the unit back into inventory

The optimum storage temperature for Red Blood Cells, Frozen is:

a ~80°C
b -20°C
c -12°C
d 4

Clinical Laboratory Certification Examinations 3
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22

23

24

25

26

27

28

29

The optimum storage temperature for Red Blood Cells is:

a -80°C
b -20°C
c ~12°C
d 4°C

If the seal is entered on a unit of Red Blood Cells stored at 1°C to 6°C, what is the maximum
allowable storage peried, in hours?

a 6

b 24

c 48

d 72

The optimum storage temperature for cryoprecipitated AHF is:
a -20°C

b -12°C

¢ 4°C

d 22C

Cryoprecipitated AHF must be transfused within what period of time following thawing
and pooling?

4 hours
8 hours
12 hours
24 hours

BN o p

Platelets prepared in a polyolefin type container, stored at 22”-24"C in 50 mL of plasma, and
gently agitated can be used for up to:

a 24 hours

b 48 hours

¢ 3days

d 5days

The optimum storage temperature for platelets is:
a -20°C

b -12°C

¢ 4C

d 22°C

According to AABB standards, Fresh Frozen Plasma must be infused within what period of time

following thawing?

a 24 hours
b 36 hours
¢ 48 hours
d 72 hours

Cryoprecipitated AHF, if maintained in the frozen state at ~18°C or below, has a shelf life of:

42 days

6 months
12 months
36 months

|- B - ]
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30

31
MLS
ONLY

32

33

Mls
ONLY

34

MLS
ONLY

35

ML
ONLY

36

37

38

Once thawed, Fresh Frozen Plasma must be transfused within:

a 4hours
b Bhours
¢ 12 hours
d 24 hours

An important determinant of platelet viability following storage is:

a plasma potassium concentration

b plasma pH

¢ prothrombin time

d activated partial thromboplastin time

In the liquid state, plasma must be stored at:
a 1°-6°C

b 22°C

c 37°C

d 56°C

During storage, the concentration of 2,3-diphosphoglycerate (2,3-DPG) decreases in a unit of:

Platelets

Fresh Frozen Plasma
Red Blood Cells
Cryoprecipitated AHF

an TN

Cryoprecipitated AHF:

is indicated for fibrinogen deficiencies

should be stored at 4°C prior to administration
will not transmit hepatitis B virus

is indicated for the treatment of hemophilia B

aLho'e

Which apheresis platelets product should be irradiated?

autologous unit collected prior to surgery

random stock unit going to a patient with DIC

a directed donation given by a mother for her son

a directed donation given by an unrelated family friend

-V - N

Irradiation of a unit of Red Blood Cells is done to prevent the replication of donor:

a granulocytes
b lymphocytes
¢ redcells
d platelets

Plastic bag overwraps are recommended when thawing units of FFP in 37°C water baths because
they prevent:

the FFP bag from cracking when it contacts the warm water
water from slowly dialyzing across the bag membrane

the entry ports from becoming contaminated with water
the label from peeling off as the water circulates in the bath

[-P I - o ]

Which of the following blood components must be prepared within 8 hours after phlebotomy?

Red Blocd Cells

Fresh Frozen Plasma
Red Blood Cells, Frozen
Cryoprecipitated AHF

[- P - o
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39 Cryoprecipitated AHF contains how many units of Factor VIII?
MLS

ONLY o 40
b 80
c 130
d 250

40 Which of the following blood components contains the most Factor VIII concentration relative
MLS

onLy to volume?
a Single-Donor Plasma
b Cryoprecipitated AHF
¢ Fresh Frozen Plasma

d Platelets

41 The most effective component to treat a patient with fibrinogen deficiency is:
MLS
ONLY 2 Fresh Frozen Plasma
b Platelets

¢ Fresh Whole Bloed

d Cryoprecipitated AHF

42  Ablood component prepared by thawing Fresh Frozen Plasma at refrigerator temperature and
removing the fluid portion is:

a Plasma Protein Fraction
b Cryoprecipitated AHF

¢ Factor [X Complex

d FP24

43  Upon inspection, a unit of platelets is noted to have visible clots, but otherwise appears normal.
The technologist should:

a issue without concern
b filter to remove the clots
¢ centrifuge to express off the clots
d quarantine for Gram stain and culture
44  According to AABB Standards, at least 90% of ail Apheresis Platelets units tested shall contain a

M, minimum of how many platelets?

a 5.5x109
b 6.5x 1010
¢ 3.0x1012
d 5.0x 10!

45  According to AABB Standards, Platelets prepared from Whole Blood shall have at least:
MLS

oMY a 5.5 x 10'° platelets per unit in at least 90% of the units tested
b 6.5 x 11'° platelets per unit in 90% of the units tested

¢ 7.5 x 100 platelets per unit in 100% of the units tested

d 8.5 x 10'0 platelets per unit in 95% of the units tested
46 Which of the following is proper procedure for preparation of Platelets from Whole Blood?

a light spin followed by a hard spin
b light spin followed by 2 hard spins
¢ 2light spins

d hard spin followed by a light spin
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47

MLS
ONLY

48

MLS
ONLY

50

51

MIs
ONLY

52

MLS
CINLY

53

54

According to AABB standards, what is the minimum pH required for Platelets at the end of the
storage period?

6.0
6.2
6.8
7.0

G T W

According to AABB standards, Platelets must be:

a gently agitated if stored at room temperature

b separated within 12 hours of Whole Blood collection

¢ suspended in sufficient plasma to maintain a pH of 5.0 or lower

d prepared only from Whole Blood units that have been stored at 4°C for 6 hours

A unit of Whole Blood-derived (random donor) Platelets should contain at least:

a 1.0 x 100 platelets
b 5.5 x 10'0 platelets
¢ 5.5x 101 platelets
d 90% of the platelets from the original unit of Whole Blood

Platelets prepared by apheresis should contain at least:

a 1x 10" platelets
b 3 x 10 platelets
¢ 3x 10" platelets
d 510" platelets

Leukocyte-Reduced Red Blood Cells are ordered for a newly diagnosed bone marrow candidate.
What is the best way to prepare this product?

crossmatch only CMV-seronegative units

irradiate the unit with 1,500 rads

wash the unit with saline prior to infusion
transfuse through a Log? leukocyte-removing filter

- "R

Of the following blood components, which one should be used to prevent HLA alloimmunization
of the recipient?

a Red Blood Cells

b Granulocytes

¢ Irradiated Red Blood Cells

d Leukocyte-Reduced Red Blood Cells

A father donating Platelets for his son is connected to a continuous flow machine, which uses the
principle of centrifugation to separate Platelets from Whole Blood. As the Platelets are harvested

al] other remaining elements are returned to the donor. This method of Platelet collection is
known as:

»

a apheresis

b autologous
¢ homologous
d fractionation

To qualify as a donor for autologous transfusion a patient’s hemoglobin should be at least:

a 8g/dL(80g/L)

b 11g/dL(110g/L)
¢ 13g/dL (130 g/L)
d 15g/dL (150 g/L)

Clinical Laboratory Certification Exeminations 7
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55  What is/are the minimum pretransfusion testing requirement(s) for autologous donations
collected and transfused by the same facility?
a ABO and Rh typing only
b ABO/Rh type, antibody screen
¢ ABO/Rh type, antibody screen, crossmatch
d no pretransfusion testing is required for autologous donations
56  In a quality assurance program, Cryoprecipitated AHF must contain a minimum of how many
iy international units of Factor VIII?
a 60
b 70
¢ 80
d 90
57  An assay of plasma from a bag of Cryoprecipitated AHF yields a concentration of 9 international
omry units (IU) of Bactor VIII per mL of Cryoprecipitated AHF. If the volume is 9 mL, what is the Factor
VIII content of the bag in [U?
a 9
b 18
c 27
d 81
Blood Group Systems
58 Refer to the following table:
Antigens
1 2 3 4 5 Test results
3 I + 0 + o+ +
=]
@ 0 0 + 0 + a
@ m o + +« + 0 o0
==
@ v o + + 0+ +
Vv + + + 0 0 +
auto O
Given the most probable genotypes of the parents, which of the following statements best
describes the most probable Rh genotypes of the 4 children?
a 2areR;r, 2 are R;R;
b 3areR;r, lisrr
¢ lisRyr, 1is Ryr, 2 are R;R,
d lis Ror’, lis RIRI’ 2 are Rir
59 The linked HLA genes on each chromosome constitute a{n):

a allele
b trait
¢ phenotype
d haplotype
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60

61

63

64

65

66

67

An individual’s red blood cells give the following reactions with Rh antisera:
anti-D  anti-C anti-E anti-c anti-e Rh contro!
44 3+ 0 3+ 3+ 0

The individual's most probable genotype is:

a DCe/DcE
b DcE/dce
Dce/dce
DCe/dce

blood donor has the genotype: hh, AB. What is his red blood cell phenotype?
A

I - "N

T

B
O
d AB

An individual has been sensitized to the k antigen and has produced anti-k. What is her most
probable Kell system genotype?

a KK
b Kk
c kk

d KoKp

Given the following typing results, what is this donor’s racial ethnicity?
Le(a-b-); Fy{a-b-); Js(a+b+}

a African American

b Asian American

¢ Native American
& Caucasian

A mother has the red cell phenotype D+C+E-c-e+ with anti-c {titer of 32 at AHG) in her serum.
The father has the phenotype D+C+E-c+e+. The baby is Rh-negative and not affected with
hemolytic disease of the newborn. What is the baby’s most probable Rh genotype?

a r'r

b rr

C RIRI

d R}T

In an emergency situation, Rh-negative red cells are transfused into an Rh-positive person of the
genotype CDe/CDe. The first antibody most likely to develop is:

a anti-c
b anti-d
€ anti-e
d anti-E

Most blood group systems are inherited as:

sex-linked dominant
sex-linked recessive
autosomal recessive
autosomal codominant

anTe

The mating of an Xg(a+) man and an Xg(a-) woman will only produce:

a Xgla-) sons and Xg(a-) daughters
b Xgla+) sons and Xg(a+) daughters
c Xgla-) sons and Xg(a+) daughters
d Xg(a+) sons and Xg(a-) daughters

Clinical Laboratery Certification Examinations 9
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68

69

70

71

72

73
MLS
UNLY

74

Refer to the following data:

anti-C  anti-D anti-E  anti-c  anti-e
+ + + + +

Given the reactions above, which is the most probable genotype?
a RIRI

b RIF’

[4 Ror”

d R(R;

A patient’s red cells type as follows:

anti-D antl-C anti-E
44 0 0

Which of the following genotype would be consistent with these results?
a R()Rg

b er

C R!RQ

d Rr

The red cells of a nonsecretor (se/se) will most likely type as:

a Le(a-b-)
b Le(a+b+)
¢ Lefa+b-)
d Le{a-b+)

Which of the following phenotypes will react with anti-f?

arr
b RiR,
[« RZR-)_
A patient’s red blood cells gave the following reactions:

anti-D anti-C anti-E anti-¢ anti-e anti-f
+ + + + + 0

The most probable genotype of this patient is:
a R]R";

b RQ!‘”

¢ R,r

d R,R,

Anti-N is identified in a patient's serum. If random crossmatches are performed on 10 donor

units, how many would be expected to be compatible?

a 0
b 3
c 7
d 10

A woman types as Rh-positive. She has an anti-c titer of 32 at AHG. Her baby has a negative
DAT and is not affected by hemolytic disease of the newborn. What is the father’s most likely

Rh phenotype?
arr
b +r
< er
d Rzr
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75

76

77

78

79
MLS
ONLY

80

MLS
ONLY

Which of the following red cel! typings are most commeonly found in the African American
doner population?

a Lu(a-b-)
b Jk(a-b-)
¢ Fy(a-b-)
d K-k-

Four units of blood are needed for elective surgery. The patient’s serum contains anti-C, anti-e,
anti-Fy? and anti-JkP. Which of the following would be the best source of donor blood?

a test all units in current stock

b test 100 group O, Rh-negative donors
¢ test 100 group-compatible donors

d rare donor file

A donor is tested with Rh antisera with the following results:

anti-D anti-C anti-E anti-c anti-e Rh control
+ + 0 + + 0

What is his most probable Rh genotype?
a R;Rl

b R}r

c Ror

d R;r

A family has been typed for HLA because 1 of the children needs a stem cell donor, Typing results
are listed below:

father: A1,3;88,35
mother: A2,23;812,18
child #1: A1,2:B88,12
child #2: A1,23;B8,18
child #3: A3,23;B18,7

What is the expected B antigen in child #37
a Al

b A2

¢ B12

d B35

Which of the following is the best source of HLA-compatible platelets?

mother
father
siblings

cousins

anhoe

A patient is group O, Rh-negative with anti-D and anti-K in her serum. What percentage of the
general Caucasian donor population would be compatible with this patient?

a 05
b 2.0
¢ 3.0
d 6.0

Clinical Laboratory Certification Examinations 11
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81 The observed phenotypes in a particular population are:
MLS
ONLY Phenotype Numbar of parsons
Jkfa+b-) 122
Jk(a+b+} 194
Jk(a—b+) 84
What is the gene frequency of Jk? in this population? '
a 031
b 0.45
¢ 0.55
d 0.60
82  Inarandom population, 16% of the people are Rh-negative (rr). What percentage of the
omy Rh-positive population is heterozygous for r?
a 36%
b 48% h
¢ 57% '
d 66%
83  In relationship testing, a “direct exclusion” is established when a genetic marker is:
a absent in the child, but present in the mother and alleged father
b absent in the child, present in the mother and absent in the alleged father
¢ present in the child, absent in the mother and present in the alleged father
d present in the child, but absent in the mother and alleged father
84  Relationship testing produces the followiny red cell phenotyping results:
ABO Rh
alleged father: B D+C-c+E+e-
mother: O D+C+E-c-e+
¢hild: e} D+C+E-c+a+
What conclusions may be made?
a there is no exclusion of paternity
b paternity may be excluded on the basis of ABO typing
€ paternity may be excluded on the basis of Rh typing
d paternity may be excluded on the basis of both ABO and Rh typing |
85 In arelationship testing case, the child has a genetic marker that is absent in the mother and
cannot be demonstrated in the alleged father. What type of paternity exclusion is this known as?
a indirect
b direct
¢ prior probability
d Hardy-Weinberg
86 A patient is typed with the following results:

Patient's cells with Patient's serum with
anti-A 0 A, red cells 2+
anti-B 0 Bredcells 4+
anti-A.B 2+ Ab screen 0

The most probable reason for these findings is that the patient is group:

a O; confusion due to faulty group O antiserum
b O; with an anti-A;
¢ A,; with an anti-A
d A;; with an anti-A l
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87

88

89

90

91

92

M|x
DNLY

93

94

95

Human blood groups were discovered around 1900 by:

a Jules Bordet

b Louis Pasteur

¢ Karl Landsteiner
d PL Mollison

Cells of the A; subgroup will:

a react with Dolichos biflorus

b bE- with anti-A

¢ give a mixed-field reaction with anti-A,B
d bE- with anti-H

The enzyme responsible for conferring H activity on the red cell membrane is alpha-:

& galactosyl transferase

b N-acetylgalactosaminyl transferase
¢ L-fucosyl transferase

d N-acetylglucosaminyl transferase

Even in the absence of prior transfusion or pregnancy, individuals with the Bombay phenotype
(On) will always have naturally occurring:

anti-Rh
anti-K,

anti-1
anti-H

="l - ol )

The antibody in the Lutheran system that is best detected at lower temperatures is:

anti-Lu?
anti-Lu®
anti-Lu3
antj-Lu*h

= "R B - o ]

Which of the following antibodies is neutralizable by pooled human plasma?

anti-Kn?*
anti-Ch
anti-Yk#

anti-Cs?

O o'w

Anti-Sd* is strongly suspected if:

the patient has been previously transfused
the agglutinates are mixed-field and refractile
the patient is group A or B

only a small number of panel cells are reactive

HLA antibodies are:

N o

a naturally occurring

b induced by multiple transfusions

¢ directed against granulocyte antigens only

d frequently cause hemolytic transfusion reactions

Genes of the major histocompatibility complex (MHQC):

code for HLA-A, HLA-B, and HLA-C antigens only

are linked to genes in the ABO system

are the primary genetic sex-determinants

contribute to the coordination of cellular and humoral immunity

[- PN - o ]
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96  Isoimmunization to platelet antigen HPA-1a and the placental transfer of maternal antibodies
oty would be expected to cause newborn:

a erythroblastosis
b leukocytosis

¢ leukopenia

d thrombocytopenia

97  Saliva from which of the following individuals would neutralize an auto anti-H in the serum of a
group A, Le(a-b+} patient?

a group A, Le(a—b-)
b group A, Le(a+b-)
¢ group O, Le(a+b-}
d group O, Le(a-b+)

98  Inhibition testing can be used to confirm antibody specificity for which of the
following antibodies?

anti-Lu?
anti-M

anti-Le?
anti-Fy?

ah o'N

99  Which of the following Rh antigens has the highest frequency in Caucasians?

A0 o'W
N mg

100 Anti-D and anti-C are identified in the serum of a transfused pregnant woman, gravida 2, para

omy 1. Nine months previously she received Rh immune globulin (RhIG) after delivery. Tests of the

patient, her husband, and the child revealed the following:

anti-D anti-C anti-€ anti-¢ anti-e
patient 0 0 0 + +
father + 0 0 + +
child + 0 0 + +

The most likely explanation for the presence of anti-C is that this antibody is:

a actually anti-C¥

b from the RhIG dose

¢ actually anti-G

d naturally occurring
101 The phenomenan of an Rh-positive person whose serum contains anti-D is best explained by:
MLy
O¥Ya gene deletion
b missing antigen epitopes
€ trans position effect
d gene inhibition
102 When the red cells of an individual fail to react with anti-U, they usually fail to react with:
MLS
ONLY anti-M
anti-Leb
anti-5
anti-P,

[-MCC I - o ]
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103

104

105

106

107

108

109

110
MLS
ONLY

Which of the following red cell antigens are found on glycophorin-A?

a MN
b Le3, Leb
€ S's

d PP, Pk

Paroxysmal cold hemoglobinuria (PCH) is associated with antibody specificity toward which of
the following?

Kell system antigens
Duffy system antigens
P antigen

I antigen

|- PR - ol ]

Which of the following is a characteristic of anti-i?

a associated with warm autoimmune hemolytic anemia

b found in the serum of patients with infectious mononucleosis

¢ detected at lower temperatures in the serum of normal individuals
d found only in the serum of group O individuals

[n a case of cold autoimmune hemolytic anemia, the patient’s serum would most likely react 4+ at
immediate spin with:

a group A cells, B cells and O cells, but not his own cells
b cord cells but not his own or other adult cells

¢ all cells of a group O cell panel and his own cells

d only peniciilin-treated panel cells, not his own cells

Cold agglutinin syndrome is associated with an antibody specificity toward which of
the following?

a Fy:3
b P
c |

d Rh:1
Which of the following is a characteristic of anti-i?

a often associated with hemolytic disease of the newborn
b reacts best at room temperature or 4°C

¢ reacts best at 37°C
d is usually IgG

The Kell (K1) antigen is:

a absent from the red cells of neonates

b strongly immunogenic

¢ destroyed by enzymes

d has a frequency of 50% in the random population

In chronic granulomatous disease (CGD), granulocyte function is impaired. An association exists
between this clinical condition and a depression of which of the following antigens?

Rh
P
Kell

Duffy

- "N - ]
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111

112

113

114

115
Mls
ONLY

116

MLs
ONLY

117

MLS
ONLY

The antibodies of the Kidd blocd group system:

react best by the indirect antiglobulin test

are predominantly IgM

often cause allergic transfusion reactions

do not generally react with antigen-positive, enzyme-treated RBCs

-V I - o ]

Proteolytic enzyme treatment of red cells usually destroys which antigen?

a Jk?*
b E
¢ Fy?
d k

Anti-Fy* is;

usually a cold-reactive agglutinin

more reactive when tested with enzyme-treated red blood cells
capable of causing hemolytic transfusion reactions

often an autoagglutinin

|-l - ol

Resistance to malaria is best associated with which of the following blood groups?

a Rh

b /i

c P

d Duffy

What percent of group O donors would be compatible with a serum sample that contained anti-X

and anti-Y if X antigen is present on red cells of 5 of 20 donors, and Y antigen is present on
red cells of 1 of 10 donors?

a 25
b 68
¢ 25.0
d 6&8.0

How many Caucasians in a population of 100,000 will have the following combination
of phenotypes?

System Phenotype Fraquency (%)
ABO (o] 45
Gm Fb 48
PGM1 2-1 37
EsD 2-1 18
a 1
b 14
¢ 144
d 1,438

What is the approximate probability of finding compatible blood among random Rh-positive units
for a patient who has anti-c and anti-K? (Consider that 20% of Rh-positive donors lack ¢ and 30%
lack K)

a 1%
b 10%
¢ 18%
d 45%
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118 A 25-year-old Caucasian woman, gravida 3, para 2, required 2 units of Red Blood Cells.
The antibody screen was positive and the results of the antibody panel are shown below:

EM

Cel D C ¢ E e K Jk* JkP le* Le® M N P, 37°C AHG
1 + + 0 0 + + 4+ + 0 + + o+ o+ 0 0
2 + + 0 0 + 0 + 0 0 + + 0 0 0 0
3 + 0 + + 0 0 + + 0 + + o+ o+ 0 1+
4 + + + 0D + 0 0 + 0 + + 0 + 0 1+
5 0 0 + 0 + 0 =+ + 0 + + 0 0 0 1+
6 0 0 + + + 0 + 0 + 0 + + 0 0 1+
7 0 0 + 0 + + 4+ + + 0 + o+ o+ 0 1+
8 0 0 + 0 + 0 O© + 0 + 0 + + 0 T+

auto 0 0

EM = enhancement media

What is the most probable genotype of this patient?
arr

b rv

[ 4 Ror

d RR,

Physiology and Pathophysiology

119 A man suffering from gastrointestinal bleeding has received 20 units of Red Blood Cells in the last

oty 24 hours and is still oozing post-operatively. The following results were obtained:

PT: 20 seconds [control: 12 seconds)
APTT: 43 seconds (control: 31 seconds)
plateiet count: 160 = 10%/pL (160 = 10%L)

Hgb: 10 g/dL (100 g/L)

Factor VIHl; 85%

What blood product should be administered?

a Fresh Frozen Plasma

b Red Blood Cells

¢ Factor ViIl Concentrate
d Platelets

120 Transfusion of which of the following is needed to help correct hypofibrinogenemia due to DIC?
ML

YNY & Whole Blood
b Fresh Frozen Plasma
€ Cryoprecipitated AHF
d Platelets

121 Ablood component used in the treatment of hemophilia A is:

a Factor VIII Concentrate
b Fresh Frozen Plasma

¢ Platelets

d Whole Blood
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122Which of the following blood components is most appropriate to transfuse to an 8-year-old male

MLS
ONLY

123

MLS
CNLY

124

M1
ONLY

125

Mix
ONLY

126

127
MLS
ONLY

128

hemophiliac who is about to undergo minor surgery?

a Cryoprecipitated AHF
b Red Blood Cells
¢ Platelets

Factor VIII Concentrate

[-9]

A unit of Fresh Frozen Plasma was inadvertently thawed and then immediately refrigerated at 4°C
on Monday morning. On Tuesday evening this unit may still be transfused as a replacement for:

a all coagulation factors
b FactorV

¢ Factor VIII

d Factor IX

A newborn demonstrates petechiae, ecchymosis and mucosal bleeding, The preferred blood
component for this infant would be:

a Red Blood Cells

b Fresh Frozen Plasma
¢ Platelets

d Cryoprecipitated AHF

Which of the following would be the best source of Platelets for transfusion in the case of
alloimmune neonatal thrombocytopenia?

a father

b mother

¢ pooled platelet-rich plasma
d polycythemic donor

An obstetrical patient has had 3 previous pregnancies. Her first baby was healthy, the second was
jaundiced at birth and required an exchange transfusion, while the third was stillborn. Which of
the following is the most likely cause?

a ABO incompatibility

b immune deficiency disease

< congenital spherocytic anemia
d Rh incompatibility

A specimen of cord blood is submitted to the transfusion service for routine testing. The following
results are obtained:

anti-A: anti-B: anti-D: Rh-control: direct antiglobulin test:
4+ negative 3+ negative 2+

[t is known that the father is group B, with the genotype of cde/cde. Of the following 4 antibodies,
which 1 is the most likely cause of the positive direct antiglobulin test?

a anti-A
b anti-D
¢ anti-c |

d anti-C
ABO-hemolytic disease of the newborn:

a usually requires an exchange transfusion
b most often occurs in first born children |
¢ frequently results in stillbirth

d is usually seen only in the newborn of group O mothers
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129 Which of the following antigens is most likely to be involved in hemolytic disease of

130

131
MLS

ONLY

132

134

135

the newborn?

a Le?
b P,
c M
d Kell

ABO hemolytic disease of the fetus and newborn (HDFN) differs from Rh HDFN in that:

a Rh HDFN is clinically more severe than ABO HDFN

b the direct antiglobulin test is weaker in Rh HDFN than ABO
¢ Rh HDFN occurs in the first pregnancy

d the mother's antibody screen is positive in ABO HDN

The following results were obtained:

anti-A anti-B anti-D Weak D DAT Ab screen
infant 0 0 4] NT 4+ NT
mother 44 0 0 1] NT anti-D

NT = not tested

Which of the following is the most probable explanation for these results?

a ABO hemolytic disease of the fetus and newborn

b Rh hemolytic disease of the fetus and newborn; infant has received intrauterine transfusions
¢ Rh hemolytic disease of the fetus and newborn, infant has a false-negative Rh typing

d large fetomaternal hemorrhage

A group A, Rh-positive infant of a group O, Rh-positive mother has a weakly positive direct
antiglobulin test and a moderately elevated bilirubin 12 hours after birth. The most likely cause is:

a ABO incompatibility

b Rhincompatibility

¢ blood group incompatibility due to an antibody to a low frequency antigen
d neonatal jaundice not associated with blood group

In suspected cases of hemolytic disease of the newborn, what significant information can be
obtained from the baby’s blood smear?

a estimation of WBC, RBC, and platelet counts

b marked increase in immature neutrophils (shift to the left)

¢ adifferential to estimate the absolute number of lymphocytes present
d determination of the presence of spherocytes

The Liley method of predicting the severity of hemolytic disease of the newborn is based on the
amniotic fluid:

a bilirubin concentration by standard methods
b change in optical density measured at 450 nm
¢ Rh determination

d ratio of lecithin to sphingomyelin

These laboratory results were obtained on maternal and cord blood samples:

mother:  A-
baby: AB+, DAT: 3+ cord hemoglobin: 10 g/dL (100 g/L)
Does the baby have HDN?

a no, as indicated by the cord hemoglobin

b yes, although the cord hemoglobin is normal, the DAT indicates HDN

¢ yes, the DAT and cord hemoglobin level both support HDN

d no, a diagnosis of HDN cannot be established without cord bilirubin levels
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The main purpose of performing antibody titers on serum from prenatal immunized women is to:

a determine the identity of the antibody

b identify candidates for amniocentesis or percutaneous umbilical blood sampling
¢ decide if the baby needs an intrauterine transfusion

d determine if early induction of labor is indicated

Which unit should be selected for exchange transfusion if the newborn is group A, Rh-positive
and the mother is group A, Rh-positive with anti-c?

a A, CDe/CDe
b A, cDE/cDE
¢ O, cde/ede
d A, cde/cde

A mother is group A, with anti-D in her serum. What would be the preferred blood product if an
intrauterine transfusion is indicated?

a O, Rh-negative Red Blood Cells
b O, Rh-negative Red Blood Cells, Irradiated
¢ A, Rh-negative Red Blood Cells
d A, Rh-negative Red Blood Cells, [rradiated

Laboratory studies of maternal and cord blood yield the following results:

Matarnal blood Cord blood

0. Rh-negative 8. Rh-positive

anti-E in serum DAT = 2+
anti-E in eluate

If exchange transfusion is necessary, the best choice of blood is:

a B, Rh-negative, E+
b B, Rh-positive, E+
¢ 0, Rh-negative, E-
d O, Rh-positive, E-

A blood specimen from a pregnant woman is found to be group B, Rh-negative and the serum
contains anti-D with a titer of 512. What would be the most appropriate type of blood to have
available for a possible exchange transfusion for her infant?

a O, Rh-negative
b O, Rh-positive
¢ B, Rh-negative
d B, Rh-positive

Blood selected for exchange transfusion must:

a lack red blood cell antigens corresponding to maternal antibodies
b be <3 days old

¢ be the same Rh type as the baby

d be ABO compatible with the father

When the main objective of an exchange transfusion is to remove the infant’s antibody-sensitized
red blood cells and to control hyperbilirubinemia, the blood product of choice is ABO compatible:

a Fresh Whole Blood

b Red Blood Cells (RBC) washed

¢ RBC suspended in Fresh Frozen Plasma
d heparinized Red Blood Cells
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143 To prevent praft-vs-host disease, Red Blood Cells prepared for infants who have received
intrauterine transfusions should be:

a saline-washed

b irradiated

¢ frozen and deglycerolized

d group- and Rh-compatible with the mother

144 Which of the following is the preferred specimen for the initial compatibility testing in exchange

ny transfusion therapy?

a maternal serum
b eluate prepared from infant's red blood cells
¢ paternal serum
d infant’s postexchange serum
145 Rh-Immune Globulin is requested for an Rh-negative mother whe has the following results:
D D control Weak D Weak D control
mother’'s postpartum sample: 0 0 14! 0

mf = mixed field

What is the most likely explanation?

a mother is a genetic weak D

b mother had a fetomaternal hemorrhage of D+ cells

¢ mother’s red cells are coated weakly with 1gG

d anti-D reagent is contaminated with an atypical antibody

146 The following results are seen on a maternal postpartum sample:

D D control Weak D Weak D control

mother's postpartum sample: 0 0 14 0

mf = mixed field

The most appropriate course of action is to:

a report the mother as Rh-negative

b report the mother as Rh-positive

¢ perform an elution on mother's RBCs

d investigate for a fetomaternal hemorrhage

147 What is the most appropriate interpretation for the laboratory data given below when an
Rh-negative woman has an Rh-positive child?

Rosette fetal screen using enzyme-treated D+ cells

mother's sample; 1 rosette/3 fields
positive control; 5 rosettes/3 fields
negative control: no rosettes observed

mother is not a candidate for Rhlg

mother needs 1 vial of Rhlg

mother needs 2 vials of Rhlig

the fetal-maternal hemorrhage needs to be quantitated

[-PL - o ]
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Refer to the following information:

Postpartum  anti-D Rh control Weak D Weak D control Rosette fetal screen
mother 0 0 + micro 0 20 rosattes/5 flelds

newborn 4+ 0 NT NT NT

NT = not tested

What is the best interpretation for the laboratory data given above?

a mother is Rh-positive

b mother is weak D+

¢ mother has had a fetal-maternal hemorrhage
d mother has a positive DAT

A weakly reactive anti-D is detected in a postpartum specimen from an Rh-negative woman.
During her prenatal period, all antibody screening tests were negative. These findings indicate:

a that she is a candidate for Rh immune globulin

b that she is mot a candidate for Rh immune globulin

¢ aneed for further investigation to determine candidacy for Rh immune globulm
d the presence of Rh-positive cells in her circulation

The results of a Kleihauer-Betke stain indicate a fetomaternal hemorrhage of 35 mL of whole
blood. How many vials of Rh immune globulin would be required?

fetomaternal hemorrhage of 35 mL of fetal Rh-positive packed RBCs has been detected in an
h-negative woman. How many vials of Rh immune globulin should be given?

0

a
b
c
d
A
R

LI -l

1
2
d 3

Criteria determining Rh immune globulin eligibility include:

a mother is Rh-positive

b infant is Rh-negative

¢ mother has not been previcusly immunized to the D antigen
d infant has a positive direct antiglobulin test

While performing routine postpartum testing for an Rh immune globulin (RhIG) candidate, a
weakly positive antibody screening test was found. Anti-D was identified. This antibody is most
likely the result of:

a massive fetomaternal hemorrhage occurring at the time of this delivery
b antenatal administration of Rh immune globulin at 28 weeks gestation
¢ contamination of the blood sample with Wharton jelly

d mother having a positive direct antiglobulin test

Rb immune globulin administration would not be indicated in an Rh-negative woman who has

a(n):

a first trimester abortion

b husband who is Rh-positive

¢ anti-D titer of 1:4,096

d positive direct antiglobulin test
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A Kleihauer-Betke stain of a postpartum blood film revealed 0.3% fetal cells. What is the
estimated volume (mL) of the fetomaternal hemorrhage expressed as whole blood?

a 5
b 15
c 25
d 35

Based upon Kleihauer-Betke test results, which of the following formulas is used to determine the
volume of fetomaternal hemorrhage expressed in mL of whole blood?

a % of fetal cells present x 30
b % of fetal cells present x 50
¢ % of maternal cells present x 30
d % of maternal cells present x 50

An acid elution stain was made using a 1-hour post-delivery maternal blood sample. Out of 2,000
cells that were counted, 30 of them appeared to contain fetal hemoglobin. [t is the policy of the
medical center to add 1 vial of Rh immune globulin to the calculated dose when the estimated
volume of the hemorrhage exceeds 20 mL of whole blood. Calculate the number of vials of Rh
immune globulin that would be indicated under these circumstances.

[-"a T - ]
[N N

The rosette test will detect a fetornaternal hemorrhage (FMH) as small as:

10 mL
15mL
20 mL
30 mL

- VIR A - ol ]

A 10 mL fetal maternal hemorrhage in an Rh-negative woman who delivered an Rh-positive baby
means that the:

mother’s antibody screen will be positive for anti-D
rosette test will be positive

maother is not a candidate for Rh immune globulin
mother should receive 2 doses of Rh immune globulin

[- TR - )

Mixed leukocyte culture (MLC) is a biological assay for detecting which of the following?

a HLA-A antigens
b HLA-B antigens
¢ HLA-D antigens
d immunoglobulins

A 40-year-old man with autoimmune hemolytic anemia due to anti-E has a hemoglobin level of

10.8 g/dL (108 g/L). This patient will most likely be treated with:

a Whole Blood

b Red Blood Cells

¢ Fresh Frozen Plasma
d no transfusion

A patient in the immediate post bone marrow transplant period has a hematocrit of 21%. The red
cell product of choice for this patient would be:

packed

saline washed
microaggregate filtered
irradiated

[~V I
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HLA antigen typing is important in screening for:

a ABO incompatibility
b akidney donor

¢ Rh incompatibility
d abloed donor

DR antigens in the HLA system are:

significant in organ transplantation

not detectable in the lymphocytotoxicity test
expressed on platelets

expressed on granulocytes

Bn g

| 165 Anti-E is identified in a panel at the antiglobulin phase. When check cells are added to the tubes,

no agglutination is seen. The most appropriate course of action would be to:

|- T o - o

quality control the AHG reagent and check cells and repeat the panel
open a new vial of check cells for subsequent testing that day

open a new vial of AHG for subsequent testing that day

record the check cell reactions and report the antibody panel result

30
yoas
yes
no

1+

Serology
166 A serological centrifuge is recalibrated for ABO testing after major repairs.
Mrs
| ONLY
| Time in seconds 15 20 25
is button delineated? yes yes yes
| is supernatant clear? no yas yes
| button easy to resuspend? yes yes yes
I: strength of reaction? +m 1+ 1+
il Given the data above, the centrifuge time for this machine should be:
a 15 seconds
b 20 seconds
€ 25 seconds
d 30 seconds
167

Which of the following represents an acceptably identified patient for sample collection

and transfusion?

a ahandwritten band with patient's name and hospital identification number is affixed to

the patient’s leg

b the addressographed hospital band is taped to the patient’s bed
¢ an unbanded patient responds positively when his name is called
d the chart transported with the patient contains his armband not yet attached
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Samples from the same patient were received on 2 consecutive days.
Test results are summarized below:

Day #1 Day #2
anti-A 4+ 0
anti-B 0 44+
anti-D 3+ 3+
A, cells 0 4+
B cells 4+ 0]
Ab screen 0 0

How should the request for crossmatch be handled?

a crossmatch A, Rh-positive units with sample from day 1
b crossmatch B, Rh-positive units with sample from day 2
¢ crossmatch AB, Rh-positive units with both samples

d collect a new sample and repeat the tests

The following test results are noted for a unit of blood labeled group A, Rh-negative:

Colls tested with:
anti-A  anti-B anti-D
a4 0 3+

What should be done next?

a transfuse as a group A, Rh-negative
b transfuse as a group A, Rh-positive
¢ notify the collecting facility

d discard the unit

What information is essential on patient blood sample labels drawn for compatibility testing?

bichazard sticker for AIDS patients
patient’s room number

unique patient medical number
phlebotomist initials

- VRN - ]

Granulocytes for transfusion should:

a be administered through a microaggregate filter

b be ABO compatible with the recipient’s serum

¢ be infused within 72 hours of collection

d never be transfused to patients with a history of febrile transfusion reactions

A neonate will be transfused for the first time with group O Red Blood Cells. Which of the
following is appropriate compatibility testing?

crossmatch with mother's serum

crossmatch with baby’s serum

no crossmatch is necessary if initial plasma screening is negative
no screening or crossmatching is necessary for neonates

=PRI - ol ]

A group B, Rh-negative patient has a positive DAT. Which of the following situations would occur?

a all major crossmatches would be incompatible
b the weak D test and control would be positive
¢ the antibody screening test would be positive
d the forward and reverse ABO groupings would not agree
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174 'The following reactions were obtained:

Cells testad with: Serum tested with:

anti-A anti-B anti-A B A, cells  Bcells

4+ 3+ 4+ 2+ 4+

The technologist washed the patient’s cells with saline, and repeated the forward typing. A saline
replacement technique was used with the reverse typing. The following results were obtained:

Cells testad with: Serum tested with:
anti-A  anti-B anti-A.B A, cells B cells
4+ 0 4+ 0 4+

The results are consistent with:

a acquired immunodeficiency disease
b Bruton agammaglobulinemia

¢ multiple myeloma

d acquired "B" antigen

175 What is the most likely cause of the following ABO discrepancy?

Patient's cells vs: Patient’s serum vs:
anti-A anti-8 A, cells B cells
0 0 0 0

recent transfusion with group O blood

antigen depression due to leukemia
false-negative cell typing due to rouleaux
obtained from a heel stick of a 2-month old baby

h oW

176 Which of the following patient data best reflects the discrepancy seen when a person's red cells
demonstrate the acquired-B phenotype?

Forward grouping Reversa grouping

patient A B C
patient B AB A
patient C 0 B
patient D B AB

a A

b B

c C

d D

177 Which of the following is characteristic of Tn polyagglutinable red cells?

if group O, they may appear to have acquired a group A antigen
they show strong reactions when the cells are enzyme-treated
they react with Arachis hypogaea lectin

the polyagglutination is a transient condition

[-"N - o ]

178 Mixed field agglutination encountered in ABO grouping with no history of transfusion would
most likely be due to:

a Bombay phenotype (Oy)

b T activation

¢ Ajredcells

d positive indirect antiglobulin test

179 Which of the following is a characteristic of polyagglutinable red cells?

can be classified by reactivity with Ulex europaeus
are agglutinated by most adult sera

are always an acquired condition

autocontrol is always positive

|- Vo - o )
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Consider the following ABO typing results:

Patient's cells vs: Patient's serum vs:
anti-A  anti-B Aqcells  Bcells
4+ 0 14 4+

Additional testing was performed using patient serum:

IS RT
screening cell | 1+ 2+
screening cell Il 1+ 2+
autocontrol 1+ 2+

What is the most likely cause of this discrepancy?
a A, with anti-A
b cold alloantibody

¢ cold autoantibody
d acquired-A phenomenon

Consider the following ABO typing results:

Patient's cells vs: Patient’s serum vs:
anti-A anti-B A celis B cells
44 0 1+ 4+

Additional testing was performed using patient serum:

1S RT
screening cell | 1+ 2+
screening cell It 1+ 2+
autocontrol 1+ 2+

What should be dene next?

a test serum against a panel of group O cells
b neutralization

¢ perform serum type at 37°C

d elution

The following results were obtained on a patient’s blood sample during routine ABO and
Rh testing:

Cell testing: Serum testing:
anti-A: o A, cells: A4
anti-B: 4+ B cells: 2+
anti-D: 0

autocontrol: O

Select the course of action to resolve this problem;

a draw a new blood sample from the patient and repeat all test procedures

b test the patient’s serum with A; cells and the patient’s red cells with anti-A, lectin
¢ repeat the ABO antigen grouping using 3x washed saline-suspended cells

d perform antibody screening procedure at immediate spin using group O cells

Which of the following explains an ABO discrepancy caused by problems with the patient’s red
blood cells?

a an unexpected antibody
b rouleaux

¢ agammaglobulinemia
d Tn activation
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The test for weak D is performed by incubating patient’s red cells with:

a several different dilutions of anti-D serum

b anti-D serum followed by washing and antiglobulin serum

¢ anti-DY serum

d antiglobulin serum

Refer to the following data:
Forward group: Reverse group:
anti-A anti-B  anti-A, lactin Ajcells  Ajcells Bcelis
4+ 0 4+ 0 2+ 4+

Which of the following antibody screen results would you expect with the ABO discrepancy
seen above?

a negative

b positive with all screen cells at the 37°C phase

¢ positive with all screen cells at the RT phase: autocontrol is negative
d positive with all screen cells and the autocontrol cells at the RT phase

‘The following results were obtained when testing a sample from a 20-year-old, first-time
blood donar: '

Forward group: Ravearse group:
anti-A anti-B A, cells B ceils
0 0 0 3+

What is the most likely cause of this ABO discrepancy?

a loss of antigen due to disease
b acquired B

¢ phenotype Oy, "Bombay”

d weak subgroup of A

A mother is Rh-negative and the father Rh-positive. Their baby is Rh-negative. It may be
concluded that:

the father is homozygous for D

the mother is heterozygous for D

the father is heterozygous for D

at least 1 of the 3 Rh typings must be incorrect

anogm

Some blood group antibodies characteristically hemolyze appropriate red cells in the presence of:

a complement

b anticoagulants

€ preservatives

d penicillin

Review the following schematic diagram:
PATIENT SERUM + REAGENT GROUP “O" CELLS

INCUBATE — READ FOR AGGLUTINATION
WASH — ADD AHG — AGGLUTINATION OBSERVED

The next step would be to:

a add “check cells” as a confirmatory measure
b identify the cause of the agglutination

¢ perform an elution technique

d perform a direct antiglobulin test
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The following results were obtained in pretransfusion testing:

37°C IAT
screening cell | 0 3+
screeningcellll 0 3+
autocontrol 4] 3+

The most probable cause of these results is:

a rouleaux

b awarm autoantibody
¢ acold autoantibody

d multiple alloantibodies

A patient is typed as group O, Rh-positive and crossmatched with 6 units of blood. At the indirect
antiglobulin (1AT) phase of testing, both antibody screening cells and 2 crossmatched units are
incompatible. What is the most likely cause of the incompatibility?

a recipient alloantibody

b recipient autoantibody

¢ donors have positive DATs
d rouleaux

Refer to the following data:

hemoglobin: 7.4 g/dL (74 g/L)
reticulocyte count:  22%

Direct Antigiobulin Test Ab Screen - 1AT
polyspecific: 3+ SCI: 3+
IgG: 3+ SCIl: 3+
C3: 0 auto: 3+

Which clinical condition is consistent with the lab results shown above?

a cold hemagglutinin disease

b warm autoimmune hemolytic anemia
¢ penicillin-induced hemolytic anemia

d delayed hemolytic transfusion reaction

A patient received 2 units of Red Blood Cells and had a delayed transfusion reaction.
Pretransfusion antibody screening records indicate no agglutination except after the addition of
1gG sensitized cells. Repeat testing of the pretransfusion specimen detected an antibody at the
antiglobulin phase. What is the most likely explanation for the original results?

a red cells were overwashed

b centrifugation time was prolonged

¢ patient’s serum was omitted from the original testing
d antiglobulin reagent was neutralized

At the indirect antiglobulin phase of testing, there is no agglutination between patient serum and
screening cells. One of 3 donor units was incompatible.

The most probable explanation for these findings is that the:

a patient has an antibody directed against a high incidence antigen
b patient has an antibody directed against a low incidence antigen
¢ donor has an antibody directed against donor cells

d donor has a positive antibody screen

The major crossmatch will detect a(n):

a group A patient mistyped as group O

b unexpected red cell antibody in the donor unit

¢ Rh-negative donor unit mislabeled as Rh-positive

& recipient antibody directed against antigens on the doner red cells
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A 42-year-old female is undergoing surgery tomorrow and her physician requests that 4 units of
Red Blood Cells be crossmatched. The following results were obtained:

IS 37°C IAT
screeming ceil | 0 0 0
screening cell | 0 0 0
screening cell Il 0 0 0
Crossmatch IS arc IAT
donor 1: 2+ 1+ 1+
donors 2,3.4: 0 0 0

What is the most likely cause of the incompatibility of donor 1?

a single alloantibody

b multiple alloantibodies

¢ Rh incompatibilities

d donor 1 has a positive DAT

Which of the following would most likely be responsible for an incompatible
antiglobulin crossmatch?

a recipient’s red cells possess a low frequency antigen
b anti-K antibody in donor serum

¢ recipient’s red cells are polyagglutinable

d donor red cells have a positive direct antiglobulin test
Ar

eason why a patient’s crossmatch may be incompatible while the antibody screen is negative is:

a the patient has an antibody against a high-incidence antigen

b the incompatible donor unit has a positive direct antiglobulin test
¢ cold agglutinins are interfering in the crossmatch

d the patient’s serum contains warm autoantibody

A blood specimen types as A, Rh-positive with a negative antibody screen. 6 units of group A,
Rh-positive Red Blood Cells were crossmatched and 1 unit was incompatible in the antiglobulin
phase. The same result was obtained when the test was repeated. Which should be done first?

a repeat the ABO grouping on the incompatible unit using a more sensitive technique
b test a panel of red cells that possesses low-incidence antigens

¢ perform a direct antiglobulin test on the donor unit

d obtain a new specimen and repeat the crossmatch

During emergency situations when there is no time to determine ABO group and Rh
type on a current sample for transfusion, the patient is known to be A, Rh-negative. The
technologist should:

refuse to release any blood until the patient’s sample has been typed
release A Rh-negative Red Blood Cells
release O Rh-negative Red Blood Cells
release O Rh-positive Red Blood Cells

A Te

A 29-year-old male is hemorrhaging severely. He is AB, Rh-negative. 6 units of blood are required
STAT. Of the following types available in the blood bank, which would be most preferable
for crossmatch?

a AB, Rh-positive
b A, Rh-negative
¢ A, Rh-positive
d O, Rh-negative
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A patient is group A;B, Rh-positive and has an antiglobulin- reacting anti-A; in his serum. Heis in
the operating room bleeding profusely and group A,B Red Blood Cells are not available. Which of
the following blood types is first choice for crossmatching?

a B, Rh-positive
b B, Rh-negative
¢ A;B, Rh-positive
d O, Rh-negative

A 10% red cell suspension in saline is used in a compatibility test. Which of the following would
most likely occur?

a false-positive result due to antigen excess
a false-positive result due to the prozone phenomenon
a false-negative result due to the prozone phenomenon
a false-negative result due to antigen excess

ah ok

A patient serum reacts with 2 of the 3 antibody screening cells at the AHG phase. 8 of the 10
units crossmatched were incompatible at the AHG phase. All reactions are markedly enhanced by
enzymes. These results are most consistent with:

anti-M
anti-E
anti-¢

anti-Fy*

an o

A patient received 4 units of blood 2 years previously and now has multiple antibodies. He has not
been transfused since that time. It would be most helpful to:

phenotype his cells to determine which additional alloantibodies may be produced
recommend the use of directed donors, which are more likely to be compatible

use proteolytic enzymes to destroy the “in vitro” activity of some of the antibodies
freeze the patient’s serum to use for antigen typing of compatible units

an e

Autoantibodies demonstrating blood group specificity in warm autoimmune hemolytic anemia
are associated more often with which blood group system?

a Rh
b1

c P
d Duffy

An antibody that causes in vitro hemolysis and reacts with the red cells of 3 out of ten
crossmatched donor units is most likely:

anti-Le®
anti-s
anti-k
anti-E

[- R I

A patient's serum reacted weakly positive (1+") with 16 of 16 group O panel cells at the AHG
test phase. The autocontrol was negative. Tests with ficin-treated panel cells demonstrated no
reactivity at the AHG phase. Which antibody is most likely responsible for these results?

anti-Ch
anti-k
anti-e
anti-JsP

fLnow
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209 An antibody identification study is performed with the 5-cell panel shown below:

Antigens

1 2

- | + 0

g n 0 0
-3

2 in 0 +

= IV 0 +
@

v + +

=3

+ O +

[}

+
Q

auto

Test results

(== .

An antibody against which of the following antigens could net be excluded?

al
b 2
¢ 3
d 4

210 A 25-year-old Caucasian woman, gravida 3, para 2, required 2 units of Red Blood Cells.

MI%

omiy The antibody screen was positive and the results of the antibody panel are shown below:

Cell D C ¢

+ + 0
2 + + 0
3 + 0 +
4 + + +
5 0 0 +
-] 0 0 +
7 0 1] +
8 Q o] +

o o m

o o +

EM = enhancement medla

Which of the following antibodies may be the cause of the positive antibody screen?

a anti-M and anti-K
b anti-c and anti-E

¢ anti-Jk* and anti-¢

& anti-P, and anti-c
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Jk?

+

JKE

+

Le? LeP M
0 + +
0 + +
0 + +
0 + +
0 +
+ 0 +
+ 0 +
0 + 0

O o + © + Z

+

EM
P, 37°C
+ 0

0
+ 0
+ 0
0 0
0 0
+ 0
+ 1]
auto 0

AHG
0]

0

1+
1+
1+

1+

1+



1: Blood Bank | Serology Questions

211

MLS
ONLY

212

213

214

MLy
QNLY

A 25-year-old Caucasian woman, gravida 3, para 2, required 2 units of Red Blood Cells,
The antibody screen was positive and the results of the antibody panel are shown below:

EM

Cell D C ¢ E e K Jk® JkP Le® Leb M N Py 37°C AHG
1 + + 0 o + + + + 0 + + + + 0 0
2 + + 0 0 + 0 + 0 0 + + 0 0 0 0
3 + 0 + o+ 0 0o+ + 0 + + + + 0 1+
4 + + + 0 + 0 D + 0 + + 0 + 0 1+
] o 0 + 0 + 0 + + 0 + + 0 0 0 1+
6 0 + + + 0 + 0 + 0 + + 0 0 T+
7 C 0 + 0 4+ + + + + 0 + + + 0 14
8 0 0 + 0 + 0 0 + 0 + 0 + + 0 1+

auto 0 0

EM = enhancement media

Which common antibody has not been ruled out by the panel?
a anti-C

b anti-Le"

¢ anti-Jk?

d anti-E

In the process of identifying an antibody, the technologist observed 2+ reactions with 3 of the 10
cells in a panel after the immediate spin phase. There was no reactivity after incubation at 37°C
and after the anti-human globulin test phase. The antibody most likely is:

anti-P1
anti-Le?
anti-C
anti-Fy?

i TP

Transfusion of Ch+ (Chido-positive) red cells to a patient with anti-Ch has been reported to cause:

a no clinically significant red cell destruction

b clinically significant immune red cell destruction
¢ decreased “1Cr red cell survivals

d febrile transfusion reactions

Results of a serum sample tested against a panel of reagent red cells gives presumptive evidence
of an alloantibody directed against a high incidence antigen. Further investigation to confirm
the specificity should include which of the following?

serum testing against red cells from random donors

serum testing against red cells known to lack high incidence antigens
serum testing against enzyme-treated autologous red cells

testing of an eluate prepared from the patient’s red cells

- "R B - o ]
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215 Refer to the following data:

Forward group: Reversa group:
anti-A antl-B  anti-A; lectin Ay cells A, cells B cells i
44 0 4+ o] 2+ 4+

The ABO discrepancy seen above is most likely due to:

a anti-A,

b rouleaux

¢ anti-H

d unexpected [gG antibody present

216 Refer to the following panel:

EM

Cell D C ¢ E e K Jk* Jk® Le* Le®P M N P, 37°C AHG
1 + + 0 0 + + + + 0 + + + + 1] 24+
2 + + 0 0 + 0O + 0 0+ + 0 0 ¢ 3+
3 + 0+ + 0 0O o« + 0+ + o+ 4 1+ © 3+
4 + + + 0 + 0 0 + 0 + + 0 + 0
5 0 0 + 0 + 0 + + 0 + + 0 0 2+
6 0 0 + + + 0 + 0 + 0 + + 0 1+ 3+
7 0 0 + 0 + + + + + 0 + + + 0 24
8 0 0 + + 0 0 + 0 + 0 + + 0 o

auto 0 t]

EM = enhancement media

Based on the results of the above panel, the most likely antibodies are:

a anti-M and anti-K

b anti-E, anti-Jk* and anti-K
¢ anti-Jk*and anti-M

d anti-E and anti-LeP

217 Which characteristics are true of all 3 of the following antibodies: anti-Fy*, anti-Jk”, and anti-K?

a detected at TAT phase and may cause hemolytic disease of the fetus and newborn (HDFN) and
transfusion reactions

not detected with enzyme treated cells; may cause delayed transfusion reactions

requires the [AT technique for detection; usually not responsible for causing HDFN

may show dosage effect; may cause severe hemolytic transfusion reactions

[-"Na i - o
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311-.58 Refer to the following cell panel:
ONLY
Enzymes

Cell D C ¢ E e K Jk* Jk° Le® Leb M N P, AHG AHG

1 + + 0 + o+ o+ + 0 + + o+ o+ 3+ 4+

2 + + 0 0 + 0 4 o 0 + + 0 0 3+ 44

3 + 0 + + 0 0 + + 0 4 + o+ o+ 0 0

4 + 4+ 4+ 0 s+ 0 0 + 0 + + 0+ 2+ I+

5 0 0 + 0 + 0 + 4+ 0 « 0 0 0 0

6 0 0 + + + 0 4 0 + 0 + + 0 0 0

7 6 0 + 0 + + 4+ + + 0 + o+ o+ 0 0

8 0 0 + 0 + 0 0O + 0 + 0 + 4+ ] 0

auto 0 0

219 Apregnant woman has a positive antibody screen and the panel results

MK
DNLY

220

Based on these results, which of the following antibodies is most likely present?

a anti-C
b anti-E
€ anti-D
d anti-K

Cel D C ¢ E

1 + + 0 0 + + +
2 + + D 0 + 0 4
3 + 0 + + 0 0 «+
4 + + + 0 + 0 0
5 0 0 + 0 + 0 =«
6 0 0 + + + 0O
7 0 0 + 0 + + +
8 0 0 + + 0D 0

EM = enhancement media

+
0

+

0

L= 4 +

o O 4

e K Jk&@ Jk® Fy® Fyb

+

0

+ © + +

o

Le® Lebt M
0 + +
0 + +
0 + +
0 + +
0 + +
+ 4] +
+ 0 +
0 + 0

N Py
+ 4+
0 0
+ o+
0 «+
0 o
+ 0
+ o+
+ o+
auto

are given below:

EM Enzyme
37°C AHG AHG
0 0 0

1+ 2+ 0

0 1+ 0

0 0 0

0 1+ 0

0 0 0

0 0 0

1+ 24+ 0

0 0 0

What is the association of the antibody(ies) with hemolytic disease of the newborn (HDN)?

a usually fatal HDFN
b may cause HDEN
¢ is not associated with HDEN

d HDFN cannot be determined

Which of the following tests is most commonly used to detect antibodies attached to a patient’s

red blood cells in vivo?

direct antiglobulin

complement fixation
indirect antiglobulin
immunofluorescence

RN Te
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221 Anti-l may cause a positive direct antiglobulin test (DAT) because of:

222

MILY
ONLY

223

224

225

226

227

228

MLS
ONLY

a anti-[ agglutinating the cells

b C3d bound to the red cells

€ T-activation

d C3c remaining on the red cells after cleavage of C3b

Which direct antiglobulin test results are associated with an anamnestic antibody response in a
recently transfused patient?
Test result Polyspecific IgG C3 Control
result A +mt +mt 0 0
rasult B 1+ 0 1+ 0
result C 2+ 2+ 0 0
result D 4+ 4+ 4+ 0
mi=mixad field
a result A
b result B
¢ result C
d resultD

[n the direct (DAT) and indirect (IAT) antiglobulin tests, false-negative reactions may result if the:

a patient’s blood specimen was contaminated with bacteria

b patient’s blood specimen was collected into tubes containing silicon gel

¢ saline used for washing the serum/cell mixture has been stored in glass or metal containers
d addition of AHG is delayed for 40 minutes or more after washing the serum/cell mixture

Polyspecific reagents used in the direct antiglobulin test should have specificity for:

a lgGandIgA
b IgGand C3d
¢ I[gMandIgA

d [gM and C3d
In the direct antiglobulin test, the antiglobulin reagent is used to:

a mediate hemolysis of indicator red blood cells by providing complement
b precipitate anti-erythrocyte antibodies

¢ measure antibodies in a test serum by fixing complement

d detect preexisting antibodies on erythrocytes

AHG {Coombs) control cells:

can be used as a positive control for anti-C3 reagents

can be used only for the indirect antiglobulin test

are coated only with IgG antibody

must be used to confirm all positive antiglobulin reactions

[- N )

A 56-year-old female with cold agglutinin disease has a positive direct antiglobulin test (DAT).
When the DAT is repeated using monospecific antiglobulin sera, which of the following is most
likely to be detected?

a [gM
b IgG
¢ C3d
d C4a

The mechanism that best explains hemolytic anemia due to penicillin is:

a drug-dependent antibodies reacting with drug-treated cells
b drug-dependent antibodies reacting in the presence of drug
¢ drug-independent with autoantibody production

d nonimmunologic protein adsorption with positive DAT
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230

231
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233

234

235

236

Use of EDTA plasma prevents activation of the classical complement pathway by:

a causing rapid decay of complement components

b chelating Mg** ions, which prevents the assembly of C6

c chelating Ca*’ ions, which prevents assembly of C1

d preventing chemotaxis

Which of the following medications is most likely to cause production of autoantibodies?
a penicillin

b cephalothin

¢ methyldopa

d tetracycline

Serological results on an untransfused patient were:

antibody screen: negative at AHG
direct antiglobulin test: 3+ with anti-C3d
eluate: negative

These results are most likely due to:

a warm autoimmune hemolytic anemia
b cold agglutinin syndrome

¢ paroxysmal cold hemoglobinura

d druginduced hemolytic anemia

The drug cephalosporin can cause a positive direct antiglobulin test with hemolysis by which of
the following mechanisms?

a drug-dependent antibodies reacting with drug-treated cells
b drug-dependent antibodies reacting in the presence of a drug
¢ drug-independent with autoantibody production

d nonimmunologic protein adsorption with positive DAT

Crossmatch results at the antiglobulin phase were negative. When 1 drop of check cells was added,
no agglutination was seen. The maost likely explanation is that the:

red cells were overwashed

centrifuge speed was set too high

residual patient serum inactivated the AHG reagent
laboratorian did not add enough check cells

|-V - ]

Which of the following might cause a false-negative indirect antiglobulin test (1AT)?

over-reading

1gG-coated screening cells
addition of an extra drop of serum
too heavy a cell suspension

- PR - ]

The purpose of testing with anti-A,B is to detect:

anti-A,
anti-A,
subgroups of A
subgroups of B

o Te

What is the most appropriate diluent for preparing a solution of 8% bovine albumin for a red cell
control reagent?

a deicnized water
b distilled water
¢ normal saline
d Alsever solution
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Which of the following antigens gives enhanced reactions with its corresponding antibody
following treatment of the red ceils with proteolytic enzymes?

a Fy?

b E

c S

d M

In a prenatal workup, the following results were obtained:
Forward Group: Revarse Group:
anti-A  anti-B anti-D  Rh control A, celis Bcaells
4+ 2+ 4+ 0 Q 3+
DAT. negative

antibody screen:  negative

ABO discrepancy was thought to be due to an antibody directed against a component of the
typing sera. Which test would resolve this discrepancy?

a A lectin

b wash patient’s RBCs and repeat testing

¢ anti-A,B and extend incubation of the reverse group
d repeat reverse group using A, cells

Refer to the following panel:

EM
Ceil D c c E e K Jk* JkP  Fy® Fy® 37°C AHG

1 + + 0 0 + + + + + + 0 2+
2 + + 0 0 + aQ + 0 + + 0 2+
3 + 0 + + 0 0 0 + + + 1+ 3+
4 + + 0 0 + 0 0 + 0 + 0 0
5 0 0 + 0 + 0 + + + + 0 2+
6 0 0 + + + 0 + 0 + 0 1+ 3+
7 a 0 + 0 + + 0 + + o 0 2+
8 0 0 + a + 0 0 + 0 + 0 0
auto 0 0

EM = enhancement media

Based on the results of the above panel, which technique would be most helpful in determining
antibody specificity?

a proteolytic enzyme treatment

b urine neutralization

¢ autoadsorption

d saliva inhibition

Of the following, the most useful technique(s) in the identification and classification of high-titer,
low-avidity (HTLA) antibodies is/are:

reagent red cell panels
adsorption and elution
titration and inhibition
cold autoadsorption

[- PR I - g
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To confirm a serum antibody specificity identified as anti-Pq, a neutralization study was
performed and the following results obtained:

P+ RBCs
serum + P, substance: negative
serum + saline: negative

What conclusion can be made from these results?

a anti-P; is confirmed

b anti-P; is ruled out

¢ asecond antibody is suspected due to the results of the negative control
d anti-Py canmot be confirmed due to the results of the nepative control

What happens to an antibody in neutralization study when a soluble antigen is added to the test?
a inhibition

b dilution

¢ complement fixation

d hemolysis

To confirm the specificity of anti-Le", an inhibition study using Lewis substance was performed
with the following results:

Le(b+) cells
tubes with patient serum + Lewis substance: 0
tubes with patient serum + saline control: +

What conclusion can be made from these results?

a asecond antibody is suspected due to the positive control

b anti-Le" is confirmed because the tubes with Lewis substance are negative

¢ anti-Le" is not confirmed because the tubes with Lewis substance are negative
d anti-Le" cannot be confirmed because the saline positive is control

Which of the following is the correct interpretation of this saliva neutralization testing?

Indicator cells

Sample A B O
saliva plus anti-A: + 0 0
saliva plus anti-B: 0 + 0
saliva plus anti-H: 0 0 0

group A secretor
group B secretor
group AB secretor
group O secretor

[-"RL I -

A person’s saliva incubated with the following antibodies and tested with the appropriate A, O,
and B indicator cells, gives the following test results:

Antibody specificity Test results
anti-A reactive
anti-B inhibited
anti-H inhibited

The person'’s red cells ABO phenotype is:

a A
b AB
c B
d O
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251
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An antibody screen performed using solid phase technology revealed a diffuse layer of red blood
cells on the bottom of the well. These results indicate:

a a positive reaction

b a negative reaction

¢ serum was not added

d red cells have a positive direct antiglobulin test

On Monday, a patient's K antigen typing result was positive. Two days later, the patient’s K typing
was negative. The patient was transfused with 2 units of Fresh Frozen Plasma. The tech might
conclude that the:

transfusion of FFP affected the K typing
wrong patient was drawn

results are normal

anti-K reagent was omitted on Monday

an o

Which one of the following is an indicator of polyagglutination?

a RBCs typing as weak D+

b presence of red cell autoantibody

¢ decreased serum bilirubin

d agglutination with normal adult ABO compatible sera

While performing an antibody screen, a test reaction is suspected to be rouleaux. A saline
replacement test is performed and the reaction remains. What is the best interpretation?

original reaction of rouleaux is confirmed
replacement test is invalid and should be repeated
original reaction was due to true agglutination
antibody screen is negative

an oe

A 10-year-old girl was hospitalized because her urine had a distinct red color. The patient had
recently recovered from an upper respiratory infection and appeared very pale and lethargic. Tests
were performed with the following results:

hamoglobin: § g/dl. {50 g/L)

reticulocyte count: 15%

DAT: waak reactivity with poly-specific and anti-C3d; anti-IlgG was negative
antibody screen: negative

Donath-Landsteiner test: positive; P- cells showad no hemolysis

The patient probably has:

a paroxysmal cold hemoglobinuria (PCH)

b paroxysmal nocturnal hemoglobinuria (PNH)

¢ warm autoimmune hemolytic anemia

d hereditary erythroblastic multinuclearity with a positive acidified serum test (HEMPAS)

Which of the following is useful for removing IgG from red blood cells with a positive DAT to
perform a phenotype?

a bromelin
b chloroquine
¢ LISS

d DTT

A patient’s serum contains a mixture of antibodies. One of the antibadies is identified as anti-D.
Anti-Jk?, anti-Fy? and possibly another antibody are present. What technique(s) may be helpful to
identify the other antibody(ies)?

a enzyme panel; select cell panel

b thiol reagents

¢ lowering the pH and increasing the incubation time

d using albumin as an enhancement media in combination with selective adsorption
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253 A sample gives the following results:

Cells with: Serum with:
anti-A 3+ Aqjcells 2+
anti-B 4+ B cells 0

Which lectin should be used first to resolve this discrepancy?

a Ulex europaeus
b Arachis hypogaea
¢ Doliches biflorus
d Vicia graminea

254 The serum of a group O, Cde/Cde donor contains anti-D. In order to prepare a suitable
anti-D reagent from this donor's serum, which of the following cells would be suitable for
the adsorption?

a group O, cde/cde cells

b group O, Cde/cde cells

¢ group A;B, CDe/cde cells
d group AB, cde/cde cells

255 A 26-year-ald female is admitted with anemia of undetermined origin. Blood samples are received
with a crossmatch request for 6 units of Red Blood Cells. The patient is group A, Rh-negative
and has no history of transfusion or pregnancy. The following results were obtained in
pretransfusion testing:

256

Ml
ONLY

257
MLS
ONLY

258

IS arc IAT
screening cell i 0 0 3+
screening cell Il 0 0 3+
autocontrol 0 0 3+
all 6 donors 0 0 3+

‘The best way to find compatible blood is to:

a do an antibody identification panel
b use the saline replacement technique
¢ use the pre-warm technique

d perform a warm autoadsorption

A patient's serum was reactive 2+ in the antiglobulin phase of testing with all cells on a routine
panel including their own. Transfusion was performed 6 months previously. The optimal
adsorption method to remove the autoantibody is:

autoadsorption using the patient’s ZZAP-treated red cells
autoadsorption using the patient’s LISS-treated red cells
adsorption using enzyme-treated red cells from a normal donor
adsorption using methyldopa-treated red cells

Lt e

In a cold autoadsorption procedure, pretreatment of the patient's red cells with which of the
following reagents is helpful?

a ficin

b phosphate-buffered saline at pH 9.0
¢ low ionic strength saline (LISS)

d albumin

The process of separation of antibody from its antigen is known as:

diffusion
adsorption
neutralization
elution

ol

o "
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259 Which of the following is most helpful to confirm a weak ABO subgroup?
MLS

ONLY

260

a adsorption-elution

b neutralization

¢ testing with Al lectin
d use of anti-A,B

One of the most effective methods for the elution of warm autoantibodies from RBCs utilizes:

a 10% sucrose

b LISS

¢ change in pH
d distilled water

Transfusion Practice

261

262

263
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How would the hematocrit of a patient with chronic anemia be affected by the transfusion of a
unit of Whole Blood containing 475 mL of blood, vs 2 units of Red Blood Cells each with a total
volume of 250 mL? :

a patient's hematocrit would be equally affected by the Whole Blood or the Red Blood Cells
b Red Blood Cells would provide twice the increment in hermatocrit as the Whole Blood
¢ Whole Blood would provide twice the increment in hematocrit as the Red Blood Cells
d Whole Blood would provide a change in hematocrit slightly less than the Red Blood Cells

After checking the inventory, it was noted that there were no units on the shelf marked “May
Issue as Uncrossmatched: For Emergency Only.” Which of the following should be placed on
this shelf?

1 unit of each of the ABO blood groups

units of group O, Rh-positive Whole Blood
units of group O, Rh-negative Red Blood Cells
any units that are expiring at midnight

B XN

The primary indication for granulocyte transfusion is:

prophylactic treatment for infection

additional supportive therapy in those patients who are responsive to antibiotic therapy
clinical situations where bone marrow recovery is not anticipated

severe neutropenia with an infection that is nonresponsive to antibiotic therapy

- R - ol

A 42-year-old male of average body mass has a history of chrenic anemia requiring transfusion
support. Two units of Red Blood Cells are transfused. [f the pretransfusion hemoglobin
was 7.0 g/dL (70 g/L), the expected posttransfusion hemoglobin concentration should be:

a B.0g/dL(80g/L)
b 9.0g/dL{(90g/L)
¢ 10.0 g/dL (100 g/L)
d 11.0g/dL (110 g/L)

How many units of Red Blood Cells are required to raise the hematocrit of a 70 kg nonbleeding
man from 24% to 30%?

-V I - o
U VI N
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For which of the following transfusion candidates would CMV-seronegative blood be most
likely indicated?

a renal dialysis patients

b sickle cell patient

¢ bone marrow and hematopoietic cell transplant recipients
d CMV-seropositive patients

Although ABO compatibility is preferred, ABO incompatible product may be administered
when transfusing;

a Single-Donor Plasma
b Cryoprecipitated AHF
¢ Fresh Frozen Plasma
d Granulocytes

Transfusion of plateletpheresis products from HLA-compatible donors is the preferred
treatment for:

recently diagnosed cases of TTP with severe thrombocytopenia

acute leukemia in relapse with neutropenia, thrombocytopenia and sepsis

immune thrombocytopenic purpura

severely thrombocytopenic patients, known to be refractory to random donor platelets

- " - ]

Washed Red Blood Cells are indicated in which of the following situations?

an IgA-deficient patient with a history of transfusion-associated anaphylaxis
a pregnant woman with a history of hemolytic disease of the newborn

a patient with a positive DAT and red cell autoantibody

a newhorn with a hematocrit of <30%

an o

Which of the following is consistent with standard blood bank procedure governing the infusion
of fresh frozen plasma?

a only blood group-specific plasma may be administered

b group O may be administered to recipients of all blood groups
¢ group AB may be administered to AB recipients only

d group A may be administered to both A and O recipients

A patient who is group AB, Rh-negative needs 2 units of Fresh Frozen Plasma. Which of the
following units of plasma would be most acceptable for transfusion?

a group O, Rh-negative
b group A, Rh-negative
¢ group B, Rh-positive

d group AB, Rh-positive

What increment of platelets/ul (platelets/L), in the typical 70-kg human, is expected to result
from each single unit of Platelets transfused to a non-HLA-sensitized recipient?

a 3,000- 5,000
b 5,000-10,000
< 20,000-25,000
d 25,000-30,000

Platelet transfusions are of most value in treating:

a hemolytic transfusion reaction

b posttransfusion purpura

¢ functional platelet abnormalities

d immune thrombocytopenic purpura
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274 Washed Red Blood Cells would be the product of choice for a patient with:
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a multiple red cell alloantibodies
b anincreased risk of hepatitis infection
<

warm autoimmune hemolytic anemic
d anti-IgA antibodies

A patient received about 15 mi of compatible blood and developed severe shock, but no fever. [f
the patient needs another transfusion, what kind of red blood cell compaonent should be given?

a Red Blood Cells

b Red Blood Cells, Washed

¢ Red Blood Cells, [rradiated

d Red Blood Cells, Leukocyte-Reduced

Fresh Frozen Plasma from a group A, Rh-positive donor may be safely transfused to a patient who
is group:

a A, Rh-negative
b B, Rh-negative
¢ AB, Rh-positive
d AB, Rh-negative

A patient admitted to the trauma unit requires emergency release of Fresh Frozen Plasma (FFP).
His blood donor card states that he is group AB, Rh-positive. Which of the following bleed groups
of FFP should be issued?

a A
b B
¢ AB
d 0

Fresh Frozen Plasma:

a contains all labile coagulative factors except cryoprecipitated AHF
b has a higher risk of transmitting hepatitis than does Whole Blood
¢ should be transfused within 24 hours of thawing

d need not be ABO-compatible

Ten units of group A platelets were transfused to a group AB patient. The pretransfusion platelet
count was 12 x 10%/pL (12 x 10%/L) and the posttransfusion count was 18 x 10°/pL (18 x 10/L).
From this information, the laboratorian would most likely conclude that the patient:

a needs group AB platelets to be effective

b clinical data does not suggest a need for platelets

¢ has developed antibodies to the transfused platelets
d should receive irradiated platelets

Hypotension, nausea, flushing, fever and chills are symptoms of which of the following
transfusion reactions?

a allergic

b circulatory overload
¢ hemolytic

d anaphylactic

A patient has become refractory to platelet transfusion. Which of the following are
probable causes?

a transfusion of Rh-incompatible platelets

b decreased pH af the platelets

¢ development of an alloantibody with anti-D specificity
d development of antibodies to HLA antigen
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A poor increment in the platelet count 1 hour following platelet transfusion is most commonly
caused by:

a splenomegaly

b alloimmunization to HLA antigens

¢ disseminated intravascular coagulation
d defective platelets

Posttransfusion purpura is usually caused by:

anti-A

white cell antibodies
anti-HPA-1a (PI*)
platelet wash-out

- TN -

An unexplained fall in hemoglobin and mild jaundice in a patient transfused with Red Blood Cells
1 week previously would most likely indicate:

a paroxysmal nocturnal hemoglobinuria
b posttransfusion hepatitis infection

¢ presence of HLA antibodies

d delayed hemolytic transfusion reaction

In a delayed transfusion reaction, the causative antibody is generally too weak to be detected in
routine compatibility testing and antibody screening tests, but is typically detectable at what
point after transfusion?

a 3-6hours

b 3-7 days

¢ 60-90 days

d after 120 days

The most serious hemolytic transfusion reactions are due to incompatibility in which of
the following blood group systems?

a ABO
b Rh
¢ MN
d Duffy

Severe intravascular hemolysis is most likely caused by antibodies of which blood group system?

a ABO
b Rh

¢ Kell -
d Duffy

Which of the following blood group systems is most commonly associated with delayed hemolytic
transfusion reactions?

a Lewis
b Kidd
¢ MNS
d )

After receiving a unit of Red Blood Cells, a patient immediately developed flushing, nervousness,
fever spike of 102°F (38.9°C), shaking, chills and back pain. The plasma hemoglobin was elevated
and there was hemoglobinuria. Laboratory investigation of this adverse reaction would most
likely show:

a an error in ABO grouping

b anerrorin Rh typing

¢ presence of anti-Fy* antibody in patient’s serum
d presence of gram-negative bacteria in blood bag
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A trauma patient who has just received ten units of blood may develop:

a anemia

b polycythemia

¢ leukocytosis

d thrombocytopenia

Five days after transfusion, a patient becomes mildly jaundiced and experiences a drop in
hemoglobin and hematocrit with no apparent hemorrhage. Below are the results of the
transfusion reaction workup:

anti-A  anti-8 anti-D A, calls B cells Ab screen DAT

patient

pretransfusion neg 4+ 3+ 4+ neg neg neg
patient

posttransfusion neg 4+ 3+ 4+ nag 1+ 1+
donor #1 neg neg 3+ 4+ 44 neg

donor #2 neg 4+ 3+ 4+ neg neg

In order to reach a conclusion, the technician should first:

a retype the pre- and posttransfusion patient samples and donor #1
b request an EDTA tube be drawn on the patient and repeat the DAT
¢ repeat the pretransfusion antibody screen on the patient’s sample
d identify the antibody in the serum and eluate from the posttransfusion sample

The most appropriate laboratory test for early detection of acute posttransfusion hemolysis is:

a visual inspection for free plasma hemoglobin
plasma haptoglobin concentration
examination for hematuria

serum bilirubin concentration

[- PRI )

During initial investigation of a suspected hemolytic transfusion reaction, it was observed that
the posttransfusion serum was yellow in color and the direct antiglobulin test was negative.
Repeat ABO typing on the posttransfusion sample confirmed the pretransfusion results. What is
the next step in this investigation?

repeat compatibility testing on suspected unit(s)

perform plasma hemoglobin and haptoglobin determinations
use enhancement media to repeat the antibody screen

no further serological testing is necessary

-V LI - g )

Which of the following transfusion reactions is characterized by high fever, shock,
hemoglobinuria, DIC and renal failure?

a bacterial contamination
b circulatory overload

c febrile

d anaphylactic

Hemoglobinuria, hypotension and generalized bleeding are symptoms of which of the following
transfusion reactions?

a allergic

b circulatory overlead
¢ hemolytic

d anaphylactic

46 The Board of Certification Study Guide



1: Blood Bank | Transfusion Practice Questions

296 When evaluating a suspected transfusion reaction, which of the following is the ideal sample
collection time for a bilirubin determination?

a 6 hours posttransfusion
b 12 hours posttransfusion
€ 24 hours posttransfusion
d 48 hours posttransfusion

297 A patient’s record shows a previous anti-JkP, but the current antibody screen is negative.
What further testing should be done before transfusion?

a phenotype the patient’s red cells for the JkP antigen

b perform a cell panel on the patient’s serum

¢ crossmatch type specific units and release only compatible units for transfusion
d give Jk® negative crossmatch compatible blood

298 A posttransfusion blood sample from a patient experiencing chills and fever shows distinct
hemolysis. The direct antiglobulin test is positive (mixed field). What would be most helpful
to determine the cause of the reaction?

auto contro}

elution and antibody identification
repeat antibody screen on the donor unit
bacteriologic smear and culture

BN Te

299 A patient is readmitted to the hospital with a hemoglobin level of 7 g/dL (70 g/L) 3 weeks after
receiving 2 units of red cells. The initial serological tests are:

ABO/Rh: A+
‘ antibody screen:  negative
DAT. 1+ mixed field

Which test should be performed next?

a antibody identification panel on the patient’s serum

b repeat the ABO type on the donor units

¢ perform an elution and identify the antibody in the eluate
d crossmatch the post reaction serum with the 3 donor units

300 In a delayed hemolytic transfusion reaction, the direct antiglobulin test is typically:

a negative
b mixed-field positive
€ positive due to complement
d negative when the antibody screen is negative
' 301 A patient has had massive trauma involving replacement of 1 blood volume with Red Blood
iy Cells and crystalloid. She is currently experiencing oozing from mucous membranes and surgical
incisions. Laboratory values are as follows:

PT: normal

APTT: normal

bleeding time: prolonged

platelet count: 20 x 103/l (20 x 10%L)
hemoglobin: 11.4 g/dL (114 g/L)

What is the blood component of choice for this patient?
a Platelets

b Cryoprecipitated AHF

¢ Fresh Frozen Plasma

d Prothrombin Complex
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302 For a patient who has suffered an acute hemolytic transfusion reaction, the primary treatment

303

304

305

306

307

308

309

goal should be to:

a prevent alloimmunization

b diminish chills and fever

¢ prevent hemoglobinemia

d reverse hypotension and minimize renal damage

A patient multiply transfused with Red Blood Cells developed a headache, nausea, fever and chills

during his last transfusion. What component is most appropriate to prevent this reaction in
the future?

a Red Blood Celis

b Red Blood Cells, [rradiated

¢ Red Blood Cells, Leukocyte-Reduced

d Red Blood Cells selected as CMV-reduced-risk

The use of Leukocyte-Reduced Red Blood Cells and Platelets is indicated for which of the following
patient groups?

a CMV-geropositive postpartum mothers

b victims of acute trauma with massive bleeding

¢ patients with history of febrile transfusion reactions
d burn victims with anemia and low serum protein

Leukocyte-Poor Red Blood Cells would most likely be indicated for patients with a history of:

a febrile transfusion reaction
b iron deficiency anemia

¢ hemophilia A

d von Willebrand disease

Posttransfusion anaphylactic reactions occur most often in patients with:

a leukocyte antibodies
b erythrocyte antibodies
¢ lgA deficiency

d Factor VIII deficiency

Which of the following transfusion reactions occurs after infusion of only a few milliliters of blood
and gives no history of fever?

a febrile

b circulatory overload
¢ anaphylactic

d hemolytic

Fever and chills are symptoms of which of the following transfusion reactions?

citrate toxicity '
circulatory overload

allergic

febrile

[-SLL - o ]

Hives and itching are symptoms of which of the following transfusion reactions?
a febrile

b allergic

¢ circulatory overload

d bacterial

48 The Board of Certification Study Guide
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310 A temperature rise of 1°C or more occurring in association with a transfusion, with no

31

312

313

ML
ONLY

314

ML
ONLY

315

316

abnormal results in the transfusion reaction investigation, usually indicates which of the
following reactions?

a febrile

b circulatory overload
¢ hemolytic

d anaphylactic

A 65-year-old woman experienced shaking, chills, and a fever of 102°F (38.9°C) approximately 40
minutes following the transfusion of a second unit of Red Blood Cells. The most likely explanation
for the patient’s symptoms is:

transfusion of bacterially contaminated blood
congestive heart failure

anaphylactic transfusion reaction

febrile transfusion reaction

|-"Ra N - ]

A sickle cell patient who has been multiply transfused experiences fever and chills after receiving a
unit of Red Blood Cells. Transfusion investigation studies show:

DAT: negative
plasma hemolysis: no hemolysis observed

The patient is most likely reacting to:
a IgA

b plasma protein

c redcells

d white cells or cytokines

Use of only male donors as a source of plasma intended for transfusion is advocated to reduce
which type of reaction?

allergic

TRALI

hemolytic

TACO (circulatory overload)

[- P - o]

Platelets are ordered for a patient who has a history of febrile reactions following red cell
transfusions. What should be done to reduce the risk of another febrile reaction?

a pretransfusion administration of Benadryl®
b transfuse Irradiated Platelets

¢ give Platelets from lgA-deficient donors

d give Leukocyte-Reduced Platelets

Symptoms of dyspnea, cough, hypoxemia, and pulmonary edema within 6 hours of transfusion is
most likely which type of reaction?

a anaphylactic
b hemolytic
¢ febrile

d TRALI

A patient with a coagulopathy was transfused with FP24 (plasma frozen within 24 hours of
collection). After infusion of 15 mL, the patient experienced hypotension, shock, chest pain and
difficulty in breathing. The most likely cause of the reaction is:

a anti-IgA

b bacterial contamination
¢ intravascular hemolysis
d leukoagglutinins
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317 To prevent febrile transfusion reactions, which Red Blood Cell product should be transfused?

318

319

320

321

322

323

324

a Red Blood Cells, Irradiated

b CMV-negative Red Blood Cells

¢ Red Blood Cells, Leukocyte-Reduced
d IgA-deficient donor blood

During the issue of an autologous unit of Whole Blood, the supernatant plasma is observed to be
dark red in color. What would be the best course of action?

the unit may be issued only for autologous use

remove the plasma and issue the unit as Red Blood Cells
issue the unit only as washed Red Blood Cells
quarantine the unit for further testing

-V -

Coughing, cyanosis and difficult breathing are symptoms of which of the following
transfusion reactions?

a febrile

b allergic

¢ circulatory overload
d hemolytic

Which of the following is a nonimmunoclogic adverse effect of a transfusion?

a hemolytic reaction

b febrile nonhemolytic reaction
¢ congestive heart failure

d urticaria

Congestive heart failure, severe headache and/or peripheral edema occurring soon after
transfusion is indicative of which type of transfusion reaction?

a hemolytic

b febrile

¢ anaphylactic

d circulatory overload

A patient with severe anemia became cyanotic and developed tachycardia, hypertension, and
difficulty breathing after receiving 3 units of blood. No fever or other symptoms were evident.
This is most likely what type of reaction?

a febrile reaction

b transfusion-associated circulatory overload (TACO)
¢ anaphylactic reaction

d hemolytic reaction

A patient became hypotensive and went into shock after receiving 50 mL of a unit of Red Blood
Cells. She had a shaking chill and her temperature rose to 104.8°F (40.4 "C). A transfusion
reaction investigation was initiated but no abnormal resu)ts were seen. What additional testing
should be performed?

a Gram stain and culture of the donor unit

b lymphocytotoxicity tests for leukoagglutinins
¢ plasma IgA level

d elution and antibody identification

The most frequent transfusion-associated disease complication of blood transfusions is:
a cytomegalovirus (CMV)
b syphilis

c hepatitis

d AIDS

50 The Board of Certification Study Guide
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The purpose of a low-dose irradiation of blood components is to:

a prevent posttransfusion purpura

b prevent graft-vs-host (GVH) disease

¢ sterilize components

d prevent noncardiogenic pulmonary edema

Which of the following patient groups is at risk of developing graft-vs-host disease?

a full term infants

b patients with history of febrile transfusion reactions

€ patients with a positive direct antiglobulin test

d recipients of blood donated by immediate family members

Irradiation of donor blood is done to prevent which of the following adverse effects
of transfusion?

febrile transfusion reaction

cytomegalovirus infection

transfusion associated graft-vs-host disease
transfusion related acute lung injury (TRALI)

[-"R oI - o ]

Therapeutic plasmapheresis is performed in order to:

a harvest granulocytes

b harvest platelets

€ treat patients with polycythemia

d treat patients with plasma abnormalities

Plasma exchange is recommended in the treatment of patients with macroglobulinemia in order

to remove:

antigen

excess [gM

excess [gG
abnormal platelets

- P I - ]

The most important step in the safe administration of blood is to:

a perform compatibility testing accurately

b pet an accurate patient history

¢ exclude disqualified donors

d accurately identify the donor unit and recipient
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1: Blood Bank Answer Key
1b 59 d 117 ¢ 175 d 233 ¢ 291 d
2c 60 d 118 d 176 b 234 d 292 a
3 ¢ 61 ¢ 119 a 177 a 235 ¢ 293 d
4 d 62 a 120 ¢ 178 ¢ 236 ¢ 294 a
5b 63 a 121 a 179 b 237 b 295 ¢
6 b 64 a 122 d 180 ¢ 238 b 296 a
7 a 65 a 123 d 181 ¢ 239 a 297 d
8d 66 d 124 ¢ 182 d 240 ¢ 298 b
9d 67 c 125 b 183 d 241 4 299 ¢

10 b 68 d 126 d 184 b 242 a 300 b
11 b 69 a 127 ¢ 185 ¢ 243 b 301 a
12 b 70 ¢ 128 d 186 d 244 d 302 d
13 b 71 a 129 d 187 ¢ 245 ¢ 303 ¢
14 4 72 a 130 a 188 a 246 a 304 ¢
15 ¢ 73 b 131 ¢ 189 b 247 b 305 a
16 d 74 a 132 a 190 b 248 d 306 ¢
17 & 75 ¢ 133 d 191 a 249 ¢ 307 ¢
18 ¢ 76 d 134 b 192 b 250 a 308 d
19 b 77 b 135 ¢ 193 ¢ 251 b 309 b
20 d 78 d 136 b 194 b 252 a 310 a
21 a 79 ¢ 137 a 195 d 253 ¢ 311 d
22 d 80 d 138 b 196 a 254 d 312 d
23 b 81 ¢ 139 d 197 d 255 d 313 b
24 a 82 b 140 a 198 b 256 a 314 d
25 a 83 d 141 a 199 ¢ 257 a 315 d
26 d 84 ¢ 142 ¢ 200 ¢ 258 d 316 a
27 d 85 b 143 b 201 b 259 a 317 ¢
28 a 86 ¢ 144 a 202 a 260 ¢ 318 d
29 ¢ 87 ¢ 145 b 203 d 261 b 319 ¢
30 d 88 ¢ 146 d 204 ¢ 262 ¢ 320 ¢
31 b 89 ¢ 147 a 205 a 263 d 321 d
32 a 90 d 148 ¢ 206 a 264 b 322 b
33 ¢ 91 a 149 ¢ 207 a 265 b 323 a
34 a 92 b 150 b 208 a 266 ¢ 324 ¢
35 ¢ 93 b 151 d 209 a 267 b 325 b
36 b 94 b 152 ¢ 210 b 268 d 326 d
37 ¢ 95 d 153 b 211 d 269 a 327 ¢
38 b 96 d 154 ¢ 212 b 270 d 328 d
39 b 97 d 155 b 213 a 271 d 329 b
40 b 98 ¢ 156 b 214 b 272 b 330 d
41 d 99 d 157 ¢ 215 ¢ 273 ¢
42 b 100 ¢ 158 a 216 b 274 d
43 d 101 b 159 b 217 a 275 b
44 ¢ 102 ¢ 160 ¢ 218 a 276 a
45 a 103 a 161 d 219 b 277 ¢
46 a 104 ¢ 162 d 220 a 278 ¢
47 b 105 b 163 b 221 b 279 ¢
48 a 106 ¢ 164 a 222 a 280 ¢
49 b 107 ¢ 165 a 223 d 281 d
50 ¢ 108 b 166 b 224 b 282 b
51 d 109 b 167 a 225 d 283 ¢
52 d 110 ¢ 168 d 226 ¢ 284 d
53 a 111 a 169 ¢ 227 ¢ 285 b
54 b 112 ¢ 170 ¢ 228 a 286 a
55 a 113 ¢ 171 b 229 ¢ 287 a
56 ¢ 114 d 172 ¢ 230 ¢ 288 b
57 d 115 d 173 b 231 b 289 a
58 a 116 d 174 ¢ 232 b 290 d
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Answers

Blood Products

1 b Alldonors, regardless of sex, require
a minimum hemoglobin of 12.5 g/dL
(125 g/L}. The value must not be performed
on an earlobe stick.
|AABB S1andards 2008a. p70]

2 ¢ Jaundice is a sign of liver impairment,
which might be due to HBV or HCV.
Infection with HBV and HCV is a cause for
indefinite deferral,
|AABB Standards 2008a, p73; Kaplan 2003, pp4s7 $00]

3 ¢ The receipt of blood products is a

Miry B-month deferral, the deferral for trave]
to areas endemic for malaria is 12 months
regardless of antimalarial prophylaxis,
and a person taking antibiotics may
have bacteremia. The requirement for
temperature is not over 37.5°C or 99.5°F.
[AABB Standards 2008a, pp70-74)

4 d  Apositive test for HhsAg at any time is
an indefinite deferral.
[AABE Standards 20084, pp70 74|

5 b Awoman who had a spontaneous

omy abortion at 2 months of pregnancy, 3
menths previously would be acceptable.
A donor is acceptable if she has not been
pregnant in the previous 6 weeks.
[AARE Standards 20084, pp70-74)

6 b The Het must be >38%. A donor may
be 16 unless state law differs. Temperature
must not exceed 99.5°F/37.5°C, blood
pressure must be <180 mm Hg systolic and
<100 mm Hg diastalic, pulse 50-100 unless
an athlete (which can be lower). Toxoids and
vaccines from synthetic or killed sources
have no deferral.
[AABH Standards 2008a, pp70-71]

7 a  The minimum platelet count required

oy for frequent repeat donors is 150 x 10%/uL
(150 x 10%/L). A platelet count is not required
prior to the first donation or if the interval
between donations is at least 4 weeks.
[AABR Standards 20084, p25]

8 d  The scrub must use iodine, eg, PVP
iodine complex. Donors who are sensitive
to iodine can have the area cleaned with a
preparation of 2% chiorhexidine and 70%
isopropyl alcohol.
[AABB Tech Manual 2008b, pp193, 942)

9

10

11

M
ONLY

12

13

14

15
M
CNLY

16

17

18

19

d  Testing for syphilis was the first
mandated donor screening test for
infectious disease and is still part of
donor screening.

[AABE Tech Manuat 2008b, ch8)

b Platelets are prepared and stored at
207-24°C for optimum function.
IAABE Tech Manual 2008hb, p193)

b The most common posttransfusion
hepatitis is hepatitis B. The estimated risk of
transmission is 1:220,000 units transfused.,
The risk of hepatitis C transmission is
1:1,800,000 units. Hepatitis B surface
antigen (HBsAg) is a required donor test for
detection of acute or chronic HBV infection.
[AABE Tech Manual 2008h, pp242, 260-73)

b Western blot uses purified HIV proteins
to confirm reactivity in samples whose
screening test for anti-HIV is positive.

IAABR Tech Manual 2008k, ch10)

b The causative agent for AIDS is the
human immunodeficiency virus types 1
and 2.

|AABB Tech Manual 2008, ¢h8)

d  The enzyme-labeled immunosorbent
assay (ELISA} method is a very sensitive
method employed to screen donors for
markers of transfusion-transmitted viruses.
|AARE Tech Manual 2008D, ch8|

¢ Rejuvenation of RBCs uses additives to
restore or enhance 2,3-DPG and ATP levels.
|Harmening 2005, p11]

d  Sterile docking devices allow entry into
donor units without affecting the expiration
date of the product.

[Harmening 2005, p236]

d  Sterile docking devices allow entry into
donor units without affecting the expiration
date of the product,

Hlarmuening 2008, p246|

¢ If storage devices do not have
automated temperature recording,
temperature must be manually monitored
every 4 hours,

|AARI Tech Manual 2008b, p284]

b  Fresh Frozen Plasma is stored at —-18°C
or below for 12 months.
|AABB Standards 2008a, Reference Standard 5.11
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30

54

d Blood may be returned to the blood
bank after issue provided that 1) the
container has not been entered, 2) at

least 1 sealed segment is attached to the
container, 3) visual inspection of the unit
is satisfactory and documented, and 4) the
unit has been maintained at the appropriate
storage or transport temperature, Studies
have shown that refrigerated components
retain an acceptable temperature of <10°C
for up to 30 minutes after removal from
the refrigerator.

|AABB Tech Manual 2008h)

a Red Blood Cells, Frozen with 40%
glycerol are stored at -65°C or lower.
|AABB Standards 2008a, Reference Standard 5.1]

d Red Blood Cells are stored at 1°-6°C.,
|AABB Standards 2008a, Reference Standard 5.1]

b If the seal is broken during processing,
components are considered to be prepared
in an open system, rather than a closed
system. The expiration time for Red Blood
Cells in an open system is 24 hours.

|AABB Standards 20084, Reference Standard 5.1)

a Cryoprecipitated AHF is stored at -18°C
or lower.
[AABB Standards 2008a, Reference Standard 5.1)

a  Cryoprecipitate must be transfused
within 4 hours of pooling,
[Harmening 2005, p232|

d Whole Blood-derived platelets are
stored at 20°-24°C with continuous gentle
agitation. Platelets prepared by the PRP
method may be stored for up to 5 days.
|AABB Standards 2008a, Reference Standard 5.1]

d  The required temperature for storage of
platelets is 20°-24"C.
[AABB Standards 2008a, Reference Standard 5.1

a Per AABB standards, thawed FFP
should be stored at 1°-6°C for no more than
24 hours.

|AABB Standards 20084, p68}

¢ Cryoprecipitate has a shelf life of 12
months in the frozen state.
[Harmening 2005, p232]

d  Once thawed, FEP is stored at 1°-6°C for
up to 24 hours.
[Marques 2007, p25}

The Board of Certification Study Guide
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b The pH of platelets should be

tr. maintained at 6.2 or above throughout the
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storage period.
|AABB Standards 2008a, §5-7-5}

a  The required temperature for storage of
thawed plasma is 1°-6°C.
[AABB Standards 2008a. Reference Standard 5.1|

¢ 2,3-DPG declines during storage of
Red Blood Cells, causing a "shift-to-the-
left” in the oxygen dissociation curve and
an impaired ability to deliver oxygen to
the tissues.

{Harmening 2005, p308|

a Cryoprecipitate is used primarily for
fibrinogen replacement. It is stored at room
ternperature (20°-24°C) after thawing and
must be infused within 6 hours. If poeled
with other cryo units, it must be infused
within 4 hours,

[Harmening 2005, p308)

¢ Blood products from blood relatives
containing viable lymphocytes must be

irradiated to inhibit the proliferation of
T cells and subsequent GVHD.

|Harmening 2005, p227}

b [rradiation inhibits proliferation of
T lymphocytes.
|Harmening 2005, p23]

¢ FFP thawed in a water bath should

be protected so that entry ports are not
contaminated with water. One can may use
a plastic overwrap or keep ports above the
water level.

[AABB Tech Manual 2008b, p191]

b  Fresh Frozen Plasma (FFP) must be
separated and frozen within 8 hours of
Whole Blood collection.

[Harmening 2005, p231]

b Cryoprecipitate contains at least
80 units of AHE.
(Harmening 2005, p232]

b Cryoprecipitated AHF contains at least
80 IU of Eactor VIII concentrated in about
10 mL of plasma.

[Harmening 2005, p237|

d Cryoprecipitate is indicated as a source
of fibrinogen for hypofibrinogenemia. It
contains a minimum of 150 mg of Abrinogen
concentrated in a small volume of plasma.
[Harmening 2005, p308]

—

i el



1: Blood Bank | Blood Group Systems

Answers

42

43

44

MI&
ONLY

45

M5
ONLY

46

47

ONLY

48

ML
ONLY

49

50

b Cryoprecipitate is the fraction of plasma
proteins that precipitate when FFP is slowly
thawed at 1°-6°C.
|Harmening 2005, p232]

d  Clots in the unit may indicate contamination.
{Harmening 2005, p372|

¢ Per AABB standards, at least 90% of
platelet pheresis units sampled must contain
at least 3.0 x 10! platelets.

| AABB Standards 20084, p36|

a Per AABB standards, at least 90% of the
platelet units prepared from Whole Blood
that are sampled must contain at least

5.5 x 10'Y platelets.

[AABB Standards 2008a, pp35-36)

2 Whole blood-derived Platelets are
prepared by a light spin to separate the Red
Blood Cells from the platelet-rich plasma
(PRP), followed by a heavy spin of the PRP
to concentrate the platelets.

[Harmening 2045, p230]

b Per AABB standards, at least 90% of
platelet units sampled must have a pH of at
least 6.2 at the end of the allowable storage.
{AABB Standards 2008a, pp35 36]

a Per AABB standards, store Platelets

at 20°-24°C with continuous agitation.
Platelets must be separated from

Whole Blood units and maintained at a
ternperature of at least 20°C. The pH must
be at least 6.2 at the end of the storage time.
[AABR Standards 20084, p65|

b Whole blood-derived (random donor)
Platelets should contain at least 5.5 x 10'0
platelets, be stored with continuous
agitation at 20°-24"C, and have a pH of
6.2 or higher when tested at the end of the
storage period.

[Harmening 2005, p230]

¢ Apheresis (single donor) Platelets
should contain at least 3.0 x 10! platelets,
be stored with continuous agitation at
20°-24°C, and have a pH of 6.2 or higher
when tested at the end of the storage period.
|[Harmening 2005, p230]
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d Newly diagnosed bone marrow
candidates are at great risk for severe
sequelae of CMV infections. Infection

can best be reduced by using leukocyte-
reduction filters. CMV-seronegative units
are rarely used since leukocyte reducing via
filtration is so effective. Washing does not
remove as many leukocytes as filtering.
|Harmening 2005, p310]

d Leukoreduction of blood products
reduces donor leukocytes to less

than 5 x 10° and decreases the risk of
HLA alloimmunization.

{Marques 2007, p20)

a The apheresis process is to remove
whole blood, the desired component
removed, and the remaining portion of
blood returned to the donor/patient.
|AABR Practical Gl.lidc 2007, ch14])

b Autologous donors have less stringent
criteria than allogeneic donors. Donations
must be collected at least 72 hours prior
to surgery.

| AAHKR Standards 200083, 22|

a Only ABO and Rh is required with the
patient’s sample. Each autologous unit
must be confirmed for ABO and Rh from an
integrally attached segment.

|AARE Standards 2008a, pdd]

¢ DA requires that 4 representative units
be tested each month for Factor VII] levels
of 80 1U or higher. 1f the average value is less
than 80 1U of Factor VIII, corrective action
must be taken.

| AABR Tech Manual 2008h, p224)

d To determine the total IU of Factor
VIII per bag of cryoprecipitate, multiple the
assayed value/mL by the number of mL in
the container.

[Harmening 2005, p32]

Blood Group Systems

58

a The mother has a 50% chance of passing
on R; and 50% chance of passing on r. The
father will always pass on R;. Statistically,
50% of the children will be R;r and 50% of
the them will be R;R;.

|Harmening 2005, p139]
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1: Blood Bank | Blood Group Systems Answers 1\ ' 1
59 d The entire set of HLA antigens located 67 ¢ The Xgblood group system is unique in 4 %
on one chromosome is a haplotype. that the gene encodes on the X chromosome.
[Harmening 2005, p485) A negative mother would not have the Xg(a)
60 d The patient lacks E. Since C and ¢ are to pass on. A positive fathfar would, however,
lleles. C is inherited from rent transmit the Xg(a) to all his daughters.
atieles, & 15 edfrom one p _ [Harmening 2005, p198}
and ¢ from the other. Since the person is gamp
homozygous for e, one of the genes needsto 68 d  All common Rh antigens are present on 7
code for ce (RHce) and the other Ce (RHCe). the red blood cells. B; (DCe) and Ry (DcE) are
The RHD gene is more likely inherited with frequent genotypes.
Ce than ce, so the person's most probable [Harmening 2005, p139)
enotype is DCe/dce. This genotype is .
%oundy'}:\ 31% of the whitegand ?g% of the 69 B CRERU is the only correct choice here. Ry, =
black populations. rLoRmcrer X
|AABB Tech Manual 2008b, pp387-392] |AABI Tech Manual 2008b, pp3A7-396]
61 ¢ The Aand B structures can not be 70 ¢ The .LEWiS arlltigens are developed
develoned since there is no H precursor by gene interaction. Both the Lewis and .
ped since there is precurs . f
substance due to the lack of the H gene in Secretor gene are required for red cells to
type as Le(a-b+). [fa person has a Lewis I
R:‘;:lro?d donor. gene, but not Secretor gene, then the cells :
l ech Manual 2008b, p362] type as Le{a+b~). The Le(a-b-) phenotype
62 a This individual cannot have the k is derived when the Lewis gene is absent
antigen on their cells. KyKj is rare and no and the Secretor gene may or may not be
Kell system antigens are detected on the present. The Le(a+b-) phenotype occurs in
red blood cells. Those individuals usually 22% or the population, and Le{a-b-) occurs
produce antibodies that are reactive in 6%, so the most likely phenotype of a
with all normal cells. KK is the most nonsecretor (se/se) is Le{a+b-). ,
probable genotype. |AABB Tech Marwal 2008b, p374)
(Harmening 2005, p176] 71 a Anti-f will react with react with
63 a Fy(a-b-) individuals are very rare with cells that carry c and e on the same Rh
all populations other than the individual of polypeptide. No other listed genotypes
African descent. 68% of African Americans produce an Rh polypeptide that carries both
are Fy(a-b-). cand e.
[AABB Tech Manual 2008b, pd22] |AABB Tech Manual 2008b, pp3s7-396]
64 a The baby is Rh-negative and lacks 72 a Nonreactivity with anti-f indicates the
¢, since there is no evidence of HDFN. cells do not have an Rh polypeptide that
{nheritance of no D and no ¢ is denoted as r'. possesses both ¢ and e, which is necessary to
The baby must have inherited this gene from type as f+. R Ry is the most likely genotype.
both parents, and is homozy.gous r're’. [AABB Tech Manual 2008b, pp387-3496]
IAABE Tech Manual 2008b. pp387-335] 73 b The N antigen is lacking in 30% of the
65 a The most common genotype in mily Caucasian population.

Rh-negative individuals is 7r. Anti-e would
not be formed because the recipient’s red
cells contain the e antigen. The first antibody
most likely to develop would be anti-c.
[Harmening 2005, p137}

66 d Blood group genes are autosomal, they
are not carried on the sex gene. Whenever
the gene is inherited, the antigen is
expressed on the red blood cells, which is
known as codominant.

{Harmening 2005, p110|
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|AABB Tech Manual 2008b, p415|

a  The baby appears to lack ¢ since no
HDEN was evident. The mom is most likely
R,R), so had to pass R; onto the baby. The
father must have passed on an Rh gene that
also did not produce c. Given the choices,
the father has to be R;r.

[AABB Tech Manual 2008b, pp387-396]
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¢ The Fy(a-b-) phenotype occurs in
68% of the population of African descent,
but is extremely rare in the other ethnic
backgrounds. Lu{a-b-), Jk(a~b-) and K-k-
are very rare in all ethnic backgrounds.
|AABB Tech Manual 2008b, ch14|

d  The frequency of compatible donors for
this patient can be calculated by multiplying
the percentage of the population that is
e-C-x Fy(a-) x Jk(b-). The blood supplier’s
immunohematology reference laboratory
may have units in stock or can request blood
from other IRLs through the American Rare
Donor w.

[Harmening 2005, p217, 257|

b The most likely haplotype is DCe/dce.
|AABB Tech Manual 2008b, p391)

d From the first 2 children it can be
determined the mom has the haplotypes
A2B12 and A23F18. The dad has the
haplotypes A1B3 and A3B35. The expected B
antigen in child #3 is B35.

[Harmening 2005, p435]

¢ Ifanexact match of HLA-A and HLA-B
autigens is necessary, siblings would be

the most likely match, since siblings may
have received the same haplotypes from
the parents.

|AABE Tech Manual 2008h, p550)

d  Determination of compatibility can be
determined by multiplying the percentage
of compatibility of each antigen. 46% of the
population is group O, 15% are D, and 91%
are K-. 0.46x0.15x0.91 = 0,

IAABE Tech Manual 2008h, p344]

€ Use the Hardy-Weinberg equation:

p? + 2pq + q” = 1.0 In this example, p? is
the homozygous pogulation, Jk(a+b-).
The square root of p* = p, which is the gene
frequency of Jk* in this population. Out of
400 people, 122, or 30% are homozygous.
The square root of 0.30 = is 0.55.

|AARB Tech Manual 2008h, pp344 351]

b The Hardy-Weinberg equation states

p + q=1.0. When the equation is expanded,
itisp?+2pq+g?=1.0.

[AABB Tech Manual 2008h, pp344- 351

d When a marker is in a child that the
mother and alleged father do not have,

the alleged father can not be the biclogical
father of the child. This is a direct exclusion.
[AABB Tech Manual 2008b, p352|

84

85

86

87

88

89

90
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¢ The child’s genotype does not include E.
The alleged father is homozygous for E. If he
was the father the child would also have E.
The father can be excluded from paternity.
[Harmening 2005, p139{

b Direct exclusion of paternity is
established when a genetic marker is present
in the child but is absent from the mother
and the alleged father.

|AABB Tech Manual 2008b, p352]

¢ A, cells are more strongly reactive with
anti-A,B than with anti-A and the plasma
frequently has anti-A; present.

|AABB Tech Manual 2008k, p366)

¢ The ABO blood group system was
discovered by Karl Landsteiner.
[Harmening 2005, p10%)

¢ Mixed-feld reactivity with anti-A
and anti-A,B is a typical finding for
Ay subgroups.

|AABE Tech Manual 2008h, p366|

¢ Fucose is the immunodominant sugar
for H.
[AABB Tech Manual 2008b, p372)

d  Bombay phenotypes (Oy) lack H antigen
on their red cells, and produce naturally
occurring anti-H in their serum.

|Hartening 2005, p121]

a  Most examples of anti-Lu® agplutinate
saline suspended cells. Most examples of
anti-Lu® are 1gG and reacts at 37°C. Anti-Lu3
usually reacts at the AHG phase as does anti-
Lul.

|Harmensng 2005, p185)

b Anti-Ch and anti-Rg react at IAT with
trace amounts of C4 (a component of
complement) present on normal RBCs. The
Ch and Rg substance is found soluble in
plasma. Neutralization studies with pooled
plasma can help confirm the antibody
reactivity in a patient’s sample. If test
procedures are used to coat cells with C4,

a patient with anti-Ch or anti-Rg may
agglutinate the cells directly.

|AABB Tech Manual 2008b, p426}
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b  Anti-Sd? is an antibody to a high-
prevalence antigen, which varies in strength
from person to person. Most examples of
anti-Sd? characteristically present as small,
mixed-field, refractile agglutinates that may
have a shiny appearance when observed
microscopically after the antiglobulin test.
{Harmening 2005, p197]

b HLA antibodies are formed in response
to pregnancy, transfusion or transplantation
and are therefore not naturally occurring.
They are associated with febrile
nonhemolytic transfusion reactions and
TRALI. They are directed against antigens
found on granulocytes and other cells such
as platelets,

|AABB Tech Manual 2008b, p397]

d MHC consists of both class [ and
class [I HLA antigens. Discrimination of
self from nonself is the primary function
of the HLA system and involves many
immune responses.

[AABB Tech Manual 2008b, p555|

d HPA-lais a platelet specific antigen,
which is the most commaon cause of neonatal
alloimmune thrombocytopenia. Treatment
consists of IVIG.

[AARE Tuch Manual 2008h, p534|

d  Group O have the most H substance

in their saliva. The person must also be a
secretor of ABH substances. Due to gene
interaction between the secretor gene and
Lewis gene, people who are Le(a-b+) assures
H in their saliva.

[Harmening 2005, p112]

¢ Lewis antigens are found soluble in
saliva. If saliva containing Lewis substance
is added to a sample with anti-Le*, then
neutralization occurs. Le(a+) indicator
cells added to the test system would be
nonreactive, A proper control system is
required whenever neutralization studies
are performed.

[Harmening 2005, p155]

d  The overall incidence of the e antigen is
98%. The overall incidence of ¢ is 80%, D is
B85% and E is 30%.
[Harmening 2005, p136]
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¢ The G antigen is normally present on
red cells possessing either C or D. Anti-G
reacts with panel cells that are D+ or C+
and the antibodies appear to be anti-C and
anti-D. The G antigen is expressed on the
child’s D+ red blood cells.

[Harmening 2005, p144|

b Individuals who are partial D are
missing epitopes of the D antigen and can
develop antibodies toward the epitopes
they lack. Since all normal D antigens have
all epitopes, the specificity of the person’s
antibody is anti-D.

| AABE Tech Manual 2008b, p395|

¢ The U antigen is a high incidence
antigen found on the RBCs of all individuals
except 1% of African-Americans, who lack
glycoprotein B and usually type S-s-U-.
{Harmening 2005, p168] '

a The M and N antigens are found on
glycopharin A,
|Harmening 2005, plir7]

¢ Autoanti-P, a cold-reactive IgG
autoantibody described as a biphasic
hemolysin, is associated with paroxysmal
cold hemoglobinuria.

fHarmening 2005, pl72]

b Patients with infectious monuclevsis
often demonstrate potent examples of anti-i
that are transient in nature.

[Harmening 2005, p 1743

¢ Anti-l is commonly found in

all individuals, but when it causes
hemolysis, the titer may be high

and react at all temperatures. Cold
agglutinin syndrome is mainly found in
lymphoproliferative diseases.

[Harmening 2005, p173]

¢ Anti-l is associated with cold
agglutinin syndrome.
|Harmening 2005, p1 74|

b  Anti-iis an [gM antibody that reacts
with cord cells and i adult cells. [t is not
associated with hemolytic disease of the
newborn since [gM antibodies do not cross
the placenta.

|Harmening 2005, p174]

b The Kell antigen is highly immunogenic.
It is present on the red cells of up to 9% of
adults and neonates, and is not affected

by enzymes.

[Harmening 2005, p176]
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¢ Red blood cells of individuals with the

significant depression of other Kell antigens.
The Mcl.eod phenotype has been found

in patients with chronic granulomatous
disease (CGD).

{Harmening 2005, pt79)

a  Antibodies in the Kidd blood group
system are igG and react best at the
antiglobulin phase. These antibodies
are associated with delayed hemolytic
transfusion reactions and reactivity can
be enhanced by testing with enzyme
pretreated cells.

IHarmening 2005, p183]

¢ The Fy" and Fy® antigens are sensitive to
denaturation by proteolytic enzymes. Serum
containing anti-Fy® reacts with untreated
Fy(a+) cells, but not with enzyme treated
Fy(a+) cells.

|Harmening 2005, p180|

¢ Anti-Fy'is an IgG antibody that reacts
best at the AHG phase, does not react with
enzyme-treated red cells, is capable of
causing hemolytic disease of the newborn,
and is not known to be an autoagglutinin.
[Harmening 2005, pp180.-141]

d  The Duffy glycoprotein on red cells

is a receptor for the malarial parasite
Plasmodium vivax. Red cells with the
phenotype Fy(a-b-) are resistant to invasion
by P vivax.

[Harmening 2005, p182)

d  75% of donors would be compatible
with anti-X and 90% with anti-Y.

The frequency of compatibility for both
antigens is determined by multiplying
the 2 compatibility percentages:
0.75%x0.90 = 0.675.

[AABE Tech Manual 2008h, p348)

d  When the percentages of each
phenotype are multiplied together, the
incidence of the phenotype occurs in
1.438% of the population, so in a population
of 100,000, there would be 1,438 with

the phenotype.

[AABB Tech Manual 2008b, p348|

¢ Multiplication of the individual
cornpatibility frequencies results in the
percentage of compatible denors that would
lack both antigens. 0.20x0.90 = 0.18,

or 18%.

{AABB Tech Manual 2008b, p348)

118 d  After performing rule outs, the most

likely antibody is anti-c. To form anti-¢, the
patient would need to inherit a gene from
both parents that does not produce the ¢
antigen. The most common pene that codes
for no c antigen is denoted as R;.

|Harmening 2005, p136)

Physiology and Pathophysiology

119 a Massive transfusion patients (2 or more

v blood volumes) usually require platelets and
FEP but since his platelet count is adequate,
onty FFP should be given at this time.
[Harmening 2005, p314}

120 ¢ Cryoprecipitate is used primarily for

mhy fibrinogen replacement. Fibrinogen level
is decreased in patients with DIC, due to
uncontrolled thrombin generation.
|Harmening 2005, pp232, 237, 308]

121 a Patients with severe hemophilia A may
have spontaneous hemorrhages that are
treated with Factor VIil concentrate.
|Harimening 2005, p303]

122 & Factor VIII concentrate is the

omy product of choice in the treatment of
classic hemophilia.

IHarmening 2005, p223)

123 d Factors V and VI would be decreased

thiiv but IX would not be decreased.
[1Tarnrening 2005, p307]

124 ¢ These are symptoms of a low platelet

ony count. If the mother's platelet count is
normal, the newborn likely has neonatal
alloimmune thrombocytopenia (NAIT),
caused by maternal antibody to the infant’s
platelet antigens.

[Harmening 2005, 3306)

125 b  When platelets are needed, maternal

oy platelets are often prepared for use at

cordocentesis or delivery. Platelets should be
washed to remove maternal antibody.
|AABE Tech Manual 2008b, p534)
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126 d HDEN is caused by maternal antibody

128

129

130

crossing the placenta and destroying fetal
antigen-positive red cells. Unlike ABO
antibodies, which are naturally-occurring
and can affect the first pregnancy, Rh
antibodies are not produced until the
mother has been exposed to Rh-positive
red cells, usually during delivery of the
first Rh-positive child. Once immunized,
subsequent pregnancies with Rh-positive
infants are affected, usually with
increasing severity.

[Harmening 2005, pp3&d, 392|

¢ HDFN is caused by maternal antibodies
against antigens on fetal red cells inherited
from the father. Since the father is
homozygous for ¢, the baby's red cells have
to be ¢+, and could react with maternal
anti-c if present. The father is A-, D-, and
C-, and cannot pass these antigens to

the child.

[Harmening 2005, p3#4|

d ABO HDFN is a mild disease, not
usually requiring transfusion. it may occur
in any pregnancy in which there is ABO
incompatibility. High-titered IgG antibodies
are more frequently seen in group O
mothers than in A or B iothers.

[ Harmening, 2005, pp391-342]

d HDFN is caused by maternal [gG
antibodies. Qutside the Rh system, the

most clinically significant antibody for
HDEN is anti-K. [gM antibodies do not cross
the placenta.

[Harmening 2005, p3ss|

a ABO HDFN is a mild disease that may
occur in any ABO-incompatible pregnancy,
including the first, since the antibodies

are naturally occurring. Rh HDEN does
not occur until the mother has become
immunized. Once this happens, subsequent
pregnancies may be quite severely affected.
The DAT is typically weak or even neyative
in ABO HDFEN, and strangly positive in

Rh HDEN.

(Harmening 2005, pp384, 391342}
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¢ The mother has anti-D; the baby has

a positive DAT; yet the baby appears to be
Rh-negative. Textbooks state that, if a baby
has a strongly positive DAT, the baby's red
cells may be so heavily coated with maternal
antibody that the D antigen sites are blocked
and cannot react with anti-D reagent,
causing a false-negative Rh type. Since the
infant is type O, ABO hemolytic disease of
the fetus and newborn (HDEN) does not

fit this example. If the fetus had received
enough D intrauterine transfusions to
cause the red cells to type as D-, they

would not demonstrate a 4+ positive DAT,
as shown in this example. There is no
indication of a fetomaternal hemorrhage.
[Harmening 2005, p28Y}

a ABO HDFN occurs most commonly in
group A babies born to group O mothers
and usually has a mild course. The DAT is
typically weak or negative and jaundice
develops 12-48 hours after birth. The
mother and baby are both Rh-positive.
[Harmemng 2005, pp391 342

d Spherocytosis is characteristic of ABO
HDFN but not Rh HDFN.
[Harnrempg 2005, p392|

b The change in optical density
{absorbance) of amniotic Auid measured
spectrophotometrically at 450 nm is
calculated and plotted on the Liley graph
according to the weeks gestation. The
graph is divided into 3 zones, which predict
the severity of HDFN and the need for
intervention and treatment.

|Harmening 2005, p38H|

¢ A positive DAT on cord blood
demonstrates the presence of maternal
antibody coating the baby’s red cells and
indicates hemolytic disease of the newborn.
Normal cord hemoglobin in newborns
ranges from 14-20 g/L. A cord hemoglobin
value of 10 g/L indicates anemia and
supports the diagnosis of HDEN.

[Harmening 2005, pp384-390]

b  Antibody titers do not themselves
predict the severity of HDEN or the
treatment needed. Instead, titers above

a critical level, usually 16-32, identify
candidates for amniocentesis or PUBS to
monitor the fetus and determine the course
of treatment.

[Harmenng 2005, pp3H7-388)
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a Blood for an exchange transfusion
should lack the antigen to any maternal
antibodies that have entered the infant's
circulation and are reactive at 37°C or AHG.
[Harmening 2005, p274)

b Fetuses undergoing intrauterine
transfusion must receive irradiated
blood products. The unit must lack the
antigen that the mother has produced
antibody against. Most centers treating
HDN use group O Rh-negative RBCs for
intrauterine transfusions.

|Harmening 2005, pp227, 390)

d  Blood selected for exchange transfusion
is usually crossmatched with the mother’s
blood, and should be ABO-compatible. It
should be negative for the antigen that

she has produced antibody against. Unless
the HDFN is caused by anti-D, the baby's
Rh type is selected. In this case, group O,
baby’s Rh type, E-, is the best choice for the
exchange transfusion.

[Harmening 2005, p39n]

a  Blood sclected for exchange transfusion
should be ABO-compatible with the

mother and baby, and antigen-negative.
Prenatal antibody titers above 16 or 32 are
considered significant, and the condition of
the fetus should be monitored.

[Harmening 2005, pp3s? 300

a  Blood selected for exchange transfusion
should be antigen-negative and ABO-
compatible with the mother and baby. Red
Bload Cells are usually less than 7 days old,
CMV-, hemoglobin S-, and irradiated.

[AABE Tech Manual 2008b, pp6A7-648)

¢ For exchange transfusion, antigen-
negative Red Blood Cells are typically
resuspended in ABO-compatible thawed
Fresh Frozen Plasma.

JAARR Tech Manual 2008h, pi17]

b Blood selected for intrauterine
transfusion and transfusion Lo premature
infants should be irradiated to prevent
graft-vs-host disease.

[Harmening 2005, p39)

a  If the initial antibody screen, using
either the mother's or baby's serum is
positive, either antigen-negative or AHG-
crossmatch-compatible units are selected
until the antibody is no longer demonstrable
in the baby’s serum.

[AABB Standards 2008, §5 16-1]
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b Care must be taken so that fetal
Rh-positive RBCs in the maternal circulation
are not interpreted as maternal, because the
mother would be assumed erroneously to be
weak D+.

IHarmening 2005, p3y]]

d  The presence of D+ infant’s red cells in
the mother's circulation can cause the weak
D test to show mixed-field agglutination.
Care must be taken so that fetal Rh-positive
RBCs in the maternal circulation are not
interpreted as maternal, because the mother
would be assumed erroneously to be weak
D+.

|fhrmun|ng 2005, p391]

a  The rosette test is a qualitative test.
When enzyme-treated cells are used as
indicator cells, a negative test (indicating
there was not an excessive bleed) can have
up to 1 rosette per 3 fields. The mother
needs to receive 1 vial of Rhig for a
normal bleed.

IAARR Tech Manual 20081, ppa3h 436

¢ The weak D result is most likely due Lo
excessive bleed of fetal cells. Rosette results
indicate a quantitative test for approximate
volume of fetal-maternal hleed should

be performed.

[AABR Tech Manual 20080, pp631 6372|

€ About half of the antenatal dose of
RhIG may still he present at delivery so the
antibody screen may detect weak anti-D,
which should not be interpreted erroncously
as active rather than passive immunization.

[ Harmening 2005, p3ag

b One dose of Rhig will protect the
mnother from a bleed of 30 mL. The bleed
was 35 mL, 2 vials of Rhlg will be needed.
|AARR Tech Manual 2008b, pp63l 632)

d  One vial of Rh immune giobulin
protects against a fetomaternal hemorrhage
of 15 mL of red cells, or 30 mL of Whole
Bloud. Divide the volume of fetomaternal
hemorrhage (35 mL) by 15; round down to
2, then add 1 extra vial = 3 vials total.

|AABE Tech Manual 2008bh, pei2|

¢ RhIG should be given to nonimmunized
D- females who are pregnant or have
delivered a D+ infant,

[Harmening 2005, p2:34)
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RhIG may still be present at delivery so the
antibody screen may detect weak anti-D,
which should not be interpreted erroneously
as active rather than passive imrunization.
|Harmening 2005, p390)

¢ RhIG is of no benefit on¢e a person has
been actively immunized and has formed
anti-D.

|Harmening 2005, p391|

b The formula to calculate the percentage
assumes the mother’s blood volume as
5,000 mL. 0.003 x 5,000 mL=15mL.

[AABB Tech Manual 2008b, pt32]

b The percentage is cells/100, the
mother's volume is assumed to be 5,000 mL.
The percentage must be multiplied by 50 to
determine total volume.

{|AABB Tech Manual 2008h, p&32|

¢ Use the formula: (fetal cells counted/
cells counted) x {(maternal blood volume).
Assume the mother's blood volume

is 5,000 mL. In this example, 30 fetal
cells/2,000 cells counted x 5,000 mL =

75 mL. Rhlg protects against 30 mL. So
2.5 vials are needed, rounded up to 3 full
vials. Add 1 vial for hospital policy and 4
vials are needed.

|AABB Tech Manual 2008b, p632|

a The rosette test is a sensitive method to
detect FMH of 10 mL or more.
[AABB Tech Manual 2008b, pp347 388

b The rosette screen will be positive

if there is a FMH of 10 mL or more. A
Kleihauer-Betke or flow cytometry should
be performed to quantitate the FMH

and determine if additional doses of Rh
immune globulin are needed to prevent
immunization from occurring.

{AABB Tech Manual 2008b, pp631-632]

¢ The mixed lymphocyte culture (MLC) is
used to detect genetic differences in the HLA
D region antigens,

IAABE Tech Manual 2008b, p359|

d Transfusion should generally be avoided
except in cases of life-threatening anemia.

A hemoglobin of 10.8 g/dL (108 g/L) is not
life-threatening, especially if the patient is
not actively bleeding.

|Harmening 2005, p411|
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d Bone marrow transplant patients are at
risk for transfusion-associated graft-vs-host
disease (TA-GVHD) and therefore should
recetve irradiated blood products.

[Harmening 2005, p227)

b HLA antigen typing is important to
consider before organ transplantation.
|Harmening 2005, p435|

a DR antigens, also known as Class

[l antigens, are significant in organ
transplantation. These antigens are
expressed on B lymphocytes, macrophages,
monocytes and endothelial cells and are
detected in the lymphocytotoxicity test.
[Harmening 2005, ppd36, 444|

a Negative check cells means the results
of tubes with the negative reactions are
invalid. The reactivity of the check cells
should be verified with anti-IgG since anti-E
was detected, indicating the anti-IgG was
reactive. All tests that were nonreactive
with the checle cells requires repeat

test performance.

|Harmening 2005, pl02|

Serology
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b The listed criteria are typical for
serological calibration of a centrifuge.
Optimum spin time is the least amount of
time when all criteria are satisfied.

|AABB Tech Manual 2008h, ppds0-981]

a Samples must be labeled with 2
independent patient identifters and

the date of collection. This information
should be identical to that on the patient’s
identification band and request.

|AABB Tech Manual 2008b, p439]

d Results of ABO and Rh testing on a
current specimen must always be compared
to that of a previous transfusion record.
Errors in typing or patient identification
may be detected when discrepancies are
found. Collection of a new sample allows
determination of which sample was
incorrectly collected.

|AABB Tech Manual 2008b, p451)
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¢ A serological test to confirm the ABO
on all RBC units and Rh on units labeled
as Rh-negative must be performed prior to
transfusion. Any errors in labeling must be
reported to the collection facility.

|AABB Tech Manual 2008b, p451}

¢ Samples must be labeled with 2
independent patient identifiers and

the date of collection. This information
should be identical to that on the patients
identification band and request. There

must be a mechanism to identify the
phlebotomist, but initialing the sample
tubes is not required.

|AABR Standards 2008a, §5-11; |AABR Tech Manual 2008b,
pdal]

b Granulocytes must be compatible with
recipient’s plasma. Granulocyte products
have an expiration of 24 hours.

|AARE Staneards 2008a, pp45-46, 55)

¢ Because neonates are immunologically
immature, alloimmunization to red cell
antigens is very rare during the neonatal
peried. No crossmatching is required if

the initial antibody screen performed

with either the baby's or mother’s plasma

is nepative.

JAABE Standards 20084, §5-16, JAABR Tech Manual 20080,
Pp45Y-4601

b A positive DAT will interfere with weak
D testing causing both the patient and
control to demonstrate positive results. Any
positive result in the control tube invalidates
any results.

IAABR Tech Manual 2008h, patd|

¢ Patients with multiple myeloma
demonstrate rouleaux formation, which

can cause the.appearance of agglutination.
If the cells are washed to remove residual
plasina, and tests repeated, an accurate red
cell typing is obtained. By performing a
satine replacement with the reverse typing,
true agglutination will remain when the cell
buttens of the reverse cells are resuspended
in saline.

[AABB Teeh Manual 2008h, pp37() 371)

d  ABO immunoglobulins develop at
approximately 3 months of age, attain adult
levels by age 10, and may, but not always,
decline in titer in the elderly.

| AABE Tech Manual 2008b, pi363)
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b Acquired B occurs in group A individuals
and is due to deacetylation of the A

antigen by bacterial enzymes. Detection of
acquired B is dependent upon the source of
anti-B used.

JAABB Tech Manual 2008k, p367]

a Tnis caused from a somatic mutation
and the phenomenon is persistent.
Resolution of the red cell typing can be
performed with enzyme-treated patient
cells, since Tn is denatured by enzymes,
Although the reactivity with anti-A may
be weak, testing with anti-A,; lectin gives
strong reactivity, unlike subgroups of A,
which are weakly reacting with anti-A and
nonreactive with A lectin,

[Harmeneng 2005, pp508-515|

¢ Mixed-field reactivity is a characteristic
of the As subgroup. Transfusion history
would be important to be sure it is not 2
cell populations.

|AAIE Tech Manual 2008h, p366]

b Polyagglutination is a property of the
cells. Most adult plasma apglutinate the
celis due te naturally occurring antibodies
directed towards the crypl antigens.

TAARD Tech Manual 2008h, p370]

¢ Presence of agglutination with A; cells,
screening cells and autocontrol at 1S and RT
is indicative of a cold autoantibody.
[LLarmening 2005, 128]

¢ Warming serum and reagent red
cells to 37°C before repeating ABO ryping
will decrease/eliminate reactivity of

cold autoantibody.

[ Harmening 2005, p128

d  Unexpected reactivity with reverse

cells should include a test with screen

cells at immediate spin to determine if
alloantibodies are present. Resolution of
the ABO discrepancy can be performed with
group B cells that lack the corresponding
antigen for the identified alloantibody.
{AABE Tech Manual 2008k, pp371-372)

d Most ABO discrepancies are due

to problems in the reverse typing.
Discrepancies stemming from the forward
type or the patient’s cells are usually due to
Tn activation from a somatic mutation,
|Harmenmg 2005, p510]
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184 b  Although monoclonal anti-D react with
most D+ red blood cells, cells with fewer
antigen sites requires testing after the
antiglobulin test. The test is referred to as a
test for weak D.
|AABB Tech Manual 2008b, p394]

185 ¢

Mis
MY

The ABO discrepancy is most likely
due to anti-H in an A individual. Anti-H
reacts most strongly at room temperature
with group O screening cells and weaker

or negative at room temperature with
autologous or doner group A, cells. As the
branched H structures are converted to A,
some group A individuals may develop a
clinically-insignificant anti-H recognizing H
structures on group O and A; blood groups.
[Harmenng 2005, ppl16, 126]

186 d Some subgroups of A are only
recognized because of their lack of anti-A
in the reverse typing. Often, the donors
are confirmed as subgroups of A by an
adsorption-elution technique,

[AABB Teeh Manuai 2008b, p366]

187 ¢ The mom does not have the D gene. The
father would have to have inherited one
gene that produces D and another gene that
does not produce D. The mom and dad both
passed on genes that do not produce D.
[AABB Tech Manual 2008b, pp387 936

188 a  Some blood group antibodies, in the
presence of their corresponding antigen
and complement, activate the complement
cascade and demonstrate in-vitro hemolysis.
[Harmening 2008, pS8|

189 b Agglutination at AHG phase indicates
the presence of clinically significant
antibody, indicating the need for
antibody identification.

|Harmening 2005, p246|

130 b Presence of agglutination at AHG phase
with both screening cells and autocontrol is
indicative of warm autcantibody.
|Harmening 2005, p407|

191 a  Presence of agglutination at AHG phase
with screening cells and 2 out of 6 donor
units indicates antibody in patient serum
to antigen(s) on screening cells and donor
cells, The presence of an autcantibody would
most likely react with all cells, including the
autologous control or DAT.

[Harmening 2008, p60..
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192 b Reaction with anti-IgG in the DAT and

193

194

195

196

197

198

with both screening cells and autocontrol
at the AHG phase is indicative of a

warm autoantibody.

{Harmening 2005, p407|

¢ Initial result was most likely a false-
negative result due to the omission of
patient serum. This would explain the initial
negative result followed by the subsequent
positive result.

[Harmening 2005, p102|

b The absence of agglutination at the AHG
phase with screening cells and agglutination
with one of 3 donor units is most likely due
to an antibody to a low-incidence antigen.
[Harmening 2045, p271]

d  The major crossmatch tests the
recipient’s plasma with donor’s cells. This
would detect any antibody in the reciptent
that would react with antigens on the
donor’s RBCs. [f a patient were mistyped as
a group O rather than group A, then group
O cells would be selected for crossmatch and
no incompatibility would be found.

|AABR Tech Manual 2008b, ppd52 456]

a  The patient has a negative antibody
screen, but one unit is found to be
incompatible. The antibody is most likely
directed towards a low-incidence antigen.
|[AABR Tech Manual 2008b, p455]

d  Since crossmatching is a test between
the patient's plasma and donor’s cells, any
incompatibility is due to the donor's red
cells. If a patient is negative for clinically
significant antibodies to common antigens,
an incompatible unit by the antiglobulin test
is due to either a positive DAT on the donors
red cells or the patient has an antibody to

a low-incidence antigen that the donor's
cells possess.

IAABB Tech Manual 2008b, p455| |

b [f a patient is negative for clinically
significant antibodies, and a single
crossmatch is incompatible, the
incompatibility is either due to donor cells
with a positive DAT or the patient has an
antibody to a low-incidence antigen that the
donor’s cells possess.

[AABB Tech Manual 2008b, p455)
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199 ¢ Ifapatient is negative for clinically
significant antibodies, and a single
crossmatch is incompatible, the
incompatibility is either due to donor cells
with a positive DAT or the patient has an
antibody to a low-incidence antigen that the
denor’s cells possess.
|AABH Tech Manual 2008h, pg55]

200 ¢ Emergent release of blood can not
use previous records. Bleod typing must
be performed on the current sample. In
this case, group O Rh-negative is the best
choice since there is evidence the patient is
Rh-negative,
|AABE Tech Manual 2008h, p455)

201 b When group specific units of Red Blood
Cells are not available, group compatible
units are selected. Since the patient is AB,
group A would be selected to conserve group
O units for group O patients. Rh-negative
patients should receive Rh-negative units of
red blood cells.
|Harmening 2005, p269|

202 a This patient has an anti-A|, which
eliminates A| B cells immediately.
Rh-negative units should be conserved for
Rh-negative patients when Rh-positive units
are available. Selection of group B units
provides compatible units quickly.

[AABE Tech Manual 2008h, p36K)

203 d  ‘'The strength of agglutination is
dependent upon optimal antigen to
antibody ratio. Excessive amount of antigen
does not allow maximal uptake of antibody
per red cell and therefore agglutination is
negatively affected leading to weaker or
negative results.

[Harmening 2005, ps3|

204 ¢ Rhantibodies show enhanced reactivity

fniy  with enzyme pretreated cells. The M and
Fy® antigens are cleaved from enzyme
pretreated cells and therefore there would be
no reaction between enzyme pretreated cells
and serum containing anti-M or anti-Fy",
The incidence of the ¢ antigen is 80% in
whites and 96% of blacks. The incidence of
the E antigen is 29% in whites and 22% in
blacks. Increased reactivity with enzyme
pretreated cells and incompatible results
with 8 of 10 donor units is most likely due
to anti-c.

{Harmening 2005, ppl166-167. 180-181)

205 a Determining the patient's phenotype
allows focusing identification procedures
toward antibodies the patient can develop.
|AABR Tech Manuat 2008b, p441]

206 a Warm autoantibodies often exhibit
Rh specificity.
| Harmening 2005, p406}

207 a Lewis antibodies may bind complement
and fresh serum that contains anti-Le?
may hemolyze Le(a+) red cells in vitro.
Approximately 22% of the population is
Le(a+).
[Harmening 2005, p153)

208 a The reactivity of anti-k and anti-Jsh with

Ny enzyme pretreated cells is unchanged and
anti-e would show enhanced reactivity with
enzyme treated cells. Chido antigens are
sensitive to treatment with most enzymes
and anti-Ch would therefore not react with
enzyme pretreated cells. The Chido antigen
is a high incidence antigen.
[Harmening 2005, pp142, 177, 200|

209 a Antibodies to antigens on cells 2, 3, 4,
and 5 can be ruled out in tubes Il and 11, in
which there was no reaction between patient
serum and cells.

[Harmening 2005, pp25¢ 252]

210 b Anti-Kand anti-P, can be ruled out on

omiy cell 1 since there is no agglutination of cell 1
with the patient’s sample. Anti-M and anti-
Jk* can be climinated on cell 2, which has a
double-dose antigen expression of both M
and Jk*.

[Harmening 2005, pp250 252]

211 4 Antibodies to C, Le" and Jk* can be

v eliminated due to the lack of agglutination
with panel cells T and 2. Panel cells 1 and 2
possessed the C, LeP and Jk* antigens. Only
anti-C remains.

[Harmening 2005, pp250-252)

212 b Lewis antibodies are usually [gM
and agglutinate saline suspended cells.
Approximately 22% of the population is
Le{a+), which would account for 3 out
of 10 donor units being incompatible.
Anti-P| is also an antibody that may
react at immediate spin, but 79% of the
white population and 94% of the black
population are Py+. Anti-C and anti-Fy®
are IgG antibodies that react at the
antiglobulin phase,

{Harmening 2005, pp153. 171, 1801811
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a Chido antibodies are considered
clinically insignificant.
[Harmening 2005, p200)

b Lack of agglutination between patient
serum and with cells that tack one of the
high incidence antigens would confirm the
specificity of the antibody.

|Harmenang 2005, p258]

¢ An ABO discrepancy in an A individual,
manifested by agglutination in the serum
grouping with A; cells, is most likely due

to anti-H. The greatest concentration of H
substance is found on O cells, followed hy
A, cells. The least amount of H substance is
found on A; and A B cells,

|Harmening 2005, pl 18]

b Reactivity at 37°C and AHG indicate
the presence of an [gC antibody. Anti-M,
although usually IgM, may be partly or
whally [gG. Anti-M is ruled out on cell 4,
Anti-Le® is usually lgM and can be ruled out
on cells 4 and 8. This leaves anti-E, anti-Fy”
and anti-K.

[Harmening 2005, pp250-252|

a  All 3 antibodies can cause HDFN and
delayed transfusion reactions. Anti-Jk* is
associated with showing dosage.
[Harmening 2005, pl77, 180 181, 183]

a Rh antibodies demonstrate enhanced
reactivity with enzyme-pretreated cells.
Antibodies in the Kell system do not have
enhanced reactivity with enzyme-pretreated
cells. Anti-E and -D are ruled out on cell 3,
and anti-K is ruled out on cell 7.

[Harmening 2005, pp250 252|

b Anti-Fy" may cause mild to rarely severe
hemolytic disease of the fetus and newhorn.
[Harmening 2005, pp250-252)

a  The direct antiglobulin test (DAT) is
used to identify red blood cells that have
been coated with antibody in vivo.

|AABB Tech Manual 2008b, p278]

b [ncold agglutinin syndrome, anti-1 acts
as a complement binding antibody with

a high titer and high thermal amplitude.
The complement cascade is activated and
C3d remains on the red cell membrane of
circulating cells.

[Harmening 2005, pl 72|
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a  An anamnestic response is a secondary
response from memory cells. There will be
an increase in antibody titer upon exposure;
the antibody sensitizes incompatible cells
circulating in the patient. The DAT appears
mixed-field since the patient’s own cells are
not sensitized.

IAABB Tech Manuat 2008h, pd416|

d  After washing cells for the DAT

or [AT procedure, the AHG should be
added immediately and read. Delay can
cause a weakened or negative result due
to dissociation of the bound 1gG in the
prolonged time before reagent is added.
[AABB Tech Manual 2008b, pdi)

b Polyspecific AHG contains anti-[gG and
anti-C3d.
LAABD Tech Manual 2008b, pA71|

d  Antiglobulin reagent is used to detect
the presence of red cells, coated in vivo with
IgG and/or C3d. Antiglebulin reagent may
be polyspecific (contains an anti-IpG and
anti-C3d) or monaspecific (anti-[gG or anti-
C3d).

[Harmening 2005, pd&|

¢ AHG control cells are [gG-sensitized
cells that react with the anti-[gG in the AHG
reagent to demonstrate AHG was added and
not neutralized by insufficient washing of
the tests prior to its addition,

|AABB Tech Manuai 2008h, pday|

¢ Cold agglutinin disease is associated
with cold reactive antibodies that typically
activate complement. Cells that do not
undergo lysis due to complement activation
have C3d attached to the red blood cells.
{AABB Tech Manual 2008b, p511]

a Detection of antibodies to penicillin
requires treatment of test cells with
penicillin and the subsequent testing of the
patient’s plasma and eluate. Test cells that
have not been treated with penicillin do
not react.

|AABB Tech Manual 2008b, pp515-518|

¢ EDTA chelates calcium preventing blood
to clot. This chelation of calcium also will
stop the complement cascade. Calcium ions
are necessary for C1 to attach to IgG on the
red blood cells.

{AARB Tech Manual 2008b, p500|
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230 ¢ Methyldopa is frequently listed as the
prototype for drug-independent antibody
mechanism where autoantibody is present
on the red cells and may also be present in
the plasma.

[AABR Tech Manual 2608b, pp515-518)

231 b Auto-antibody specificity in cold

owiy agglutinin syndrome is most often anti-1.
This auto-antibody reacts optimally at 4°C,
but also reacts between 25°C and 31°C.
Auto anti-] can activate complement so C3d
can be attached to patient cells. The eluate
will be negative as C3d cannot be eluted
from cells.

[Hartnening 2005, pp398-400|

232 b Second and third generation
cephalosporins react when the drug is
present in vitro. When serum, drug, and
red cells are present, direct or indirect
agglutination or lysis may be observed.
| AABE Tech Manual 200Bb, pp515-518)

233 ¢ Anegative reaction after the addition
of check cells indicates AHG serum was not
present. Inadequate washing of red cells may
leave residual patient serum behind, which
can neutralize AHG serum,
[Harmening 2005, p101|

234 d Weak antibodies may be missed if there
are excess RBC antigens as there may be too
few antibodies to bind to red cell antigens.
Harmening 2005, plo2|

235 ¢ A, cells react more strongly with
anti-A,B than with anti-A. If anti-A is
nonreactive, A, cells may be detected with
anti-A B.

IAARDE Tech Manual 2008b, p366]

236 ¢ A solution of 8% bovine albumin can be
prepared by diluting the more concentrated
solution with normal saline. The formula
to be used is: (volumel x concentration1)
= (volume2 x concentration2). A
solution of 6%-8% albumin is used with
some anti-D reagents as a control for
spontaneous agglutination.
|AABB Tech Manual 2008h, pp726-727)

237 b Rh antibodies show enhanced reactivity
with enzyme pretreated cells. Treatment of
red cells with enzymes weakens reactivity
with antibodies in the MNS and Duffy
systems.

[Harmening 2005, pp166-167, 180-181]

238

239

240

241

242

MILS
ONLY

b Patients may have antibodies to
components of reagents. Washing the
patient's cells prior to testing to remove
their plasma from the cell suspension will
resolve the reactivity with anti-B.

[AABB Tech Manual 2008b, p370)

a  Enzyme treatment would allow for
differentiation of the remaining antibodies
after rule outs. The Fy” antigen would

be denatured, allowing determination of
whether anti-Jk* and -K are present, and to
confirm anti-E.

[Harmeming 2005, p252)

€ Soluble forms of some blood group
antigens can be prepared from other
sources and used to inhibit reactivity of

the corresponding antibody, such as the
HTLA antibodies anti-Ch and anti-Rg. Most
HTLA antibodies, although weakly reactive
in undiluted serum, will continue to react
weakly at higher dilutions.

|AABE Techy Manual 2008h, ppdda 445)

d For neutralization studies to be valid,
the saline dilutional control must be
reactive. Since neutralization studies involve
adding a substance to the patient’s plasma,
nonreactivity in test tubes may be due to
simple dilution. The saline control acts as
the dilutional control and must be reactive.
When the saline control is reactive, then if
the tube with the substance is nonreactive,
the interpretation that neutralization

has occurred is made. 1f it is reactive,
neutralization did not occur.

|AARR Tech Manua) 2008b, +480)

& [nneutralization, a known source of a
blood group soluble substance (for example,
saliva, urine, or plasma) is incubated with
a plasma antibody. During the incubation,
the antibody combines with the soluble
substance. The antibody is neutralized and
inhibited frem combining with the same
blood group substance found on red blood
cells when the blood cells are added to

the system.

IHarmening 2005, p252|
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243 b Anti-LePis confirmed because the
tubes with Lewis substance are negative.
Neonreactivity of the serum with Le(b+)
cells indicates the anti-LeP in the serum was
neutralized by the Lewis substance. The test
is valid since the patient's serum with saline
rather than substance added is still able to
react with the Le(b+) cells.
| Harmening 2005, p155]

244

Ml
LY

d Reactivity with anti-H is no longer
demonstrable, which indicates H substance
is present. There is no A or B substance

in the saliva as evidenced by the ability of
anti-A and anti-B reacting with respective
cells. People with H substance and no Aor B
substance are group O secretors.

[AABB Tech Manual 2008b, p8R3|

245 ¢ Secretor studies demonstrates the
presence of a substance by the observation
of neutralization of the corresponding
antibody. Nonreactivity with B and O cells
indicates B and H substances are present in
the saliva so the red cells from this person
are group B.

[AARB Tech Manual 2008b, pBE3]

246 a In the solid phase technology, the
antibody screening cells are bound to the
surface of the well. Antibody specific for
antigen on the red blood cells attaches,
resulting in a diffuse pattern of red bluod
cells in the well. A negative reaction would
have manifested as a pellet of red blood cells
in the bottom of the well.

[Harmemng 2005, pp216-247]

247 b 'The K antigen is integral to the red
cell membrane and would not change

in a patient. Errors in typing or patient
identification may be detected when
discrepancies are found when comparing
historical records.

|AABB Tech Manual 2008b, ppa18 419]

248 d  Polyagglutination is a property of the
red blood cells. Structures on the red cells
are aitered due to bacterial enzymes or a
somatic mutation, so crypt antigens not
normally exposed on cells are now present.
Antibodies to the exposed structures are
naturally occurring in adult plasma.
|Harmening 2003, p528|

249 ¢ Rouleaux will readily disperse in saline
whereas true agglutination will remain after
saline replacement.
| AABR Tech Manual 2008b, pp903-904]
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a The Donath-Landsteiner test is
diagnostic for PCH. The antibody is IgG

and is biphasic: hemolysis occurs when the
antibody is incubated with cells and cold
temperatures and then incubated at 37°C.
Often the antibody demonstrates specifcity
towards the high-incidence antigen P (not to
be confused with P,). The antibody screen is
usually negative and the patient’s red cells
are coated with complement,

|AABE Tech Manual 2008h, pp383, 514]

b Two reagents used for removing

tgG from red blood cells are chloroquine
diphosphate (CDP) and EDTA glycine acid
(EGA). Using either of these procedures is
useful to reduce a patient’s DAT and allow
phenotyping with [AT reactive antisera.
[AABR Tech Manual 2008b, p&94)

a  Anti-Fy"! would not react with enzyme
pretreated cells; a select cell panel would
allow for individual reactivity of the
remaining 2 antibodies. Thiol reagents
would be used to disperse agglutination of
1gM antibodies; the antibodies in question
are [gG.

[Harmening 2005, p252]

¢ Dolichos bifforus plant seed extract forms
complexes with N-acetylgalactosamine,
When properly diluted, it can distinguish
between Ay donor cells and all ather
subgroups of A.

|AARB Tech Manual 20080, p iG5|

d The serum of a group O individual
contains anti-A, anti-B and anti-A,B.

To prepare a suitable reagent, the ABO
antibodies must be removed and anti-D
left in the serum. The serum would need
to be adsorbed with cells of the A B, cde/
cde phenotype.

[Harmening 2005, p1 1t

d Since the auto control is positive

after the AHG phase and no reactivity was
detected at immediate spin, the serology is
most consistent with a warm autoantibody.
An adsorption with autologous cells to
remove the antibody to used the adsorbed
plasma for alloantibody detection is the
next step.

|AABR Tech Manual 2008b, pp506-507]
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a ZZAP is areagent to remove IgG from
the patient’s own cells to allow better
adsorption of IgG autoantibody from

the patient’s plasma onto the cells. The
intent of the autoadsorption is to remove
autoantibody to look for alloantibodies prior
to transfusion.

|AABB Tech Manual 2008b, pp507-508)

a Treating autologous cells with a
proteolytic enzyme such as ficin enhances
the adsorption of the cold reactive antibody.
{AABB Tech Manual 2008b, pp512 513]

d  Anelution is the process of removal of
antibody from red blood cells. The product
of the elution method is an eluate. The
eluate contains the antibody and can be used
in antibody identification methods.
|Harmening 2005, p523|

a Adsorption and elution technigues
are used to detect ABO antigens that are
not detectable by direct apglutination.
The cells are incubated with the antibody
(anti-A or anti-B) to the antigen expected
on the red blood cells. An elution method
is performed and the antibody in the eluate
is tested for recovering anti-A {(or anti-B
depending on the specificity that was used
in the adsorption).

[AABB Tech Manual 2008h, p366]

¢ Antibody-antigen complexes are
dependent upon a neutral pH. Extremes
in pH causes dissociation. Both auto and
alloantibodies are recovered in elutes
prepared by reagent kits that alter the pH.
|AABB Tech Manual 2008b, ppu14 422|

Transfusion Practice

261

262

b Each unit of Whole Blood or RBCs will
increase the hematocrit by 3%-5%, so 2
units of RBCs will increase the hematocrit by
twice as much as 1 unit of Whele Blood.
[Harmening 2005, p305)

¢ For emergency transfusions, group O-
RBC units should be used.
|Harmening 2005, p314]
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d Granulocyte transfusions may be
indicated for severely neutropenic patients
with infections not controlled by antibiotic
therapy, who are expected to recover bone
marrow production of white cells.

|AABR Tech Manual 2008b, pp596 597)

b Each unit of RBCs is expected to
increase the hemoglobin level by 1-1.5 g/dL
(10-15 g/L).

|Harmening 2005. p305|

b  Each unit of RBCs is expected to
increase the hematocrit level by 3%-5%, so
it would take 2 units to raise the level 6%.
|Harmening 2005, p305|

€ CMV-seronegative or leukoreduced
blood products should be administered to
immunocompromised patients, including
hone marrow and hematopoietic cell
transplant recipients.

[Harmening 2005, p310|

b Cryoprecipitate contains ABO
antibodies so one should consider giving
ABO compatible, especially when infusing
large volumes.

[AABE Tech Manual 2008b, pd67)

d Class ] HLA antigens on platelets are

a known cause for platelet refractoriness.
Leukoreduction of blood products is used as
a mechanism to reduce or prevent patients
from developing antibodies.

|AADBE Practical Guide 2007, ch11]

a  Patients with [gA deficiency who have
had anaphylactic transfusion reactions
should receive washed RBCs. Anaphylactic
reactions are typically caused by anti-IgA in
the recipient. Washing removes plasma IgA
from the donor unit. cells.

| Harmening 2005, p305)

d FFP should be ABO compatible with the
recipient’s RBCs. Avoid FFP with antibodies
to A or B antigens the patient may have.
Group A plasma has anti-B, and should only
be transfused to A or O recipients.

|Harmening 2005, p307|

d FFP should be ABO compatible with
the recipient’s RBCs. Avoid FFP with ABO
antibodies to A or B antigens the patient
may have.

[Harmenmng 2005, p307]

b Each unit of platelets should increase the
count 5,000-10,000/pL (5,000-10,000/L).
[Harmening 2005, p306]
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273 ¢ Functional abnormalities are frequent
e in hypoproliferative thrombocytopenia.
Decreased platelets is not an outcome
of a hemolytic transfusion reaction,
posttransfusion purpura is usually
self-limiting and is due to an antibody
to a specific platelet antigen, immune
thrombocytopenia purpura patients
have low platelet counts but rarely
have hemorrhage.
[AABB Tech Manual 2008b, pS79)
274 d  Washing red blood cells with saline
Uhiy removes donor plasma and IgA, and
prevents anaphylactic reactions due to
anti-IgA in the recipient,
[Harmening 2005, p305)

275 b Anaphylactic transfusion reactions are
distinguished from other types of reactions
by 1) the absence of fever, and 2) the
reactions are sudden in onset after infusion
of only a few mL of blood. Since the reaction
is due to anti-IgA, washing the donor red
blood cells to remove all plasma protein
is indicated. Alternatively, blood products
from IgA-deficient donors may be used.
[Harmening 2005, p342|

276 a  FFP should be ABO compatible with
the recipient’s RBCs. Avoid FEP with ABO
antibodies to A or B antigens the patient
may have. Rh type is not significant.
[Harmerng 2005, p307]

277 ¢ FFP should be ABO compatible with the
recipient’s RBCs. [f patient's type has not
been determined (currently), plasma lacking
anti-A and anti-B should be given.

[Harmening 2005, p307|

278 ¢ FFP contains all factors, including
cryoprecipitate. [t does not have a
higher risk of transmitting hepatitis
than Whole Blood. It must be transfused
within 24 hours of thawing and must be
ABO compatible.

[Harmening 2005, p307)

279 ¢ Each unit of platelets should increase
the count 5,000-10,000 platelets/pL (5,000-
10,000/L}. Platelet antibodies can diminish
this expected increment.

[Harmening 2005, p306|
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¢ Symptoms of hemolytic transfusion
reactions are fever, chills, flushing, chest and
back pain, hypotension, nausea, dyspnea,
shock, renal failure, and DIC. Circulatory
overload, allergic, and anaphylactic reactions
are not characterized by fever,

|Harmening 2005, p33%]

d Alloimmunization to the HLA results
in refractoriness to random donor platelet
transfusions.

[Harmeniny, 2005, p33%]

b Alloimmunization to the HLA results
in refractoriness to random donor platelet
transfusions,

[Harmening 2005, p443)

¢ Posttransfusion purpura (PTP) is
caused by platelet-specific alloantibody in a
previously immunized recipient. Transfused
donor platelets in biood products are
destroyed, with concomitant destruction

of the recipient’s own platelets, through
unknown mechanisms. The usual antibody
specificity is HPA-1a.

|Flarmening 2005, pp345-346)

d  Previously immunized patients may
have an undetectable level of antibody.
Transfusion of antigen-positive donor

red cells may cause an anamnestic
response and result in a delayed hemolytic
transfusion reaction. Symptoms may be
mild, and present only as jaundice and
unexplained anemia.

|Harmening 2005, pp345-346]

b Delayed hemolytic transfusion reactions
are caused by a secondary anamnestic
response in a previously alloimmunized
recipient. Unlike a primary response, a
secondary response is rapid. Antibody

may be detectable 3-7 days from the time

of transfusion.

[Harmening 2003, p340|

a  Antibodies in the ABO system may
activate complement and cause immediate
intravascular hemolysis if incompatible
blocd is transfused. Antibodies in the Rh,
Duffy, and MN systems typically cause
extravascular hemolysis, which is usually
less severe.

[Harmening 2005, p33b)
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a  ABO antibodies activate complement
and may cause intravascular hemolysis. Rh,
Kell, and Duffy antibodies are primarily
associated with extravascular hemolysis.
[Harmening 2005, pptG9-110, 143,177

b Antibodies in the Kidd system activate
complement and may cause intravascular
hemolysis. The antibodies often decline in
vivo, are weak, show dosage, and are difficult
to detect in vitro, making thern prime
candidates for causing anamnestic delayed
hemalytic transfusion reactions.

[Harmening 2005, p183]

a  ABO antibodies activate complement
and may cause intravascular hemolysis.
The antibodies are naturally occurring
against A and B antigens that the recipient
lacks. Rh and Duffy antibodies may also
cause hemolytic transfusion reactions,

but the antibodies are the results of
alloimmunization and not naturally present
in recipients who lack the antigen. The
incidence of septic transfusion reactions
from bacterial contamination of Red Blood
Cells is rare, about 1:500,000.

[Harmening 2005, ppl09, 339, 344]

d  Patients receiving >1 blood volume
replacement often develop thrombo-
cytopenia and require platelet transfusion.
[Harmening 2005, p314]

d A positive DAT in a posttransfusion
blood sample usually indicates that the
patient is producing alloantibody against
an antigen present on the transfused donor
red cells. An elution should be performed
to remove the antibody from the red cells
and identify it. Free antibody may also
be present in the serum. If the antibody
screen is positive, the antibody should

be identified.

[Harmenny 2005, p350)

a  Tree hemoglobin released from
destruction of transfused donor red cells
will impart a distinct pink or red color in the
posttransfusion sample plasma.

[Harmening 2005, 5349)
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d  The immediate steps required to
investigate a transfusion reaction include
a clerical check of records and labels, visual
inspection of postreaction plasma for
hemolysis, and direct antigtobulin test and
repeat ABO typing on the postreaction
sample. Additional investigation is
performed when there is evidence of
hemolysis, bacterial contamination, TRALI,
or other serious adverse event.

|AABE Standards 20084, §7-4-2|

a In septic transfusion reactions, patients
experience fever >101°F (38.3" C), shaking
chills, and hypotension. In severe reactions,
patients develop shock, renal failure,
hemoglobinuria, and DIC.

[AABB Tech Manual 2008b, p729]

¢ Clinical signs of a hemolytic transfusion
reaction include fever and chills, and, in
severe cases, DIC. Circulatory overload,
allergic and anaphylactic reactions are not
characterized by fever and DIC.

[Harmening 2005, pp338 343

a  Bilirubin is a marker for red cell
hemolysis. Bilirubin peaks at 5-7 hours after
transfusion and is back to pretransfusion
levels at 24 hours if liver function is normal.
LAABE Tech Manual 2008b, p723)

d  Delayed hemolytic transfusion reactions
may occur in recipients who are previously
immunized but who do not have detectable
antibody, if they receive blood with the
corresponding antigen. When there is a
history of clinically significant antibodies,
donor red cells should be phenotyped and
antigen-negative blood selected. A complete
antiglobulin crossmatch must be performed.
[Marques 2007, pp51 852, 77)

b f the direct antiglobulin test is positive
in a transfusion reaction investigation, the
antibody should be eluted from the red cells
and identified.

[Marques 2007, pp72 74|
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1: Blood Bank | Transfusion Practice

Answers

299 ¢ Lack of expected rise in hemoglobin
after transfusion may be a sign of a delayed
hemolytic transfusion reaction. [f the DAT
is positive, an elution should be performed
to remove and identify the antibody coating
the transfused donor red cells. In this
case, the antibody is not detectable in the
antibody screen, so a routine cell panel on
the serum would not be heitpful. Since the
transfusion occurred 3 weeks previously,
donor samples are not available for testing,
[Harmening 2005, pp340, 349-350]

300 b Delayed hemolytic transfusion reactions
are associated with extravascular hemolysis,
rather than intravascular. Alloantibody coats
the transfused antigen-positive donor cells
in the recipient’s circulation, producing a
mixed-feld positive reaction in the DAT.
[Harmening 2005, pp340. 349-350]

301 a [n massive transfusions, Platelets are

omiy indicated if the platelet count is less than
50,000/ul (50,000/L).
|Harmening 2005, p314]

302 d Treatment of acute hemolytic
transfusion reactions focuses on supportive
measures and control of DIC, hypotension,
and acute renal failure.

[Harmening 2005, p339§

303 ¢ Red Blood Cells, Leukocyte-Reduced
should be chosen, because febrile
nonthemolytic transfusion reactions are
either due to chemokines released from
leukocytes in nonleukoreduced blood
components or to patient antibadies
directed towards donor HLA antigens on
the leukocytes.
|Harmening 2005, p341]

304 ¢ Leukocyte-Reduced RBCs and Platelets
can be used to prevent further nonhemolytic
transfusion reactions.
|Harmening 2005, p310]

305 a Leukocyte antibodies are a
primary cause of febrile transfusion
reactions. Leukocyte-reduced blood
components reduce the risk of febrile
nonhemolytic reactions.
|Harmening 2005, p341]

306 ¢ Anaphylactic transfusion reactions
are attributed to anti-IgA in IgA-
deficient recipients.

[Harmening 2005, p342|

72 The Board of Certification Study Guide

307

308

309

310

311

312

¢ Two distinguishing features of
anaphylactic transfusion reactions are that
symptoms occur with transfusion of only
small amounts of blood, and the patient has
no fever,

|Harmening 2005, p342)

d Febrile nonhemolytic transfusion
reactions are defined as fever of 1°C or
greater (over baseline temperature) during
or after transfusion, with no other reason
for the elevation than transfusion, and no
evidence of hemolysis in the transfusion
reaction investigation. Allergic reactions,
citrate toxicity, and circulatory overload are
not characterized by fever.

[Harmening 2005, p34 ]

b Allergic reactions are a type 1 immediate
hypersensitivity reaction to an allergen in
plasma. Most are mild reactions shown by
urticaria (hives, swollen red wheais) which
may cause itching.

{Harmening 2005, pp341-342]

a  Febrile nonhemolytic transfusion
reactions are defined as fever of 1°C or
greater {over baseline temperature) during
or after transfusion, with no other reason
for the elevation than transfusion, and no
evidence of hemolysis in the transfusion
reaction investigation.

|Harmening 2005, p341|

d Febrile nonhemolytic transfusion
reactions occur in about 1% of transfusions,
making it one of the most common types

of reaction. Neither transfusion-associated
circulatory overload (TACO) or anaphylactic
transfusion reactions are characterized by
fever. Bacterially contaminated Red Blood
Cells are rare, and rapidly produce severe
symptoms upon transfusion.

|Harmening 2005, pp341-344|

d Febrile nonhemolytic transfusion
reactions are caused by leukoagglutinins

in the patient or cytokines released from
donor leukoceytes during storage. Since

these reactions are not caused by red cell
antibodies, transfusion investigation studies
show no hemolysis or abnormal test results.
[Margues 2007, pp72-74]
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Answers
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315

316

317

318

319

320

b TRALI is most commeonly caused

by donor HLA or granulocyte-specific
antibodies that react with recipient antigens,
causing damage to the lung basement
membrane and bilateral pulmonary edema
within 6 hours of transfusion. Multiparous
females are more likely to have antibodies
than males. Using male donors as the sole
source of plasma products is a strategy for
reducing the risk of TRALL

fAABB Tech Manual 2008b, pp733-735)

d Prestorage leukoreduction reduces the
number of white cells in Apheresis Platelets
and RBCs, and significantly decreases the
risk of febrile reactions.

|AABE Tech Manual 20086, p730|

d Noncardiogenic pulmonary edema,
dyspnea, hypotension, and hypoxemia
occurring within 6 hours of transfusion are
clinical symptoms of TRALL

|Marques 2007, p76]

a  Anaphylactic transfusion reactions are
severe reactions that occur after infusion of
a small amount of donor blood. Symptoms
are hypotension, shock, respiratory distress,
dyspnea, and substernal pain. Anaphylactic
reactions are usually caused by anti-lgA.
|Marques 2007, p75]

¢ Leukoreduction of blood products
reduces the risk of febrile nonhemolytic
transfusion reactions, which are caused
by leukoagglutinins or cytokines from
white cells,

{Marques 2007, p20}

d One reason to quarantine blood
components before transfusion is hemolysis
of the red cells. Hemolysis of red cells

is an indication of contamination or
improper storage.

[Harmening 2005, 284

¢ Transfusion-associated circulatory
overload (TACQO) is hypervolemia
manifested by coughing, cyanosis, and
pulmonary edema.

|Harmening 2005, p343]

¢ Transfusion-associated circulatory
overload (TACO) is hypervolemia caused

by blood transfusien in susceptible

patients. Hemolytic {antibody to red cell
antigen), febrile NHTR (leukoagglutinins or
cytokines), and allergic (reaction to allergens
in plasma) are immunologic reactions.

|AABB Tech Manual 2008b, pp725-731]

321

322

323

324

325

326
MIs

327

328

ML

CINLY

d Transfusion-induced hypervolemia
causing edema and congestive heart failure
is a feature of transfusion-associated
circulatory overload (TACO). Hypervolemia
is not a complication of a hemolytic, febrile,
or anaphylactic transfusion reaction.
[Harmening 2005, pp338 343|

b Hypervolemia due to transfusion

in susceptible patients, such as cardiac,
elderly, infants, or severely anemic, causes
circulatory overload (TACO) and associated
respiratory and cardiac problems.
{Harmening 2005, p343}

a  Septic transfusion reactions due to
contaminated blood products are manifested
by high fever, chills, hypotension, shock,
nausea, diarrhea, renal failure, and

DIC. Symptoms usually appear rapidly.
Transfusion reaction investigation shows

no evidence of unexpected blood group
antibodies. A Gram stain and blood culture
of the donor unit may detect the presence of
aerobic or anaerobic organisms.

[Harmening 2005, p344]

¢ Hepatitis transmission is unlikely, bui
has a higher risk of transmission through
blood transfusion than CMV (rare), syphilis
(no transfusion-transmitted cases reported
in >30 years), or HIV (1:2,300,000 units).
[AARE Tech Manual 2008k, pp242 251]

b Irradiation inhibits proliferation of
T cells and subsequent GVHD.
[Flarmening 2005, p227|

d Blood from a family member may be
homozygous for a shared HLA haplotype,
allowing donor lymphocytes to engraft

in the recipient and cause transfusion-
associated GVHD,

| Harmening 20605, p347|

¢ Gamma irradiation of blood products
prevents denor lymphocytes from
replicating afier transfusion and causing
transfusion associated graft-vs-host disease
in susceptible patients.

[Harmening 2003, p347|

d  The most common use of therapeutic
plasmapheresis is to remove plasma
abnormalities, such as pathological
antibodies, immune complexes,

or cryoglobulins.

|AABB Practical Gude 2007, ch14]
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Answers-Blood Bank

1: Blood Bank | Transfusion Practice

Answers

329 b Macroglobulinemia, also known as

oney Waldenstrém, is a syndrome with [gM
menoclonal paraprotein. Since IgM protein
is intravascular, plasma exchange provides
symptomatic relief.

[AABB Practical Guide 2007, ch14}

[#%]
L]
(=1

d The major cause of transfusion-
associated fatalities is transfusion of blood
to the wrong patient.

|Harmening 2005, p264|
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2: Chemistry | Carbohydrates Questions

Chemistry
The following items have been identified generally as appropriate for both entry level medical laboratory
scientists and medical laboratory technicians. Items that are appropriate for medical laboratory scientists only
are marked with an “MLS ONLY.” )
75 Questions 128  Answers with Explanations

75 Carbohydrates 129 Carbohydrates

78 Acid-Base Balance 129 Acid-Base Balance

B1 Electrolytes 130 Electrolytes

85 Proteins and Qther Nitrogen-Containing 130 Proteins and Other Nitrogen-Containing

Compounds Compounds

95 Heme Derivatives 132 Heme Derivatives

99 Enzymes 133 Enzymes

104 Lipids and Lipoproteins 136 Lipids and Lipoproteins

107 Endecrinology and Tumor Markers 137 Endocrinology and Tumor Markers

113 TDM and Toxicology 139 TDM and Toxicology

115 Quality Assessment 140 Quality Assessment

117 Laboratory Mathematics 141 Laboratory Mathematics

121 Instrumentation 142 Instrumentation
Carbohydrates

1  Following overnight fasting, hypoglycemia in adults is defined as a glucose of:

<70 mg/dL (£3.9 mmal/L)
$60 mg/dL (3.3 mmol/L)
<55 mg/dL (£3.0 mmol/L)
<45 mg/dL (£2.5 mmol/L)

ano'e

2 The following results are from a 21-year-old patient with a back injury who appears
otherwise healthy:

whole blcod glucose: 77 mg/dL (4.2 mmol/L)
serum glucose: 88 mg/dL (4.6 mmol/L)
CSF glucose: 56 mg/dL (3.1 mmol/L)

The best interpretation of these results is that:

a the whole blood and serum values are expected but the CSF value is elevated
b the whole blood glucose value should be higher than the serum value

¢ all values are consistent with a normal healthy individual

d the serum and whole blood values should be identical

3 The preparation of a patient for standard glucose tolerance testing should include:

a a high carbohydrate diet for 3 days
b alow carbohydrate diet for 3 days

¢ fasting for 48 hours prior to testing
d bed rest for 3 days
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4

10

11

If a fasting glucose was 90 mg/dL, which of the following 2-hour postprandial glucose results
would most closely represent normal glucose metabolism?

a 55 mg/dL (3.0 mmol/L)
b 100 mg/dL (5.5 mmol/L}
¢ 180 mg/dL (9.9 mmol/L)
d 260 mg/dL (14.3 mmol/L)

A healthy person with a blood glucose of 80 mg/dL (4.4 mmol/L) would have a simultaneously
determined cerebrospinal fluid glucose value of:

a 25mg/dL (1.4 mmol/L)
b 50 mg/dL (2.3 mmol/L)
¢ 100 mg/dL (5.5 mmol/L)
d 150 mg/dL (8.3 mmol/L)

A 25-year-old man became nauseated and vomited 30 minutes after receiving a standard 75 g
carbohydrate dose for an oral glucose tolerance test. The best course of action is to:

a give the patient a glass of orange juice and continue the test

b start the test over immediately with a 50 g carbohydrate dose

¢ draw blood for glucose and discontinue test

d place the patient in a recumnbent position, reassure him and continue the test

Cerebrospinal fluid for glucose assay should be:

a refrigerated

b analyzed immediately

¢ heated to 56°C

d stored at room temperature after centrifugation

Which of the following 2 hour postprandial glucose values demonstrates unequivocal
hyperglycemia diagnostic for diabetes mellitus?

a 160 mg/dL (8.8 mmol/L)
b 170 mg/dL (9.4 mmol/L)
¢ 180 mg/dL (9.9 mmol/L)
d 200 mg/dL {11.0 mmol/L)

Serum levels that define hypoglycemia in pre-term or low birth'weight infants are:

a the same as adults

b lower than adults

¢ the same as a normal full-term infant
d higher than a normal full-term infant

A 45-year-old woman has a fasting serum glucose concentration of 95 mg/dL (5.2 mmol/L} and a
2-hour postprandial glucose concentration of 105 mg/dL (5.8 mmol/L). The statement which best
describes this patient's fasting serum glucose concentration is:

normal; reflecting glycogen breakdown by the liver
normal; reflecting glycogen breakdown by skeletal muscle
abnormal; indicating diabetes mellitus

abnormal; indicating hypoglycemia

ah ote

Pregnant women with symptoms of thirst, frequent urination or unexplained weight loss should
have which of the following tests performed?

a tolbutamide test

b lactose tolerance test

¢ epinephrine tolerance test
d glucose tolerance test
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12

13

14

15

16

17

18

19

In the fasting state, the arterial and capillary blood glucose concentration varies from the venous
glucose concentration by approximately how many mg/dL (mmol/L)?

a 1mg/dL (0.05 mmol/L) higher
b 5 mg/dL (0.27 mmol/L) higher
¢ 10 mg/dL (0.55 mmol/L) lower
d 15 mg/dL (0.82 mmol/L) lower

The conversion of glucose or other hexoses into lactate or pyruvate is calied:

a glycogenesis

b glycogenolysis
¢ gluconeogenesis
d glycolysis

Which one of the following values obtained during a glucose tolerance test are diagnostic of
diabetes mellitus?

a 2-hour specimen =150 mg/dL (8.3 mmol/L)
b fasting plasma glucose =126 mg/dL (6.9 mmol/L})
c fasting plasma glucose = 110 mg/dL (6.1 mmol/L)
d 2-hour specimen = 180 mg/dL (9.9 mmol/L)

The glycated hemoglobin value represents the integrated values of glucose concentration during
the preceding:

a 1-3 weeks
b 4-5 weeks
c 6-8 weeks
d 16-20 wecks

Monitoring long-term glucose control in patients with adult onset diabetes mellitus can best be
accomplished by measuring:

a weekly fasting 7 AM serum glucose
b glucose tolerance testing

¢ 2-hour postprandial serum glucose
d hemoglobin Ay,

A patient with Type 1, insulin-dependent diabetes mellitus has the following results:

Test Patient Reference Range

fasting blood glucose: 150 mg/dL (8.3 mmol/L) 70-110 mg/dL (3.9-6.1 mmol/L)
hemoglobin A 8.5% 4.0%-6.0%
fructosamine: 2.5 mmol/L 2.0-2.9 mmol/L

After reviewing these test results, the technologist concluded that the patient isin a;

a “steady state” of metabolic control

b state of flux, progressively worsening metabolic control

¢ improving state of metabolic control as indicated by fructosamine
d state of Aux as indicted by the fasting glucose level

Total glycosylated hemoglobin levels in a hemolysate reflect the:

a average blood glucose levels of the past 2-3 months
b average blood glucose levels for the past week

¢ blood glucose level at the time the sample is drawn

d hemoglobin A level at the time the sample is drawn

Which of the following hemoglobins has glucose-6-phosphate on the amino-terminal valine of
the beta chain?

a3
b C
C A2
d A,
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20

21

22

23

24

25

A patient with hemolytic anemia will:

show a decrease in glycated Hgb value

show an increase in glycated Hgb value

show little or no change in glycated Hgb value
demonstrate an elevated Hgb A,

oo

In using ion-exchange chromatographic methods, falsely increased levels of Hgb A, might be
demonstrated in the presence of:

a iron deficiency anemia
b pernicious anemia

¢ thalassemias

d Hgb$

An increase in serum acetone is indicative of a defect in the metabolism of;

carhohydrates
fat

urea nitrogen
uric acid

ange

An infant with diarrhea is being evaluated for a carbohydrate intolerance. His stool yields a
positive copper reduction test and a pH of 5.0. It should be concluded that:

a further tests are indicated

b results are inconsistent—repeat both tests

¢ the diarrhea is not due to carbohydrate intolerance
d the tests provided no useful information

Blood samples were collected at the beginning of an exercise class and after thirty minutes of
aerobic activity. Which of the following would be most consistent with the post-exercise sample?

a normal lactic acid, low pyruvate

b low lactic acid, elevated pyruvate

¢ elevated lactic acid, low pyruvate

d elevated lactic acid, elevated pyruvate

What is the best method to diagnose lactase deficiency?

a H, breath test

b plasma aldolase level
< LDH level

d D-xylose test

Acid-Base Balance

26

27

The expected blood gas results for a patient in chronic renal failure would match the pattern of;

metabolic acidosis
respiratory acidosis
metabolic alkalosis
respiratory alkalosis

[- "Rl - o

Severe diarrhea causes:

metabolic acidosis
metabolic alkalosis
respiratory acidosis
respiratory alkalosis

AN o
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Questions

28

29

30

31

32

33

34

The following blood gas results were obtained:

pH: 718

PO, 86 mm Hg

PCOy: 60 mm Hg

O, saturation: 92%

HCO4: 7921 mEqg/L (21 mmol/L)

TCO,: 23 mEg/L (23 mmol/L)

base excess: —-B8.0 mEq/L (8.0 mmol/L)
The patient’s results are compatible with which of the following?
a fever
b uremia

¢ emphysema
d dehydration

Factors that contribute to a PCO, electrode requiring 60-120 seconds to reach equilibrium
include the:

a diffusion characteristics of the membrane

b actual blood PO,

€ type of calibrating standard (ie, liquid or humidified gas)
d potential of the polarizing mercury cell

An emphysema patient suffering from fluid accunulation in the alveolar spaces is likely to be in

what metabolic state?

a respiratory acidosis
b respiratory alkalosis
¢ metabolic acidosis

d metabolic alkalosis

At blood pH 7.40, what is the ratio of bicarbonate to carbonic acid?

a 15:1
b 20:1
¢ 25:1
d 301

The reference range for the pH of arterial blood measured at 37°C is:

a 7.28-7.34
b 7.33-7.37
€ 7.35-7.45
d 7.45-7.50

A 68-year-old man arrives in the emergency room with a glucose level of 722 mg/dL
(39.7 mmol/L) and serum acetone of 4+ undiluted. An arterial blood gas from this patient
is likely to be:

low pH
high pH
low PO,

RN oe

A patient is admitted to the emergency room in a state of metabolic alkalosis. Which of
the following would be consistent with this diagnosis?

high TCO,, increased HCO4
low TCO,, increased HCO,
high TCO,, decreased H,CO4
low TCO,, decreased HoCO;

=PRI o ]

Clinical Laboratory Certification Examinations 79

—




2: Chemistry | Acid-Base Balance Questions

35 A person suspected of having metabolic alkalosis would have which of the following
laboratory findings?

a CO, content and PCO, elevated, pH decreased
b CO, content decreased and pH elevated

¢ CO, content, PCO; and pH decreased

d CO, content and pH elevated

36 Metabolic acidosis is described as a(n):

a increase in COj content and PCO; with a decreased pH
b decrease in CO, content with an increased pH

¢ increase in CO, with an increased pH

d decrease in CO5 content and PCO, with a decreased pH

37 Respiratory acidosis is described as a(n):

a increase in CO; content and PCO; with a decreased pH
b decrease in CO; content with an increased pH
¢ increase in CO; content with an increased pH
d decrease in CO5 content and PCO; with a decreased pH

38 A common cause of respiratory alkalosis is:

vomiting
starvation
asthma
hyperventilation

- - o ]

39  Acidosis and alkalosis are best defined as fluctuations in blood pH and CO, content due
to changes in:

a Bohr effect
b O, content
¢ bicarbonate buffer
d carbonic anhydrase

40 Ablood gas sample was sent to the lab on ice, and a bubble was present in the syringe. The blood
had been exposed to room air for at least 30 minutes. The following change in blood gases
will occur:

a CO, content increased/PCO, decreased

b CO, content and PO, increased/pH increased

¢ CO, content and PCO; decreased/pH decreased
d PO; increased/HCO; decreased

41 The following laboratory results were obtained:

Serum electrolytes

sodium: 136 mEq/L (136 mmal/L)
potassium: 4,4 mEq/L (4.4 mmol/L)
chloride; 92 mEg/L (82 mmol/L)
bicarbonate: 40 mEg/L {40 mmol/L}
Arterial blood
pH: 7.32
PCO,: 79 mm Hg

These results are most compatible with:

a respiratory alkalosis

b respiratory acidosis

¢ metabolic alkalosis

d metabolic acidosis
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2: Chemistry | Electrolytes

Questions

42

43

45

Select the test which evaluates renal tubular function.
IVPp

creatinine clearance
osmolarity
microscopic urinalysis

- -

patient had the following serum results:

Na*: 140 mEq/L {140 mmoi/L)
K+ 4,0 mEg/L (4.0 mmol/L}
glucose: 95 mg/dL (5.2 mmoi/L)
BUN: 10 mg/dL (3.57 mmol/L)

Which osmolality is consistent with these results?

a 188
b 204
c 270
d 390

The degree to which the kidney concentrates the glomerular filtrate can be determined by:

urine creatine

serurn creatinine

creatinine clearance

urine to serum osmolality ratio

- "R - ol

Osmolal gap is the difference between:

the ideal and real osmolality values
calculated and measured osmolality values
plasma and water osmolality values
molality and molarity at 4°C

= "I a B - o ]

Electrolytes

46

47

48

The most important buffer pair in plasma is the:

& phosphate/biphosphate pair
b hemoglobin/imidazole pair

¢ bicarbonate/carbonic acid pair
d sulfate/bisulfate pair

Quantitation of Na' and K* by ion-selective electrode is the standard method because:

a dilution is required for lame photometry
b there is no lipoprotein interference

¢ of advances in electrochemistry

d of the absence of an internal standard

What battery of tests is most useful in evaluating an anion gap of 22 mEq/L (22 mmol/L)?

a Ca"™, Mg**, PO~% and pH

b BUN, creatinine, salicylate and methanol
¢ AST,ALT, LD and amylase

@ glucose, CK, myoglobin and cryoglobulin
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? 49

50

51

52

53

54

55

56

A patient with myeloproliferative disorder has the following values:

Hgb: 13 g/dL (130 mmol/L}

Hct: 38%

WBC: 30 x 10%/uL (30 = 10%L)
platelets: 1000 = 10%/uL (1000 x 109/L)
serum Na*: 140 mEqg/L (140 mmol/L)
sarum K*: 7 mEqg/L (7 mmol/L)

The serum K* should be confirmed by:

a repeat testing of the original serum
b testing freshiy drawn serum

¢ testing heparinized plasma

d atomic absorption spectrometry

Most of the carbon dioxide present in blood is in the form of:

a dissolved CO,
b carbonate

¢ bicarbonate ion
d carbonic acid

Serum “anion gap” is increased in patients with:

a renal tubular acidosis

b diabetic alkalosis

¢ metabolic acidosis due to diarrhea
d lactic acidosis

The anion gap is useful for quality control of laboratory resuits for:

a amino acids and proteins

b blood gas analyses

¢ sodium, potassium, chloride, and total CO,
d calcium, phosphorus and magnesium

The buffering capacity of blood is maintained by a reversible exchange process between
bicarbonate and:

a sodium
b potassium
¢ calcium
d chloride

In respiratory acidosis, a compensatory mechanism is the increase in:

a respiration rate

b ammonia formation

¢ blood PCO,

d plasma bicarbonate concentration

Which of the following electrolytes is the chief plasma cation whose main function is maintaining
osmotic pressure?

a chloride
b calcium
€ potassium
d sodium

A potassium level of 6.8 mEg/L (6.8 mmol/L) is obtained. Before reporting the results, the first
step the technologist should take is to:

check the serum for hemolysis

rerun the test

check the age of the patient

do nothing, simply report out the result

Lh o'l
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57 The solute that contributes the most to the total serum osmolality is: ' |

- PR o ]

were obtained on a patient who has a history of respiratory problems. The best interpretation of !
| these results is:

|
glucose
sodium [
chloride |
urea ' ! |
|. ) 58 A sweat chloride result of 55 mEq/L (55 mmol/L) and a sweat sodium of 52 mEq/L (52 mmol/L) 1 ‘

normal [
normal sodium and an abnormal chloride test should be repeated ' |
abnormal results [
borderline results, the test should be repeated

——— -
AN o'w

i 59  Which of the following is true about direct jon selective electrodes for electrolytes? ' |

whole blood specimens are acceptable

elevated lipids cause falsely decreased results
elevated proteins cause falsely decreased results
elevated platelets cause falsely increased results

e
|- "Rl - ]

elevated chloride levels
elevated lipid levels
decreased protein levels
decreased albumin levels

|
j- - 60 Sodium determination by indirect jon selective electrode is falsely decreased by:
!

i o

i
1 61 A physician requested that electrolytes on a multiple myeloma patient specimen be run by direct
! ISE and not indirect ISE because:

excess protein binds Na in indirect [SE

Na is falsely increased by indirect ISE

Na is falsely decreased by indirect 1SE

excess protein reacts with diluent in indirect ISE

[- P - o]

i 62  Which percentage of total serum calcium is nondiffusible protein bound?

a 80%-90%
b 51%-60%
¢ 40%-50%
d 10%-30%

63  Calcium concentration in the serum is regulated by:

a insulin

b parathyroid hormone
¢ thyroxine

d vitamin C

64  The regulation of calcium and phosphorous metabolism is accomplished by which of the
following glands?

thyroid
parathyroid
adrenal glands
pituitary

. i —— —
an oe
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65

66

67

68

69

70

71

84

A patient has the following test results:

increased serum calcium levels
decreased serum phosphate levels
increased levels of parathyroid hormona

This patient most likely has:
a hyperparathyroidism

b hypoparathyroidism

¢ nephrosis

d steatorrhea

A hospitalized patient is experiencing increased neuromuscular irritability (tetany). Which of the
following tests should be ordered immediately?

a calcdium
b phosphate
¢ BUN

d glucose

Which of the following is most likely to be ordered in addition to serum calcium to determine the
cause of tetany?

a magnesium

b phosphate

¢ sodium

d vitamin D

A reciprocal relationship exists between:

sodium and potassium
calcium and phosphate
chloride and CQ,
calcium and magnesium

-V -

Fasting serum phosphate concentration is controlled primarily by the:

a pancreas

b skeleton

¢ parathyroid glands
d small intestine

A low concentration of serum phosphorus is commonly found in:

a patients who are receiving carbohydrate hyperalimentation
b chronic renal disease

¢ hypoparathyroidism

d patients with pituitary tumors

The following laboratory results were obtained:

Alkaline Alkaline
Calctum Phosphate Phosphatase
serum.  Increased decreased normal or increased
urine: increasad Increased

These results are most compatible with:
multiple myeloma

milk-alkali syndrome

sarcoidosis

primary hyperparathyroidism

N OR
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Proteins and Other Nitrogen-Containing Compounds -

72

73
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ONLY
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75
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ONLY

77
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ONLY

The primary function of serum albumin in the peripheral biood is to:

a rmaintain colloidal osmotic pressure
b increase antibody production

¢ increase hibrinogen formation

d maintain blood viscosity

In a pleural effusion caused by Streptococcus pneumoniae, the protein value of the pleural fluid as
compared to the serum value would probably be:

a decreased by 2
b decreased by %
¢ increased by %
d equal

The first step in analyzing a 24-hour urine specimen for quantitative urine protein is:

subculture the urine for bacteria
add the appropriate preservative
screen for albumin using a dipstick
measure the total volume

- - o ]

When performing a manual protein analysis on a xanthochromic spinal fluid, the
technician should:

a perform the test as usual

b make a patient blank

¢ centrifuge the specimen

d dilute the specimen with deionized water

The direction in which albumin migrates (ie, toward anode or cathode) during electrophoretic
separation of serum proteins, at pH 8.6, is determined by:

the ionization of the amine groups, yielding a net positive charge
the ionization of the carboxyl groups, yielding a net negative charge
albumin acting as a zwitterion

the density of the gel layer

- "N - ]

The protein that has the highest dye-binding capacity is:

a albumin

b alpha globulin
€ beta globulin
d gamma globulin
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86

Refer to the following illustration:

The serum protein electrophoresis pattern shown below was obtained on cellulose acetate at
pH&8.6.

{+) =

Identify the serum protein fraction on the left of the illustration.

a gamma globulin
b albumin

¢ alpha-1 globulin
d alpha-2 globulin

The biuret reaction for the analysis of serum protein depends on the number of:

a free amino groups

b free carboxyl groups
€ peptide bonds

d tyrosine residues

In electrophoresis of proteins, when the sample is placed in an electric field connected to a buffer
of pH 8.6, all of the proteins:

a have a positive charge
b have a negative charge
€ are electrically neutral
d migrate toward the cathode

The relative migration rate of proteins on cellulose acetate is based on:

molecular weight
concentration
ionic charge
particle size

anh g

The cellulose acetate electrophoresis at pH 8.6 of serum proteins will show an order of migration
beginning with the fastest migration as follows:

a albumin, alpha-1 globulin, alpha-2 globulin, beta globulin, gamma globulin
b alpha-1 globulin, alpha-2 globulin, beta globulin, gamma globulin, albumin
¢ albumin, alpha-2 globulin, alpha-1 globulin, beta globulin, gamma globulin
d gamma globulin, beta globulin, alpha-2 globulin, alpha-1 globulin, albumin

Which of the following amino acids is associated with sulfhydryl group?

a cysteine
b glycine
€ serine

d tyrosine

The Board of Certification Study Guide
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Maple syrup urine disease is characterized by an increase in which of the following urinary
amino acids?

a phenylalanine

b tyrosine

¢ valine, leucine and isoleucine
d cystine and cysteine

Increased serum albumin concentrations are seen in which of the following conditions?

a nephrotic syndrome
b acute hepatitis
¢ chronic inflammation
d dehydration
The following data was obtained from a cellulose acetate protein electrophoresis scan:
albumin area: 75 units
gamma globulin area: 30 units
total area: 180 units
total protein: 6.5 g/dL (85 g/L)

The gamma globulin content in g/dL is:

1.1g/dL (11 g/L)
2.7 g/dL (27 g/L)
3.8 g/dL (38 g/L)
4.9 g/dL (49 /L)

A patient is admitted with biliary cirrhosis. If a serum protein electrophoresis is performed, which
of the following globulin fractions will be most elevated?

-2 ]

o n

a alpha-1
b alpha-2
¢ beta

d gamma

Which of the following serum protein fractions is most likely to be elevated in patients with
nephrotic syndrome?

a alpha-1 globulin

b albumin

c alpha-2 globulin

d beta globulin and gamma globulin
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(+)

Patient values
total protein 7.3 g/dL (73 g/L)
albumin 4.2 g/dL {42 g/L)
alpha-1 0.0g/dL (0 g/L
alpha-2 0.9 g/dL (9 g/L)
beta 0.8 g/dL {8 g/L)
gamma 1.4 g/dL (14 g/L)

Reference valuas
6.0-8.0 g/dL (60-80 g/L)
3.6-5.2 g/dL (36-52 g/L)
0.1-0.4 g/d (1-4 g/L)
0.4-1.0 g/dL 4-10 g/L)
0.5-1.2 g/dL (5-12 g/L)
0.6-1.6 g/dL (6-16 g/L)}

This electrophoresis pattern is consistent with:

a cirrhosis
b monoclonal gammopathy

¢ polyclonal gammopathy {eg, chronic inflammation)
d alpha-1 antitrypsin deficiency; severe emphysema

Refer to the following illustration:

{+)

)

Patient values

totat protein 8.9 g/dL (89 g/L)

albumin 4.8 g/dl. (48 g/L)
alpha-1 0.3 g/dL (3 g/L)
alpha-2 0.7 g/dL (7 g/L)
beta 0.8 g/dL (8 g/L)
gamma 2.3 g/dL (23 g/L)

Reference values
6.0-8.0 g/dL (60-80 g/L)
3.6-5.2 g/dL (36-52 g/L)
0.1-0.4 g/d (1-4 g/L)
0.4-1.0 g/dL (4-10 g/L)
0.5-1.2 g/dL {5-12 g/L)
0.6-1.6 g/dL (6-16 g/L)

The serum protein electrophoresis pattern is consistent with:

cirrhosis
acute inflammation
monoclonal gammopathy

- P - o

polyclonal gammopathy (eg, chronic inflammation)
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91 Refer to the following pattern: i
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ONLY - |
I
A
|
. |
+) 8 1 |
Patient values Reference values I
total protein 6.1 g/dL (61 g/L} 6.0-8.0 grdL (60-80 g/L) [
albumin 2.3 g/dL {23 g/L} 3.6-5.2 g/dL (36-52 g/L)
alpha-1 0.2 g/dL (2 g/L) 0.1-0.4 g/d (1-4 g/L} l |
alpha-2 0.5 g/dL (5 g/L} 0.4-1.0 g/dL (4-10 g/L) i
beta 1.2 g/dL (12 g/L) 0.5-1.2 g/dL (5-12 g/L)
gamma 1.9 g/dL (19 g/L) 0.6-1.6 g/dL (6-16 g/L)

This pattern is consistent with:

a cirrhosis

b acute inflammation !
¢ polycional gammopathy (eg, chronic inflammation)
d alpha-1 antitrypsin deficiency; severe emphysema

—— e

92 A characteristic of the Bence Jones protein that is used to distinguish it from other urinary

M proteins is its solubility:

a in ammonium sulfate | Il'

b in sulfuric acid 11

¢ at 40°- 60°C ) |
|

d at 100°C

93  The electrophoretic pattern of plasma sample as compared to a serum sample shows a: 1

MLS
ONLY

a broad prealbumin peak !
b sharp fibrinogen peak |
¢ diffuse pattern because of the presence of anticoagulants

d decreased globulin fraction

94 At apH of 8.6 the gamma globulins move toward the cathode, despite the fact that they are |
e negatively charged. What is this phenomenon called? ) ‘
| |

reverse migration | |,
molecular sieve l
endosmosis |
) 2 i
migratory inhibition factor 1 f

[V -
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25 Refer to the following illustration:
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(+)

)

Patient values

total protein 7.8 g/dL (78 g/L)
albumin 3.0 g/dL (30 g/}
alpha. 0.4 g/dL (4 g/L
alpha.s 1.8 g/dL (18 g/L)
beta 0.5 g/dL (5 g/L)
gamma 1.1 g/dL (11 g/L)

Referance values
6.0-8.0 g/dL (60-80 g/L)
3.6-5.2 g/dL (36-52 g/L)
0.1-0.4 g/d (1-4 g/L)
0.4-1.0 g/dL (4-10 g/L)
0.5-1.2 g/dL (5-12 g/L)
0.6-1.6 g/dL (6-16 g/L)

The serum protein electrophoresis pattern is consistent with:

a cirrhosis
b acute inflammation

¢ polyclonal gammopathy (eg, chronic inflammation)
d alpha-1-antitrypsin deficiency; severe emphysema

32 Refer to the following illustration:

ONLY

{+) J

)

Patient values

total protein 8.5 g/dL (85 g/L)

albumin 4.3 g/dL (43 g/L)
alpha., 0.3 g/dL (3 g/L)
alpha., 0.7 g/dL {7 g/}
beta 0.9 g/dL (9 g/L)
gamma 2.3 g/dL (23 g/L)

Reference values
6.0-8.0 g/dL (60-80 g/L)
3.6-5.2 g/dL {36-52 g/L)
0.1-0.4 g/d (1-4 g/L)
0.4-1.0 g/dL (4-10 g/L)
0.5-1.2 g/dL (5-12 g/L)
0.6-1.6 g/dl- {6-16 g/L}

The above serum protein electrophoresis pattern is consistent with:

a cirrhosis
b monoclonal gammopathy

¢ polyclonal gammopathy (eg, chronic inflammation)
d alpha-1-antitrypsin deficiency; severe emphysema

97  Analysis of CSF for oligoclonal bands is used to screen for which of the following disease states?

MLS
on multiple myeloma
multiple sclerosis
myasthenia gravis

von Willebrand disease

an o'
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The identification of Bence Jones protein is best accomplished by:

a asulfosalicylic acid test
b urine reagent strips

¢ immunofixation

d electrophoresis

Total iron-binding capacity measures the serum iron transporting capacity of:

a hemoglobin
b ceruloplasmin
¢ transferrin
d ferritin

The first step in the quantitation of serum iron is:

a direct reaction with appropriate chromogen
b iron saturation of transferrin

¢ freeiron precipitation

d separation of iron from transferring

A patient's blood was drawn at 8 aM for a serum iron determination. The result was 85 pg/dL
(15.2 pmol/L). A repeat specimen was drawn at 8 PM; the serum was stored at 4°C and run the
next morning. The result was 40 pg/dL (7.2 umol/L). These results are most likely due to:

iron deficiency anemia

improper storage of the specimen

possible liver damage

the time of day the second specimen was drawn

-V - ]

An elevated serum iron with normal iron binding capacity is most likely associated with:

a iron deficiency anemia
b renal damage

¢ pernicious anemia

d septicemia

Decreased serum iron associated with increased TIBC is compatible with which of the following
disease states?

anemia of chronic infection
iron deficiency anemia
chronic liver disease
nephrosis

o - TR - o )

patient has the following results:

Patient values Reference values
serum iron 250 pg/dL (44.8 pmol/L) 60-150 pg/dL (10.7-26.9 pmol/L)
TIBC 350 pg/dl (62.7 umol/L) 300-350 pg/dL (53.7-62.7 pmol/L}

The best conclusion is that this patient has:

a normal iron status

b iron deficiency anemia
¢ chronic disease

d iron hemochromatosis

To assure an accurate ammonia level result, the specimen should be:

a incubated at 37°C prior to testing

b spun and separated immediately, tested as routine
€ spun, separated, iced, and tested immediately

d stored at room temperature until tested
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Erroneous ammonia levels can be eliminated by all of the following except:

a assuring water and reagents are ammonia-free

b separating plasma from cells and performing test analysis as soon as possible
¢ drawing the specimen in a prechilled tube and immersing the tube in ice

d storing the specimen protected from light until the analysis is done

A critically ill patient becomes comatose. The physician believes the coma is due to hepatic failure.
The assay most helpful in this diagnosis is:

a ammonia
b ALT
c AST
d GGT

A serum sample demonstrates an elevated result when tested with the Jaffe reaction.
This indicates:

a prolonged hypothermia

b renal functional impairment
€ pregnancy

arrhythmia

B

[n order to prepare 100 mL of 15 mg/dL BUN (5.35 mmol/L) working standard from a stock
standard containing 500 mg/dL (178.5 mmol/L) of urea nitrogen, the number of mL of stock
solution that should be used is:

a 3mlL
b SmL
¢ 33mlL
d 75mL

A patient with glomerulonephritis is most likely to present with the following serum results:

a creatinine decreased
b calcium increased

¢ phosphorous decreased
d BUN increased

The principle excretory form of nitrogen is:

a amino acids
b creatinine
€ urea

d uric acid

In the Jaffe reaction, creatinine reacts with:

a alkaline sulfasalazine solution to produce an orange-yellow complex
b potassium iodide to form a reddish-purple complex

¢ sodium nitroferricyanide to yield a reddish-brown color

d alkaline picrate selution to yield an orange-red complex

Creatinine clearance is used to estimate the:

a tubular secretion of creatinine

b glomerular secretion of creatinine
¢ renal glomerular and tubular mass
d glomerular fltration rate

92 The Board of Certification Study Guide
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114 Ablood creatinine value of 5.0 mg/dL (442.0 pmol/L) is most likely to be found with which of the
following blood values?

osmolality: 292 mOsm/kg

uric acid: 8 mg/dL (475.8 pymol/L)
urea nitrogen: 80 mg/dL (28.56 mmol/L)
ammonia: 80 pg/dL {44 pmol/L)

115 Technical problems encountered during the collection of an amniotic fluid specimen caused doubt
MLt as to whether the specimen was amniotic in origin. Which 1 of the following procedures would
best establish that the fluid is amniotic in origin?

-V -

a measurement of absorbance at 450 nm

b creatinine measurement

¢ lecithin/sphingomyelin ratio

d human amniotic placental lactogen (HPL}

116 Which of the following represents the end product of purine metabolism in humans?
MILS

ONY & AMP and GMP
b DNA and RNA
c allanteoin
d uric acid

117 Which of the following substances is the biologically active precursor of a fat soluble vitamin?
MLS
ONIY & biotin

b retinol

¢ folic acid

d ascorbic acid

118 The troponin complex consists of;
MILN
MY a troponin T, calcium and tropomyosin

b troponin C, troponin I and troponin T

¢ troponin I, actin, and tropomyosin

d troponin C, myoglobin, and actin

119 The presence of C-reactive protein in the blood is an indication of:
Mixs
'Y a arecent streptococcal infection

b recovery from a pneumococcal infection
¢ an inflammatory process

d astate of hypersensitivity

120 Oligoclonal bands are present on electrophoresis of concentrated CSF and also on concurrently
MLS

oy tested serum of the same patient. The proper interpretation is:
a diagnostic for primary CNS tumor
b diagnostic for multiple sclerosis
¢ CNS involvement by acute leukemia
d nondiagnostic for multiple sclerosis
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121 Which of the following is an example of a peptide bond?

A c
NH3 ofn H O
{ e I
Ri{C-H HG- C-|C=C|C-OH
|
c=0
|
NH3
B D
H [0 H O COOH
(] (] !
R-C-|C-N-|C-C-0OH €=¢
| Il |
NHy  H |R, CHy
|
COOH
a A
b B
¢ C
dD

122 90% of the copper present in the blood is bound to:

a transferrin

b ceruloplasmin

¢ albumin

d cryoglobulin
123 Which of the following determinations is useful in prenatal diagnosis of open neural tube defects?
MLS
OMLY  a amniotic fluid alpha-fetoprotein
amniotic Auid estriol
maternal serurn estradiol
maternal serum estrone

Bh goow

124 Below are the results of a protein electrophoresis:
MLs
ONLY

Rel%
4.5

64.5
36
6.5

12.6
7.9

Fraction

These results are consistent with a{n):

a normal serum protein pattern

b normal CSF protein pattern

¢ abnormal serum protein pattern

d abnormal CSF protein pattern
125 Serum concentrations of vitamin By are elevated in:
MLS
oMLY a pernicious anemia in relapse
b patients on chronic hemmodialysis
¢ chronic granulocytic leukemia
d Hodgkin disease

94 'The Board of Certification Study Guide
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126 Absorption of vitamin By; requires the presence of:

MLS
ONLY

127

MLS
DNLY

a intrinsic factor
b gastrin

€ secretin

d folic acid

The procedure used to determine the presence of neural tube defects is:

lecithin/sphingomyelin ratio

amniotic fluid ¢reatinine
measurement of absorbance at 450 nm
alpha-fetoprotein

- R - ]
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The principle of the occult bloed test depends upon the:

a coagulase ability of blood

b oxidative power of atmospheric oxygen
¢ hydrogen peroxide in hemoglobin

d peroxidase-like activity of hemoglobin

A breakdown preduct of hemoglobin is:

a lipoprotein

b bilirubin

¢ hematoxylin

d Bence Jones protein

Hemoglabin S can be separated from hemoglobin D by:

a electrophoresis on a different medium and acidic pH
b hemogiobin A; quantitation

¢ electrophoresis at higher voltage

d Kleihauer-Betke acid elution

On electrophoresis at alkaline pH, which of the following is the slowest migrating hemoglobin?

a HgbA
b Hgb$s
¢ HgbC
d HgbF

The hemaoglobin that is resistant to alkali (KOH) denaturation is:

B D
mAP >
N
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The following bilirubin results are obtained on a patient:

day 1: 4.3 mg/dL (73.5 ymoliL)
day 2: 4.6 mg/dL (78.7 ymol/t)
day 3: 4.5 mg/dL (77.0 pmol/L)
day 4: 2.2 mg/dL (37.6 umol/L)
day 5: 4.4 mg/dL (5.2 pmol/L)
day 6: 4.5 mg/dL (77.0 pmoliL)

Given that the controls were within range each day, what is a probable explanation for the result
on day 4?

a no explanation necessary

b serum, not plasma, was used for testing

¢ specimen had prolonged exposure to light

d specimen was hemolyzed

Urobilinogen is formed in the:

a kidney
b spleen
c liver

d intestine

In bilirubin determinations, the purpose of adding a concentrated caffeine solution or methyl
alcohol is to

a allow indirect bilirubin to react with color reagent
b dissolve conjugated bilirubin

€ precipitate protein

d prevent any change in pH

If the total bilirubin is 3.1 mg/dL (53.0 pmol/L) and the conjugated bilirubin is 2.0 mg/dL
{34.2 umol/L), the unconjugated bilirubin is:

a 0.5 mg/dL (8.6 ymol/L)

b 1.1 mg/dL (18.8 pmol/L)
¢ 2.2 mg/dL (37.6 pmol/L)
d 5.1 mg/dL (87.2 umol/L)

The principle of the tablet test for bilirubin in urine or feces is:

a the reaction between bile and 2.4-dichloronitrobenzene to a yellow color

b the liberation of oxygen by bile to oxidize orthotolidine to a blue-purple color
¢ chemical coupling of bile with a diazonium salt to form a brown color

d chemical coupling of bilirubin with a diazonium salt to form a purple color

A serum sample was assayed for bilirubin at 10 AM, and the result was 12 mg/dL (205.6 pmol/L).
The same sample was retested at 3 PM. The resuit now is 8 mg/dL (136.8 pmol/L). The most likely
explanation for this discrepancy is:

a the reagent has deteriorated

b the sample was exposed to light

¢ acalculation error in the first assay
d the sample was not refrigerated

Serial bilirubin determinations are charted below.
Day Collected Assayed Result
1 7 aMm 8 am 14.0 mg/dL {239.4 ymol/L)
2 7 am 6 Pm 9.0 mg/dL (153.9 umol/L)
3 6 am 8 am 15.0 mg/dL (256.5 ymol/L}

The best explanation for the results is:

sample hemolysis and hemogiobin deterioration
sample exposure to light

sample left in warm location

reagent deterioration

-V - o ]
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In the liver, bilirubin is converted to:

a urobilinogen

b urobilin

¢ bilirubin-albumin complex
d bilirubin diglucuronide

In which of the following disease states is conjugated bilirubin a major serum component?

a biliary obstruction

b hemolysis

¢ neonatal jaundice

d erythroblastosis fetalis

Kernicterus is an abnormal accumulation of bilirubin in:

a heart tissue
b brain tissue
¢ liver tissue

d kidney tissue

In which of the following conditions does decreased activity of glucuronyl transferase result in
increased unconjugated bilirubin and kernicterus in neonates?

a Gilbert disease

b Rotor syndrome

¢ Dubin-Johnson syndrome
d Crigler-Najjar syndrome
A

21-year-old man with nausea, vomiting, and jaundice has the following laboratory findings:

Test Patient Reference range

total serum bilirubin 8.5 mg/dl (145.4 pmol/L) 0-1.0 mg/dL (0.0-17.1 pmol/L)
conjugated serum bilirubin 6.1 mg/dL (104.3 pmol/L) 0-0.5 mg/dL (0.0-8.6 pmol/l)
urine urobllinogen increased

feca! urobilincgen decreased

urine bilirubin positive

AST 300 UL 0-50 U/L ’
alkaline phosphatase 170 U/L 0-150 U/L

These can best be explained as representing:

unconjugated hyperbilirubinemia, probably due to hemolysis
unconjugated hyperbilirubinemia, probably due to toxic liver damage
conjugated hyperbilirubinemia, probably due to biliary tract disease
conjugated hyperbilirubinemia, probably due to hepatocellular obstruction

B v T W
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145 Biochemical profile:

MLS

o Test Patient values Reference range
total protein 7.3 g/dL (73 g/ 6.0- 8.0 g/dL (60-80 g/L)
albumin 4.1 g/dL (41 g/L) 3.5- 5.0g/dL {35-50 g/L)
calcium 9.6 mg/dL (2.4 mmol/L) 8.5-10.5 mg/dL (2.1-2.6 mmol/L)
phosphorus 3.3 mg/dL (1.06 mmol/L) 2.5 - 4.5 mg/dL (0.80-1.45 mmol/L)
glucose a5 mg/dL (5.2 mmol/L) 65- 110 mg/dL (3.6-8.1 mmol/L)
BUN 16 mg/dL (5.71 mmoliL) 10 - 20 mg/dL {3.57-7.14 mmol/L)
uric acid 6.0 mg/dL (356.9 pmol/L) 2.5 - 8.0 mg/dL (148.7-475.8 ymol/L)
creatinine 1.2 mg/dL {106.1 umol/L) 0.7 - 1.4 mg/dL (61.9-123.8 ymol/L}
total bilirubin 3.7 mg/dL (63.3 pmal/L) 0.2 - 0.9 mg/dL (3.4-15.4 ymol/L}
alkaiine phosphatase 275 UL 30- 80U
lactate dehydrogenase 185 U/L 100- 225 U/L
AST 75 UL 10 - 40 U/L

The results the biochemical profile are most consistent with:
a viral hepatitis

b hemolytic anemia

¢ common bile duct stone

d chronic active hepatitis

146 A stool specimen that appears black and tarry should be tested for the presence of:

occult blood
fecal fat
trypsin
£XCess Mmucus

-V - o]

147 What substance gives feces its normal color?
MLS
ONIY 3 uroerythrin
urochrome
urobilin

urobilinogen

[-NL I -

148 A condition in which erythrocyte protoporphyrin is increased is:
MLS
ONLY 3 acute intermittent porphyria
b iron deficiency anemia

¢ porphyria cutanea tarda

d acute porphyric attack
149 Which of the following elevates carboxyhemoglobin?
MLS

ONLY  a nitrite poisoning

a
b exposure to carbon monoxide
¢ sulfa drug toxicity
d sickle cell anemia
150 The reason carbon monoxide is so toxic is because it:

ML
onLy a is a protoplasmic poison

b combines with cytochrome oxidase
¢ has 200 times the affinity of oxygen for hemoglobin binding sites
d sensitizes the myocardium
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Detection of carriers of hereditary coproporphyria should include analysis of:

a 24-hour urine for porphobilinogen

b fresh morning urine for delta-aminolevulinic acid
¢ erythrocyte protoporphyrin

d 24-hour urine for porphyrin

A fresh urine sample is received for analysis for “porphyrins” or “porphyria” without further
information or specifications. Initial analysis should include:

a porphyrin screen and quantitative total porphyrin

b quantitative total porphyrin and porphobilinogen screen

¢ porphyrin and porphobilinogen screen

d porphobilinogen screen and ion-exchange analysis for porphobilinogen

Which of the following enzymes of heme biosynthesis is inhibited by lead?

a aminolevulinate synthase
b porphobilinogen synthase
¢ uroporphyrinogen synthase
d bilirubin synthetase

154 Serum haptoglobin:
MLS
ONLY 5 is decreased in patients with tissue injury and neoplasia
b is increased in patients with prosthetic heart valves
¢ can be separated into distinct phenotypes by starch-gel electrophoresis
d binds heme
Enzymes
155 The most specific enzyme test for acute pancreatitis is:
a acid phosphatase
b trypsin
¢ amylase
d lipase
156 Which of the following enzymes are used in the diagnosis of acute pancreatitis?
a amylase (AMS) and lipase (LPS)
b aspartate aminotransferase (AST) and alanine aminotransferase (ALT)
¢ 5-nucleotidase (5'N) and gamma-glutamy! transferase (GGT)
d aspartate aminotransferase (AST) and lactate dehydrogenase {LD)
157 Which of the following enzymes catalyzes the conversion of starch to glucose and maltose?
a malate dehydrogenase (MD)
b amylase (AMS)
¢ creatine kinase (CK)
d isocitric dehydrogenase (ICD)
158 Which of the following sets of results would be consistent with macroamylasemia?
MILS
ONLY

normal serum amylase and elevated urine amylase values
increased serum amylase and normal urine amylase values
increased serum and urine amylase values

normal serum and urine amylase vatues

Te

an
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160

161

162

163

164

Mis

A physician suspects his patient has pancreatitis. Which test(s) would be most indicative of
this disease?

& creatinine

b LD iscenzymes

¢ beta-hydroxybutyrate
d amylase

Aspartate amino transferase (AST) is characteristically elevated in diseases of the:

a liver

b kidney
¢ intestine
d pancreas

Amino transferase enzymes catalyze the:

a exchange of amino groups and sulfhydryl groups between alpha-amino and sulfur-containing
acids

b exchange of amino and keto groups between alpha-amino and alpha-keto acids

¢ hydrolysis of aminoe acids and keto acids

d reversible transfer of hydrogen from amino acids to coenzyme

Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) are both elevated in which
of the following diseases?

muscular dystrophy

viral hepatitis

pulmonary emboli
infectious mononucleosis

BRA TN

The greatest activities of serum AST and ALT are seen in which of the following?

a acute viral hepatitis

b primary biliary cirrhosis

¢ metastatic hepatic cirrhosis
d alcoholic cirrhosis

Malic dehydrogenase is added to the aspartate aminotransaminase (AST) reaction to catalyze the
conversion of:

QNLY
a alpha-ketoglutarate to aspartate
b alpha-ketoglutarate to malate
¢ aspartate to oxalacetate
d oxalacetate to malate
165 Given the following results:
MLS
UNLY alkaline phosphatase: slight increase
aspartate amino transferase:  marked incraase
alanine amino transferase: marked increase
gamma-glutamyl transferase: slight increase
This is most consistent with:
a acute hepatitis
b chronic hepatitis
¢ obstructive jaundice
d liver hemangioma
166 Which of the following clinical disorders is associated with the greatest elevation of lactate

dehydrogenase isoenzyme 17

a pneumonia
b glomerulonephritis
€ pancreatitis
d pernicious anemia
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IE? The enzyme, which exists chiefly in skeletal muscle, heart, and brain, is grossly elevated in active

168

169

170

171

172

173

174

muscular dystrophy, and rises early in myocardial infarction is:

a lipase

b transaminase

¢ lactate dehydrogenase
d creatine kinase

The enzyme present in almost all tissues that may be separated by electrophoresis into 5
components is:

a lipase

b transaminase

¢ creatine kinase

d lactate dehydrogenase

A common cause of a falsely increased LI fraction of lactic dehydrogenase is:

specimen hemolysis
liver disease

congestive heart failure
drug toxicity

Lt Tw

The presence of which of the following isoenzymes indicates acute myocardial damage?

a CKMM
b CKMB
¢ CKBB
d none

In which of the following conditions would a normal level of creatine kinase be found?

a acute myocardial infarct

b hepatitis

¢ progressive muscular dystrophy
d intramuscular injection

Of the following diseases, the one most often associated with elevations of lactate dehydrogenase
isoenzymes 4 and 5 on electrophoresis is:

a liver disease

b hemalytic anemia

¢ myocardial infarction
d pulmonary edema

When myocardial infarction occurs, the first enzyme to become elevated is:

a CK
b LD
¢ AST
d ALT

A scanning of a CK isoenzyme fractionation revealed 2 peaks: a slow cathodic peak (CKMM) and
an intermediate peak (CKMB). A possible interpretation for this pattern is:

brain tumor
muscular dystrophy
myocardial infarction
viral hepatitis

AN TR
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175

MLS
ONLY

176

MLS
ONLY

177

178

179

180

An electrophoretic separation of lactate dehydrogenase isoenzymes that demonstrates an
elevation in LD-1 and LD-2 in a “flipped” pattern is consistent with:

a myocardial infarction
b viral hepatitis

€ pancreatitis

d renal failure

Increased total serum lactic dehydrogenase (LD) activity, confined to fractions 4 and 5 is most
likely to be associated with:

a pulmonary infarction
b hemolytic anemia

¢ myocardial infarction
d acute viral hepatitis

A 10-year-old child was admitted to pediatrics with an initial diagnosis of skeletal muscle disease.
The best confirmatory tests would be:

a creatine kinase and isocitrate dehydrogenase

b gamma-glutamyl transferase and alkaline phosphatase
¢ aldolase and creatine kinase

d lactate dehydrogenase and malate dehydrogenase

In the immunoinhibition phase of the CKMB procedure:

a M subunit is inactivated
b B subunit is inactivated
¢ MB is inactivated
d BB is inactivated

The presence of increased CKMB activity on a CK electrophoresis pattern is most likely found in a
patient suffering from:

a acute muscular stress following strenuous exercise
b malignant liver disease

¢ myocardial infarction

d severe head injury

Refer to the following illustration:

LDS
LD2

LDA
LD3

LD4

(+) K )

Which of the following is the most likely interpretation of the LD isoenzyme scan
lustrated above?

myocardial infarction
megaloblastic anemia
acute pancreatitis
viral hepatitis

AM T
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181

182

183

184

186

Increased serum lactic dehydrogenase activity due to elevation of fast fraction (1 and 2) on
electrophoretic separation is caused by:

a nephrotic syndrome
b hemolytic anemia
€ pancreatitis

d hepatic damage

A serum sample drawn in the emergency room from a 42-year-old man yielded the following
laboratory results:
Patient Reference range
CK: 185 UL 15-160 U/L
AST. 123 UL 0-48 U/L
CKMB: 6 UL 2-12 U/l

Which of the following conditions might account for these values?

a crush injury to the thigh
b cerebrovascular accident
¢ pulmonary infarction

d early acute hepatitis

Given the following results:

alkaline phosphatase: marksd increase
aspartate amino transferase: slight increase
alanine amino transferase:  slight increase
gamma-glutamyl transferase: marked increase

This is most consistent with:

a acute hepatitis

b osteitis fibrosa

¢ chronic hepatitis

d obstructive jaundice

Given the following results:
alkaling phosphatase: slight increase
aspartate aminotransterase: slight increase
alanine aminotransferase: slight increase

gamma-glutamyl transferase: slight increase

This is most consistent with:

a acute'hepatitis

b chronic hepatitis

¢ obstructive jaundice
d liver hemangioma

What specimen preparation is commonly used to perform the alkaline phosphatase
isoenzyme determination?

a serum is divided into 2 aliquots, one is frozen and the other is refrigerated

b serum is divided into 2 aliquots, one is heated at 56°C and the other is unheated
¢ no preparation is necessary since the assay uses EDTA plasma

d protein-free filtrate is prepared first

Regan isoenzyme has the same properties as alkaline phosphatase that originates in the:

a skeleton
b kidney

€ intestine
d placenta
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187 The most heat labile fraction of alkaline phosphatase is obtained from:

a liver
b bone
¢ intestine
@ placenta

188 The most sensitive enzymatic indicator for liver damage from ethanol intake is:

a alanine aminotransferase (ALT)

b aspartate aminotransferase (AST)
¢ gamma-glutamyl transferase (GGT)
d alkaline phosphatase

189 Isoenzyme assays are performed to improve:

precision
accuracy
sensitivity
specificity

Bu T

190 The protein portion of an enzyme complex is called the:

a apoenzyme
b coenzyme

¢ holoenzyme
d proenzyme

191 Which of the following chemical determinations may be of help in establishing the presence of
seminal fluid?

a lactic dehydrogenase (LD)

b isocitrate dehydrogenase (ICD)
¢ acid phosphatase

d alkaline phosphatase

192 Which of the following enzyme substrates for prostatic acid phosphatase is best for the
M

pnLy CcONtinuous monitoring method?
a phenyl-phosphate
b thymolphthalein monophosphate
¢ alpha-naphthyl-phosphate
d beta-glycerophosphate

193 Lactate dehydrogenase, malate dehydrogenase, isocitrate dehydrogenase, and hydroxybutyrate
MLS

oney dehydrogenase all:

are liver enzymes

are cardiac enzymes

catalyze oxidation-reduction reactions
are class IIl enzymes

ah o'e

Lipids and Lipoproteins

194 High levels of which lipoprotein class are associated with decreased risk of
s, accelerated atherosclerosis?

a chylomicrons
b VLDL

¢ LDL

d HDL
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195 The most consistent analytical error involved in the routine determination of HDL-cholesterol is

caused by:

a incomplete precipitation of LDL-chalesterol

b coprecipitation of HDL- and LDL-cholesterol

¢ inaccurate protein estimation of HDL-cholesterol

d a small concentration of apoB-containing lipoproteins after precipitation

1f the LDL-cholesterol is to be calculated by the Friedewald formula, what are the 2 measurements
that need to be carried out by the same chemical procedure?

total cholesterol and HDL-cholesterol
total cholesterol and triglyceride
triglyceride and chylomicrons
apolipoprotein A and apolipoprotein B

- - o

The chemical composition of HDL-cholestero! corresponds to:

Triglyceride  Cholesterol Protein
a 60% 15% 10%
b 10% 45% 25%
¢ 5% 15% 50%
d 8% 5% 2%

In familial hypercholesterolemia, the hallmark finding is an elevation of:

a low-density lipoproteins
b chylomicrons

¢ high-density lipoproteins
d apolipoprotein A,

Premature atherosclerosis can occur when which of the following becomes elevated?

a chylomicrons

b prostaglandins

¢ low-density lipoproteins

d high-density lipoproteins

Transportation of 60%-75% of the plasma cholesterol is performed by:
a chylomicrons

b very low-density lipoproteins

¢ low-density lipoproteins
d high-density lipoproteins

Which of the following diseases results from a familial absence of high density lipoprotein?

a Krabbe disease
b Gaucher disease
¢ Tangier disease
d Tay-Sachs disease

A 1-year-old gir! with a hyperlipoproteinemia and lipase deficiency has the following lipid profile:

cholesterol: 300 mg/dL (7.77 mmaol/L)
LDL: increased

HDL: decreased

triglycerides: 200 mg/dL {2.26 mmol/L}
chylomicrons: present

A serum specimen from this patient that was refrigerated overnight would most likely be:

clear

cloudy

creamy layer over cloudy serum
creamy layer over clear serum

A oo
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203 Which of the following lipid results would be expected to be faisely elevated on a serum specimen
oniy from a nonfasting patient?

a cholesterol
b triglyceride
¢ HDL
d LDL

204 A 9-month-old boy from Israel has gradually lost the ability to sit up, and develops seizures. He
omy has an increased amount of a phospholipid called GM,-ganglioside in his neurons, and he lacks
the enzyme hexosaminidase A in his leukocytes. These findings suggest:

a Neimann-Pick disease

b Tay-Sachs disease

¢ phenylketonuria

d Hurler syndrome
205 In amniotic fluid, the procedure used to determine fetal lung maturity is:
MLS
Y a lecithin/sphingomyelin ratio
b creatinine
¢ measurement of absorbance at 450 nm
d alpha-fetoprotein

206 Refer to the following illustration:

MLY
ONLY
- Amniotic Fluid
© | Phospholipid Analysis PN
= ‘ N
= ’ N
c P N
3 '
c '
8 :
¢
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n .
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Gestation (weeks)

The class of phospholipid surfactants represented by the dotted line on the amniotic fluid analysis
shown above is thought to originate in what fetal organ system?

a cardiovascular
b pulmonary

¢ hepatic

d placental

207 A fasting serum sample from an asymptomatic 43-year-old woman is examined visually and
MLS

ony  chemically with the following results:

initial appearance of serum: milky

appearance of serum after overnight refrigeration; cream layer over turbid serum
triglyceride level: 2,000 mg/dL {22.6 mmol/L}
cholesterol level: 550 mg/dL (14.25 mmol/L)

This sample contains predominantly:
a chylomicrons, alone
b chylomicrons and very low-density lipoproteins (VLDL)

¢ very low-density lipoproteins (VLDL} and low-density lipoproteins (LDL}
d high-density lipoproteins (HDL)
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208 Chylomicrons are present in which of the following dyslipidemias?

a familial hypercholesterolemia

b hypertriglyceridemia

¢ deficiency in lipoprotein lipase activity
d familial hypoalphalipoproteinemia

209 The function of the major lipid components of the very low-density lipoproteins (VLDL) is

MLS .
ony O transport:

a cholesterol from peripheral cells to the liver

b cholesterol and phosphoalipids to peripheral cells
c exogenous triglycerides

d endogenous triglycerides

210 Turbidity in serum suggests elevation of:

cholesterol
total protein
chylomicrons
albumin

BA TN

Endocrinology and Tumor Markers
211 TSH is produced by the:

a hypothalamus
b pituitary gland
¢ adrenal cortex

d thyroid
212 A patient has the following thyroid profile:

total Ty decreased
tree T, decreased
thyroid peroxidase antibody: positive

TSH: decreased

This patient most probably has:
a hyperthyroidism

b hypothyroidism

¢ anormal thyroid

d Graves disease

213 A 45-year-old woman complains of fatigue, heat intolerance and hair loss. Total and free T4 are
abnormally low. If the TSH showed marked elevation, this would be consistent with:

a Graves disease

b an adenoma of the thyroid
¢ thyrotoxicosis

d primary hypothyroidism

214 The majority of thyroxine (T,) is converted into the more biologically active hormone:

a thyroglobulin

b thyroid-stimulating hormone (TSH)
¢ triiodothyronine (T3)

d thyrotropin-releasing hormone
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A 2-year-old child with a decreased serum Ty is described as being somewhat dwarfed, stocky,
overweight, and having coarse features. Of the following, the most informative additional
laboratory test would be the serum:

a thyroxine binding globulin (TBG)

b thyroid-stimulating hormone (TSH)
¢ tritodothyronine (Ty)

d cholesterol

Assays for free T4 measure hormone not bound to thyroxine-binding prealbumin, thyroxine-
binding globulin and:

a thyrotropin-releasing hormone
b albumin

c freeTy

d thyroid-stimulating hormone

The recommended initial thyroid function test for either a healthy, asymptomatic patient or a
patient with symptoms which may be related to a thyroid disorder is:

a free thyroxine {free T,)

b thyroid-stimulating hormone (TSH)
c total thyroxine (T,)

d triiodothyronine (Tj)

The screening test for congenital hyputhyroidism is based upon:

a TSH level in the newborn

b thyroid-binding globulin level in the newborn
¢ iodine level in the newbhorn

d total thyroxine (T,) level in the newborn

Which one of the following sets of results is consistent with primary hypothyroidism,
{eg, Hashimoto thyroiditis}):

Result TSH T4 (free thyroxine) Antimicrosomal antibody
result A decreased decreased positive
result B increased increased positive
result C normal dacreased negative
rasult D increased decreased positive
a result A
b result B
¢ result C
d resultD
A 68-year-old female patient tells her physician of being “cold all the time” and recent weight

gain, with no change in diet. The doctor orders a TSH level, and the laboratory reports a value
of 8.7 pU/ mL (8.7 [U/L) (reference range = 0.5-5.0 pU/mL [0.5-5.0 [U/L]). This patient most
likely has:

a primary hypothyroidism

b Graves disease

¢ a TSH-secreting tumor

d primary hyperthyroidism

Which of the following is secreted by the placenta and used for the early detection of pregnancy?
a follicle-stimulating hormone (FSH)

b human chorionic gonadotropin (HCG)

¢ luteinizing hormone (LH}
d progesterone
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During pregnancy, the form of estrogen measured in urine is mostly:

estradiol
estriol
estrone
pregnanediol

[-PRa I - )

Refer to the following graph:

2101

20

J1

I

£ 107
0 Il 1 1 1 1

The HCG levels shown in the above graph most probably represent:

a hydatidiform mole following miscarriage at 4 months
b normal pregnancy

¢ development of hydatidiform mole

d miscarriage at 2 months with retained placenta

In amniotic fluid, the procedure used to detect hemolytic disease of the newborn is:

a measurement of absorbance at 450 nm
b creatinine

¢ lecithin/sphingomyelin ratio

d estriol

During a normal pregnancy, quantitative human chorionic gonadotropin (HCG) levels peak how
many weeks after the last menstrual period?

a 2-4

b 8-10
¢ 14-16
d 18-20

“Laboratory A" measures maternal serum alpha-fetoprotein (MSAFP) at 16-18 weeks gestation
as a screen for fetal disorders. The 16-week MSAFP median for Lab A is 32 pg/L. A 37-year-old
woman has an MSAFP level of 34 pg/L at her 16th week. This result is consistent with:

a anormal MSAFP level for 16-week gestation

b possible neural tube defect, including spina bifida

¢ possible multiple birth (ie, twins)

d possible trisomy disorder, including Down syndrome

Which of the following steroids is an adrenal cortical hormone?

angiotensinogen
aldosterone
epinephrine
growth hormone

e T

What cormon substrate is used in the biosynthesis of adrenal steroids, including androgens
and estrogens?

cortisol
catecholamines
progesterone
cholesterol

- - ]
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The biologically most active, naturally occurring androgen is:

androstenedione
cortisol
epiandrosterone
testosterone

[ VLA - o ]

Plasma for cortisol determinations were collected at 7 M, after waking the patient, and at 10 pum
that evening. The cortisol level of the morning sample was higher than the evening sample. This is
consistent with:

a anormal finding
b Cushing syndrome
¢ Addison disease
d hypopituitarism

Night blindness is associated with deficiency of which of the following vitamins?

a A

b C

€ niacin
d thiamine

Beriberi is associated with deficiency of vitamin:

a A

b C

¢ niacin
d thiamine

Scurvy is associated with deficiency of which of the following vitamins?

a A

b C

¢ niacin

d thiamine

Rickets is associated with deficiency of which of the foilowing vitamins?

B,
C
niacin
D

an o

Pellagra is associated with deficiency of which of the following vitamins?

a A

¢ thiamine

d niacin

The major action of angiotensin 1l is:

a increased pituitary secretion of vasopressin

b increased vasoconstriction

¢ Increased parathormone secretion by the parathyroid
d decreased adrenal secretion of aldosterone

The urinary excretion product measured as an indicator of epinephrine production is:

a dopamine

b dihydroxyphenylalanine (DOPA)
¢ homovanillic acid

d vanillylmandelic acid (VMA)
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2: Chemistry | Endocrinology and Tumor Markers Questions

238 Which of the following hormones regulates normal blood calcium levels?

—

T e o e &

a thyroxine

b estriol

¢ parathyroid hormone |
d growth hormone I

239 The most common form (95%) of congenital adrenal hyperplasia is 21-hydroxylase deficiency,

My which is detected by elevated plasma:

a cortisol

b aldostercne
¢ 17-OH-progesterone |
d 11-deoxycortisol

240 A diagnosis of primary adrenal insufficiency requires demonstration of:

a decreased urinary 17-keto- and 17-hydroxysteroids

b decreased cortisol production

¢ impaired response to ACTH stimulation

d increased urinary cortisol excretion after metyrapone

241 The screen for adrenal cortical hyperfunction with the greatest sensitivity and specificity is:

a 24-hour urine free cortisol

b plasma cortisol

¢ urinary 17-hydroxycorticosteroids
d plasma corticosterone

242 A patient has signs and symptoms suggestive of acromegaly. The diagnosis would be confirmed if

Mo the patient had which of the following?

B

a an elevated serum phosphate concentration

b adecreased serum growth hormone releasing factor concentration

¢ no decrease in serum growth hormone concentration 90 minutes after oral glucose
administration

d an increased serum somatostatin concentration 1 [ '

243 Estrogen and progesterone receptor assays are useful in identifying patients who are likely to
MILS

o~ benefit from endocrine therapy to treat which of the following?
ovarian cancer

breast cancer

endometriosis

amenorrhea

[- PR - ol

244 Which of the following sample collections would give an accurate assessment of potential excess it
cortisol production (hypercortisolism)?

a collect a plasma sample as 2 baseline, and another one-hour after administration of
metyrapone

b collect a plasma sample at 8 aM only

¢ collect a 24-hour urine free cortisol |

d collect a plasma sample at 8 AM and at 8 AM the next day : |

245 How is primary hypocortisolism (Addison disease) differentiated from secondary hypocortisolism
MLS

onty  (of pituitary origin)?

adrenal corticotropic hormone (ACTH) is decreased in primary and elevated in secondary i |
adrenal corticotropic hormone (ACTH) is elevated in primary and decreased in secondary

low aldosterone and hypoglycemia present with secondary hypocortisolism '
normal cortisol levels and blood pressure with primary hypocortisolism

[- M-

Clinical Laboratory Certification Examinations 111




2: Chemistry | Endocrinology and Tumor Markers Questiong

—_—

246 Aldosterone is released by the adrenal cortex upon stimulation by:

a renin
b angiotensinogen
¢ angiotensin |
d angiotensin Il
247 In developing the reference for a new EIA for CEA, the range for the normal population was
WS broader than that published by the vendor. Controls are acceptable with a narrow coefficient of
variation. This may be explained by:

a positive interference by another tumor marker

b population skewed to a younger age

¢ improper temperature control during assay

d inclusion of nonsmokers and smokers in the study population

248 Clinical assays for tumor markers are most important for:

screening for the presence of cancer
menitoring the course of a known cancer
confirming the absence of disease
identifying patients at risk for cancer

ah o'

249 Detection of which of the following substances is most useful to monitor the course of a patient
with testicular cancer?

a alpha-fetoprotein

b carcinoembryonic antigen
¢ prolactin

d testostercne

250 Increased concentrations of alpha-fetoprotein (AFP) in adults are most characteristically
associated with:

a hepatocellular carcinoma
b alcoholic cirrhosis

¢ chronic active hepatitis
d multiple myeloma

251 Carcinoembryonic antigen (CEA) is most likely to be produced in a malignancy involving the:

a brain
b testes
¢ bone
d colon

252 Which of the following is useful in the detection and management of carcinoma of the prostate?

a total prostate-specific antigen
b prostatic acid phosphatase

¢ human chorionic gonadotropin
d alpha-fetoprotein

253 Which of the following staternents most correctly describes the utitity of clinical laboratory assays
for tumor markers?

a tumor markers are useful to screen asymptomatic patients for tumors

b tumor markers are highly specific

¢ tumor markers indicate the likelihood of an individual developing a tumor
d tumor markers are useful in tracking the efficacy of treatment
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2: Chemistry | Tumor Markers/TDM and Toxicology Questions

254 Cancer antigen 125 (CA 125) is a tumor marker associated with:

a breast carcinoma
b colon cancer

¢ lung cancer

d ovarian and endometrial carcinoma I

255 In addition to carcinoma of the prostate, elevated prostate-specific antigen (PSA) can occur
due to:

aspirin therapy '
exogenous steroid use |
benign prostatic hyperplasia |
statin therapy (cholesterol lowering drug)

it e

TDM and Toxicology ' .

256 Blood specimens for digoxin assays should be obtained between 8 hours or more after drug Il
Onry administration because: {1

tissue and serum levels need to reach equilibrium |
serum digoxin concentration will be falsely low prior to & hours
all of the digoxin is in the cellular fraction prior to 6 hours

digoxin protein-binding interactions are minimal prior to 6 hours '

[N o - o ]

257 A drug has a half-life of 6 hours. If a dose is given every 6 hours, a steady-state drug level would
usually be achieved in:

a  3-5hours
b 10-12 hours
¢ 24-42 hours
d 48-50 hours

258 Free therapeutic drug levels are usually higher when serum protein concentrations are below
amry normal. In which of the following conditions would this most likely occur?
a acute inflammation
b nephrotic syndrome
€ pregnancy
d multiple myeloma
259 Which of the following factors is not relevant to therapeutic drug monitoring (TDM) of the
omry aminoglycosides, antibiotics and vancomycin?
intestinal absorption
nephrotoxicity
ototoxicity
renal function

[- PR - o ]

260 The drug procainamide is prescribed to treat cardiac arrhythmia. What biologically active liver
metabolite of procainamide is often measured simultaneously?

a phenobarbitol

b quinidine

¢ N-acety! procainamide (NAPA)
d lidocaine

261 Cocaine is metabolized to:

a carbamazepine
b codeine

¢ hydrocodone

d benzoylecgonine

Clinical Laboratory Certification Examinations 113




e —— g

2: Chemistry | TDM and Toxicology

Questions

262 The metabolite 11-nor-tetrahydrocannabinol-9-COOH can be detected by immunoassay 3-5 days

263

264
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269
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after a single use of:

a methamphetamine
b cocaine

¢ benzodiazepine

d marijuana

A 3-year-old child was evaluated for abdominal pain and anorexia by a physician. A CBC revealed
a hemoglobin of 9.8 g/dL (98 g/L) and basophilic stippling of the RBCs. The doctor should order
further tests to check for poisoning from:

a arsenic
b iron
€ mercury

d lead

Zinc protoporphyrin or free erythrocyte protoporphyrin measurements are useful to assess blood

concentrations of:

a lead
b mercury
€ arsenic

d beryllium
A carbonate salt used to control manic-depressive disorders is:

a digoxin

b acetaminophen
¢ lithium

d phenytoin

An antiepileptic {or anticonvulsant) used to control seizure disorders is:

a digoxin

b acetaminophen
¢ lithium

d phenytoin

A drug that relaxes the smooth muscles of the bronchial passages is:

a acetaminophen
b lithium

¢ phenytoin

d theophylline

A cardiac glycoside that is used in the treatment of congenital heart failure and arrhythmias by
increasing the force and velocity of myocardial contraction is:

a digoxin
b acetaminophen

¢ lithium

d phenytoin

A salicylate level is performed to detect toxicity caused by ingestion of excess:
acetaminophen

aspirin

ibuprofen

pseudoephedrine

B W
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Lithium therapy is widely used in the treatment of;

a hypertension

b hyperactivity

€ aggression

d manic-depressive (bipolar) disorder

Serum and urine copper levels are assayed on a hospital patient with the following results:

Reference values
70-140 pg/dL (11.0-22.0 umol/L)
<40 pg/dL (<63 pmol/L)

Patient values
20 pg/dL (3.1 ymol/L)
83 pg/dL (13.0 pmol/L)

serum Cu:
urine Cu:

This ts most consistent with:

a normal copper levels
b Wilms tumor

¢ Wilson disease

d Addison disease

An active metabolite of amitriptyline is:

a nortriptyline
b protriptyline
¢ butriptyline
d norbutriptyline

Phencbarbital is a metabolite of:
a primidone

b phenytoin

€ amobarbital

d secobarbital

Testing for the diagnosis of lead poisoning should include:

erythrocyte protoporphyrin (EPP)
urine delta-aminolevulinic acid
whole blood lead

zinc protoporphyrin {ZPP)

ah o'

Quality Assessment

275

276
MLS
UNLY

Blood received in the laboratory for blood gas analysis must meet which of the
following requirements?

on ice, thin fibrin strands only, no air bubbles
on ice, no clots, fewer than 4 air bubbles

on ice, no clots, no air bubbles

room temperature, no clots, no air bubbles

Ao

After a difficult venipuncture requiring prolonged application of the tourniquet, the serum K* was
found to be 6.8 mEq/L (6.8 mmol/L). The best course of action is to:

repeat the test using the same specimen

adjust the value based on the current serum Na*
repeat the test using freshly drawn serum
cancel the test

hn e
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277 Serum from a patient with metastatic carcinoma of the prostate was separated from the clot and
Mt stored at room temperature. The following results were obtained:

Patient value Reference range
Ca* 10.8 mg/dL (2.7 mmol/L) 8.8-10.3 mg/dL {2.2-2.6 mmol/l)
LD 420 U/L 50-150 U/L
acid phosphatase 0.1 U/L 0-5.5 U/L

The technician should repeat the:

a LD using diluted serum

b acid phosphatase with freshly drawn serum
¢ LD with fresh serum

d tests using plasma

278 Alipemic serum is separated and frozen at -20°C for assay at a later date. One week later, prior to
MILS

ony performing an assay for triglycerides, the specimen should be:
a warmed to 37°C and mixed thoroughly
b warmed to 15°C and centrifuged
€ transferred to a glycerated test tube
d discarded and a new specimen obtained

279 The different water content of erythrocytes and plasma makes true glucose concentrations in
ML

ony whole blood a function of the:
a hematocrit
b leukocyte count
¢ erythrocyte count
d erythrocyte indices

280 In aspecimen collected for plasma glucose analysis, sodium fluoride:

a serves as a coenzyme of hexokinase
b prevents reactivity of non-glucose reducing substances
€ precipitates proteins
d inhibits glycolysis
281 As part of a hyperlipidemia screening program, the following results were obtained on a
25-year-old woman 6 hours after eating;

triglycerides: 260 mg/dL (2.86 mmol/L)
cholesterol: 120 mg/dL (3.12 mmol/L)

Which of the following is the best interpretation of these results?

a both resuits are normal, and not affected by the recent meal

b cholesterol is normal, but triglycerides are elevated, which may be attributed to the recent meal
¢ both results are elevated, indicating a metabolic problem in addition to the nonfasting state

d both results are below normal despite the recent meal, indicating a metabolic problem

282 Blood was collected in a serum separator tube on a patient who has been fasting since midnight.
The time of collection was 7 AM. The laboratory test which should be recollected is:

a triglycerides
iron

< LD

d sodium
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283 Arterial blood that is collected in a heparinized syringe but exposed to room air would be most

consistent with the changes in which of the following specimens?

Specimen PO, PCO, pH
A eigvated decreased elevated
B decreased elevated decreased
c unchanged elevated unchanged
) decreased decreased decreased
a specimen A
b specimen B
¢ specimen C
d specimen D
284 Specimens for blood gas determination should be drawn into a syringe containing:
MLS
MY & no preservative
b heparin
¢ EDTA
d oxalate
285 Unless blood gas measurements are made immediately after sampling, in vitro glycolysis of the
blood causes a:
a risein pH and PCO,
b fallin pH and a rise in PO,
¢ rise in pH and a fall in PO,
d fallin pH and a rise in PCO,
286 Which of the following serum constituents is unstable if a blood specimen is left standing at room
temperature for 8 hours before processing?
a cholesterol
b triglyceride
€ creatinine
d glucose
287 An arterial blood specimen submitted for blood gas analysis was obtained at 8:30 aM but was not
received in the laboratory until 11aM. The technologist should:
a perform the test immediately upon receipt
b perform the test only if the specimen was submitted in ice water
¢ request a venous blood specimen
d request a new arterial specimen be obtained
288 In moenitoring glomerular function, which of the following tests has the highest sensitivity?
M1s
MY a urine sodium
b BUN/creatinine ratio
¢ creatinine clearance
d urea clearance
Laboratory Mathematics

289 If the pK, is 6.1, the CO;, content is 25 mM/L, the salt equals the total CO, content minus

MLS
ONLY

the carbonic acid; the carbonic acid equals 0.03 x PCO; and PCQO; = 40 mm Hg, it may be
concluded that:

a pH=6.1+log [(40-0.03)/(0.03)]
b pi =6.1 + log [(25-0.03)/(0.03)]
¢ pH=6.1+log[(25-1.2)/(1.2}]
d pH=61+log[(1.2)/(1.2-25)}
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A 24-hour urine specimen (total volume = 1,136 mL) is submitted to the laboratory for
quantitative urine protein. Calculate the amount of protein excreted per day, if the total protein
is 52 mg/dL.

a 591 mg

b 487 mg

c 220 mg

d 282 mg

The following results were abtained:
urine creatinine: 90 mg/dL (7956 pmol/L)
serum creatinine: 0.90 mg/dL {79.6 pmol/L}
patient’s total body surface: 1.73 m? {average = 1.73 m?)

total urine voiume in 24 hours: 1500 mL

Given the above data, the patient’s creatinine clearance, in mL/min, is:

a 104
b 124
c 144
d 150

A 45-year-old male of average height and weight was admitted to the hospital for renal function
studies. He had the following lab results:

urine creatinine; 120 mg/dL (10680 pmol/L)
sarum creatinine: 1.5 mg/dL (332.6 pmol/L}
total urine volume in 24 hours: 1800/mL

Calculate the creatinine clearance for this patient in mL/min.

a 100
b 144
¢ 156
d 225

One international unit of enzyme activity is the amount of enzyme that will, under specified
reaction conditions of substrate concentration, pH and temperature, cause utilization of substrate
at the rate of:

a 1 mol/min

b 1 mmol/min
¢ 1 pmol/min
d 1 nmeol/min

The bicarbonate and carbonic acid ratio is calculated from an equation by:

a Siggaard-Andersen

b Gibbs-Donnan

¢ Natelson

d Henderson-Hasselbalch

125[ has a physical half-life of 60.0 days. A sample tested today had activity of 10,000 CPM/mL.
How many days from today will the count be 1250 CPM/mL?

a 60
b 180
c 240
d 1250

118 The Board of Certification Study Guide

o




2: Chemistry | Laboratory Mathematics Questions

296 In spectrophotometric determination, which of the following is the formula for calculating the

ms  absorbance of a solution?

a (absorptivity x light path)/concentration
b (absorptivity x concentration)/light path
¢ absorptivity x light path x concentration
d (light path x concentration)/absorptivity

297 Which of the following is the formula for calculating absorbance given the percent transmittance
{(%T) of a solution?

a 1-log(®T)
b log(%T)+2
c 2 xlog(%T)
d 2-log(%T)

298 Which of the following is the Henderson-Hasselbalch equation?

a pK, = pH + log(lacid)/[salt])
b pK, = pH + log(|salt]/|acid|)
¢ pH = pK, + log(lacid]/[salt]}
d pH = pK, + log(|salt]/acid])

299 The creatinine clearance {mL/min) is equal to:

a urinary creatinine (mg/L)/[volume of urine (mL/min) x plasma creatinine {mg/L)]
b furinary creatinine (mg/L) x volume {mL/min)] + plasma creatinine {mg/L)]

€ urinary creatinine (mg/L) + [volume of urine {mL/hour) x plasma creatinine (mg/L)|
d [urinary creatinine (mg/L) x volume {mL/hour}] + plasma creatinine {mg/L)

300 An adult diabetic with renal complications has the following results:

Nty sodium: 133 mEq/L (133 mmol/L)
glucose: 487 mg/dL (26.8 mmol/L}
BUN: 84 mg/dL (30.0 mmol/L)
creatinine: 5 mg/dL (442.0 pmol/L}

On the basis of these results, the calculated serum osmolality is:

a 266 mOsm/kg
b 290 mOsm/kg
¢ 304 mOsm/kg
d 709 mOsm/kg
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301 Refer to the following illustration:

302
MLS
ONLY

303

MLS
(LY

304

MLS
ONLY
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The above figure shows the reciprocal of the measured velocity of an enzyme reaction plotted
against the reciprocal of the substrate concentration.

True statements about this figure include:

the intercept of the line on the abscissa (x-axis) can be used to calculate the V -

the straight line indicates that the enzyme reaction proceeds according to zero order kinetics
the intercept on the abscissa (x-axis) can be used to calculate the Michaelis-Menten constant
the fact that the substrate concentration is plotted on both sides of the zero point indicates
that the reaction is reversible

[-VRCC I - o

The following results were obtained in a creatinine clearance evaluation:

urine concentration: 84 mg/dL

uring volume: 1,440 mL/24 hr

serum concentration: 1.4 mg/dL

body surface area: 1.60 m? (average = 1.73 m?)

The creatinine clearance in mL/min is:
a b6
b 22
c 60
d 65

In the International System of Units, serum urea is expressed in millimoles per liter.

urea: NH2CONH3
atomic weight: N=14,C=12,0=16H=1

A serum urea nitrogen concentration of 28 mg/dL would be equivalent to what concentration
of urea?

a 4.7mEq/L

b 5.0mEq/L

¢ 10.0 mEq/L

d 20.0 mEq/L

The urea nitrogen concentration of a serum sample was measured to be 15 mg/dL.

urea: NH,CCONH;
atomic weight: N=14,C=12,0=18H=1

The urea concentration of the same sample, in mg/dL, is:

a 15
b 24
< 32
d 40
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305 The osmol gap is defined as measured Osm/kg minus the calculated Osm/kg. Normally, the osmol

My gap is less than:

a0
b 2
c 4
d 6

306 Normally the bicarbonate concentration is about 24 mEq/L and the carbonic acid concentration is
about 1.2; pK = 6.1, log 20 = 1.3. Using the equation pH = pK + log |satt]/[acid], calculate the pH.

a 7.28
b 7.38
c 740
d 742

Instrumentation

307 Stray light can be detected in a spectrophotometer by utilizing a:
MLS
“MY & mercury vapor lamp

b holmium oxide glass

¢ potassium dichromate solution

d sharp cutoff filter

308 In the atomic absorption method for calcium, lanthanum is used:
MIS
MY a  asan internal standard

b tobind calcium

¢ to eliminate protein interference

d to prevent phosphate interference

309 Which of the following methods is susceptible to the solvent displacing effect that results in
falsely decreased electrolyte values?

a indirect ion-selective electrodes
b direct ion-selective electrodes
¢ spectrophotometric
d fluorescence
310 Upon development of a thin-layer chromatogram for drug analysis all drug spots {including the
omry standards) had migrated with the solvent front. The most probable cause for this would be:
environmental temperature too warm
incorrect aqueous to nonagueous solvent mixture
too much sample applied
chromatogram dried too quickly

- "R -

311 To detect barbiturate abuse when analyzing urine specimens, immunoassay is the method of
choice for screening. The method of choice for confirmation is:

a nephelometry

b thin-layer chromatography

¢ gas chromatography/mass spectrometry

d ultraviolet absorption spectroscopy
312 Reverse phase high-performance liquid chromatography is being increasingly utilized in
oney  therapeutic drug monitoring, The term reverse phase implies that the column eluant is:

a pumped up the column

b more polar than the stationary phase

¢ always nonpolar

d less polar than the stationary phase
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When separating serum proteins by cellulose acetate electrophoresis, using Veronal ™ buffer at
pH 8.6, beta globulin migrates:

a faster than albumin

b slower than gamma globulin
¢ faster than gamma globulin
d faster than alpha-2 globulin

Hemoglobin S can be separated from hemoglobin D by which of the following methods?

agar gel electrophoresis at pH 5.9
thin-layer chromatography

alkali denaturation

ammornium precipitation

N TR

What is the proper pH for the buffered solution used to perform serum protein electrophoresis?

a 56
b 786
c 86
d 956

The buffer pH most effective at allowing amphoteric proteins to migrate toward the cathode in an
electrophoretic system would be:

a 4.5
b 7.5
¢ 86
d 35

On electrophoresis, transient bisalbuminemia or a grossly widened albumin zone is
associated with:

a dirty applicators

b presence of therapeutic drugs in serum sample
¢ endosmosis

d prestaining with tracer dye

Which of the following serum proteins migrate with the beta-globulins on cellulose acetate at
pH 8.67

a ceruloplasmin

b hemoglobin

¢ haptoglobin

d C3 component of complement

An electrode has a silver/silver chloride anode and a platinum wire cathade. It is suspended in KCl
solution and separated from the blood to be analyzed by a selectively permeable membrane. Such
an electrode is used to measure which of the following?

a pH
b PCO,
c P02

d HCO;
Hydrogen ion concentration (pH) in blood is usually determined by means of which of the
following electrodes?

a silver

b glass

¢ platinum

d platinum-lactate
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321 An automated method for measuring chloride which generates silver ions in the reaction is:

a coulometry

b mass spectroscopy
¢ chromatography
d polarography

322 Coulometry is often used to measure:

a chloride in sweat

b the pH in saliva

¢ bicarbonate in urine
d ammonia in plasma

323 In a pH meter reference electrodes may include;

a silver-silver chloride
b quirhydrone

¢ hydroxide

d hydrogen

324 Amperometry is the principle of the:

MLS
MY a PCO, electrode
b PO, electrode
¢ pH electrode
d lonized calcium electrode

325 Most automated blood gas analyzers directly measure:

a pH, HCO; and % O, saturation
b pH, PCC, and PO,

C HCO3, PC02 and P02

d pH, PO, and % O, saturation

326 Blood PCO, may be measured by:

a direct colorimetric measurement of dissolved cQo,
b aself-contained potentiometric electrode

€ measurement of CO;-saturated hemoglobin

d measurement of CO, consumed at the cathode

327 Valinomycin enhances the selectivity of the electrode used to quantitate:

a sodium
b chloride
€ potassium
d calcium

328 Which blood gas electrode is composed of silver/silver chloride reference electrode and glass?

a PO;
b pH
(4 PCOQ
d HCO,

329 Most chemical methods for determining total protein utilize which of the following reactions?

a molybdenum blue
b ferri-ferrocyanide
¢ resorcinol-HC]

d biuret
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Bromcresol purple at a pH of 5.2 is used in a colorimetric method to measure:

a albumin

b globulin

¢ Bence Jones protein
d immunoprotein

Magnesium carbonate is added in an iron binding capacity determination in order to:

a allow color to develop

b precipitate protein

¢ bind with hemoglobin iron
d remove excess unbound iron

The most specific method for the assay of glucose utilizes:

a hexokinase

b glucose oxidase

¢ glucose-8-phosphatase
d glucose dehydrogenase

Which of the following would be an example of a glucose-specific colorimetric method?

a alkaline ferricyanide
b glucose oxidase

¢ hexokinase

d o-toluidine

Increased concentrations of ascorbic acid inhibit chromogen production in which of the following
glucose methods?

a ferricyanide

b ortho-toluidine

¢ glucose oxidase (peroxidase)
d hexokinase

In the hexokinase metheod for glucose determination, the actual end product measured is the:

a amount of hydrogen peroxide produced

b NADH produced from the reduction of NAD

¢ amount of glucose combined with bromcresol purple
d condensation of glucose with an aromatic amine

Which of the following calcium procedures utilizes lanthanum chloride to eliminate
interfering substances?

a o-cresolphthalein complexone

b precipitation with chloranilic acid

¢ chelation with EDTA

& atomic absorption spectrophotometry

Before unconjugated bilirubin can react with Ehrlich diazo reagent, which of the following must
be added?

acetone

ether

distilled water
caffeine

& TN

The most widely used methods for bilirubin measurement are those based on the:

a Jaffe reaction

b Schales and Schales method
¢ B-hydroxyquinoline reaction
d Jendrassik-Grof method
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340

341

342

343

344

In the Malloy and Evelyn method for the determination of bilirubin, the reagent that is reacted
with bilirubin te form a purple azobilirubin is:

a dilute sulfuric acid

b diazonium sulfate

¢ sulfobromophthalein

d diazotized sulfanilic acid

In the Jendrassik-Grof method for the determination of serum bilirubin concentration,
quantitation is obtained by measuring the green color of:

a azobilirubin

b bilirubin glucuronide
¢ urobilin

d urobilinogen

In the Jendrassik-Grof reaction for total bilirubin, bilirubin reacts with diazotized sulfanilic acid
to form:

a diazo hilirubin

b biliverdin

c azobilirubin

d bilirubin glucuronide

In the assay of lactate dehydrogenase, which of the following products is actually measured?

a NADH

b ATP

¢ lactic acid
d pyruvic acid

In the assay of lactate dehydrogenase (LD), the reaction is dependent upon which of the following
coenzyme systems?

a NAD/NADH
b ATP/ADP

¢ Fe''/Fe'"!
d Cu/Cut’

Refer to the following illustration:

807w
701
601
501
401
301

Absorbance (340 mm)

12345678
Minutes

This illustration represents the change in absorbance at 340 nm over a period of 8 minutes in an
assay for lactate dehydrogenase.

True statements about this fipure include:

the reaction follows zero order kinetics between 5 and 8 minutes
the reaction is proceeding from lactate to pyruvate

nonlinearity after 6 minutes is due to substrate exhaustion

the change in absorbance is due to reduction of NAD to NADH

A TE
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345 In competitive inhibition of an enzyme reaction, the:

MLS
ONLY

inhibitor binds to the enzyme at the same site as does the substrate

inhibitor often has a chemical structure different to that of the substrate

activity of the reaction can be decreased by increasing the concentration of the substrate
activity of the reaction can be increased by decreasing the temperature

B o'

346 Refer to the following illustration:

MLS

347

348
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ONLY

1
v

rd

o1
(s]

The figure above shows the reciprocal of the measured velocity of an enzyme reaction plotted
against the reciprocal of the substrate concentration. True statements about this figure include:

the intercept of the line on the ordinate (y-axis) can be used to calculate the V,,,,,

the straight line indicates that the enzyme reaction proceeds according to zero order kinetics
the intercept on the ordinate (y-axis) can be used to calculate the Michaelis-Menten constant
the fact the substrate concentration is plotted on both sides of the zero point indicates that the
reaction is reversible

B M o B

The International Federation for Clinical Chemistry (IFCC) recommends the use of methods such
as the Bessey-Lowry-Brock method for determining alkaline phosphatase activity. The substrate
used in this type of method is:

a monophosphate
b phenylphosphate
¢ disodium phenylphosphate
d para-nitrophenylphosphate

The illustration below represents a Lineweaver-Burk plot of 1/v vs 1/[S] in an enzyme reaction
and the following assumptions should be made:

B
v = reaction rate 1 A
[8] = substrate v
concentration
0 1
[s]

The enzyme concentration was the same for reactions A and B
The substrate concentration was in excess for reactions A and B
Reaction A occurred under ideal conditions

Which of the following statements about reaction B is true?

a it illustrates noncompetitive inhibition

b it illustrates competitive inhibition

¢ itillustrates neither competitive nor noncompetitive inhibition
d it could be the result of heavy metal contamination
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Which of the following is a glycolytic enzyme that catalyzes the cleavage of fructose-1,
6-diphosphate to glyceraldehyde-3-phosphate and dihydroxyacetone phosphate?

a aldolase
b phosphofructokinase
¢ pyruvate kinase

d glucose-6-phosphate dehydrogenase

The substance that is measured to estimate the serum concentration of triglycerides by most
methods is:

a phospholipids

b glycerol

¢ fatty acids

d pre-beta lipoprotein

Which of the following methods for quantitation of high-density lipoprotein is most suited for
clinical laboratory use?

a Gomori procedure

b homogeneous

¢ column chromatography
d agarose gel electrophoresis

A chemiluminescent EIA:

measures absorption of light

is less sensitive than radioisotopic reactions

is monitored by the use of a gamma counter

is quantitated by the amount of light produced by the reaction

[- VAN - o

The osmolality of a urine or serum specimen is measured by a change in the:

freezing point
sedimentation point
midpoint

osmotic pressure

an e

Which of the following applies to cryoscopic osmometry?

a temperature at equilibrium is a function of the number of particles in solution
b temperature plateau for a solution is horizontal

¢ freezing point of a sample is absolute

d initial freezing of a sample produces an immediate solid state

Assay of transketolase activity in blood is used to detect deficiency of:

a thiamine
b folic acid
¢ ascorbic acid
d riboflavin

In amniotic fluid, the procedure used to detect Rb isosensitization is:

a human amniotic placental lactogen (HPL}
b alpha-fetoprotein

¢ measurement of absorbance at 450 nm

d creatinine
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2: Chemistry Answer Key
1d 59 a 117 b 175 a 233 b 291 a 349 a
2 c 60 b 118 b 176 d 234 d 292 a 350 b
3 a 61 ¢ 119 ¢ 177 ¢ 235 d 293 ¢ 351 b
14 b 62 ¢ 120 d 178 a 236 b 294 d 352 d
5b 63 b 121 b 179 ¢ 237 d 295 b 353 a
6 ¢ 64 b 122 b 180 d 238 ¢ 296 ¢ 354 a
7b 65 a 123 a 181 b 239 ¢ 297 d 355 a
8 d 66 a 124 b 182 a 240 ¢ 298 d 356 ¢
9 b 67 a 125 ¢ 183 d 241 a 299 b

10 a 68 b 126 a 184 b 242 ¢ 300 ¢
11 d 69 ¢ 127 d 185 b 243 b 301 ¢
12 b 70 a 128 d 186 d 244 ¢ 302 d
13 d 71 d 129 b 187 b 245 b 303 ¢
14 b 72 a 130 a 188 ¢ 246 d 304 ¢
15 ¢ 73 b 131 ¢ 189 d 247 d 305 a
16 d 74 d 132 d 190 a 248 b 306 ¢
17 ¢ 75 b 133 ¢ 191 ¢ 249 a 307 d
18 a 76 b 134 d 192 ¢ 250 a 308 d
19 d 77 a 135 a 193 ¢ 251 d 309 a
20 a 78 b 136 b 194 d 252 a 310 b
21 d 79 ¢ 137 d 195 d 253 d 311 ¢
22 a 80 b 138 b 196 a 254 d 312 b
23 a 81 ¢ 139 b 197 ¢ 255 ¢ 313 ¢
24 d 82 a 140 d 198 a 256 a 314 a
25 a 83 a 141 a 199 ¢ 257 ¢ 315 ¢
26 a 84 ¢ 142 b 200 ¢ 258 b 316 a
27 a 85 d 143 d 201 ¢ 259 a 317 b
28 ¢ 86 a 144 d 202 d 260 ¢ 318 d
29 a 87 d 145 ¢ 203 b 261 d 319 ¢
30 a 88 ¢ 146 a 204 b 262 d 320 b
31 b 89 d 147 ¢ 205 a 263 4 321 a
32 ¢ 90 ¢ 148 b 206 b 264 a 322 a
33 a 91 a 149 b 207 b 265 ¢ 323 a
34 a 92 d 150 ¢ 208 ¢ 266 d 324 b
35d 93 b 151 b 209 d 267 d 325 b
36 d 94 ¢ 152 ¢ 210 ¢ 268 a 326 b
37 a 95 b 153 b 211 b 269 b 327 ¢
38 d 96 ¢ 154 ¢ 212 b 270 d 328 ¢
39 ¢ 97 b 155 d 213 d 271 ¢ 329 d
40 d a8 ¢ 156 a 214 ¢ 272 a 330 a
41 b 99 ¢ 157 b 215 b 273 a 331 d
42 ¢ 100 d 158 b 216 b 274 ¢ 332 a
43 ¢ 101 d 159 4 217 b 275 ¢ 333 b
44 d 102 ¢ 160 a 218 4 276 ¢ 334 ¢
45 b 103 b 161 b 219 d 277 b 335 b
46 ¢ 104 d 162 b 220 a 278 a 336 d
47 ¢ 105 ¢ 163 a 221 b 279 a 337 4
48 b 106 d 164 d 222 b 280 d 338 d
49 ¢ 107 a 165 a 223 b 281 b 339 4
50 ¢ 108 b 166 d 224 a 282 a 340 a
51 d 109 a 167 d 225 b 283 a 341 ¢
52 ¢ 110 d 168 d 226 a 284 b 342 a
53 4 111 ¢ 169 a 227 b 285 d 343 a
54 d 112 d 170 b 228 d 286 d 344 ¢
55 d 113 d 171 b 229 d 287 d 345 a
56 a 114 ¢ 172 a 230 a 288 ¢ 346 a
57 b 115 b 173 a 231 a 289 ¢ 347 d
58 d 116 d 174 ¢ 232 d 290 a 348 b
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Answers

Carbohydrates

1 d Diagnosis of hypoglycemia in adults.
[Tietz 2008, p864)

2 ¢ Body fluid glucose reference ranges.
[Tietz 2006, pp871-872)

3 a GTT diet preparation.
[Tietz 20086, p8AD)

4 b Normal 2-hour postprandial vaiue.
|Tietz 2006, p859]

5 b Ratio of CSF glucose to blood glucose.
[Tietz 2006, pp871-872

6 ¢ Useof partial GTT information.
|Tietz 2006, p859]

7 b Effect of glycolysis on glucose.
{Tietz 2006, pB69)

8 d Unequivocal diagnosis of diabetes
mellitus.
[Tietz 2006, p855t

9 b Ageeffect on glucose.
[Tietz 2006, pa60|

10 a Factors contributing to FBS.
|Tietz 2006, p843]

11 d Gestational diabetes.
[Tietz 2006, p843]

12 b Arterial vs venous glucose values.
{Tietz 2006, pBRI|

13 d Definition of glycolysis.
[Tietx 2006, pBa3|

14 b Diagnosis of diabetes mellitus.
[Tietz 2006, p8S9]

15 ¢ Definition of glycated hemoglobin.
[Tietz 2006, p879]

16 d Average glucose over time is best
predictor.
[Tietz 2006, p&79

17 ¢ Role of fructosamine.
[Tietz 2006, p884)

18 a Interpretation of glycated hemoglobin.
ITietz 2006, p&79)

19 'd  Hgb A;c structure.
|Tietz 20086, p879)

20 a Glycated hemoglobin directly related to
life of RBC.
{Tietz 20086, p880)

21 d Interference Hgb A,

[Tietz 2008, p882]

22

23

24

25

a  Acetone in carbohydrate metabolism,
{Tietz 2006, p876|

a Copper reduction reaction detects many
reducing substances.
[Bishop 2005, p275)

d Products of glycolysis.
[Tietz 2006, p842]

a Diagnosis of lactase dehciency.
| Tierz 2006, p1863]

Acid-Base Balance

26

27

28

29

30

31

32

33

34

35

36

37

39

40

41

a  Reduced excretion of acids.
[Tietz 2006, p1768|

a  Excessive loss of bicarbonate.
ITietz 2006, p1768]

¢ Diseases causing respiratory acidosis.
{Tietz 2006, p1774|

a  Blood gas instrumentation.
[Tiet= 2006, p1009]

a Diseases causing respiratory acidosis.
[Tietz 2006, p1774)

b Normal ratio bicarbonate/carbonic acid.
| Tietz 2006, ppl759-1760]

¢ Arterial pH reference range.
| Tietz 2006, p2289|

a Interpretation of metabolic acidosis.
|Tictz 2006, p1772]

a HCO;and TCO, in metabolic alkalosis.
[Tietz 2006, p1774]

d Levels of CO; and pH in metabolic
alkalosis.
[Tietz 2006, p1774)

d Component levels in metabolic acidosis.
[Tietz 2006, p1772}

a  Definition of respiratory acidosis.
{Tictz 2006, pl 774|

d Respiratory alkalosis caused by
hyperventilation.
[Tietz 2006, p1775)

¢ Chemical cause of alkalosis and acidosis.
[Tietz 2006, p1760]

d  Blood gas sample conditions.
[Tietz 2008, p1007)

b  Electrolyte/blood gas values in
respiratory acidosis.
[Tietz 2006, p1775]
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42 ¢ Best test for renal tubular function. 62 ¢ Protein-bound Ca**.
[Tietz 2006, pp821-822} [Tietz 2006, p1893)
43 ¢ Osmolality empirical calculation, 63 b Regulation of Ca**.
[Tietz 2006, p992] [Tietz 2006, pp1891-1892]
44 & Kidney concentration determination. 64 b Regulation of Ca** and PO,q
[Tietz 2006, p992| metabolism.
. Tietz 2008, pp1891- 1892
E 45 b Definition of osmolal gap. (Tietz b !
n [Tietz 2006, p992| 65 a Hyperparathyroidism.
a ITietz 2006, pp1895-1896]
g 66 a Tetany and calcium.
Tietz 2006, pl893
&J Electrolytes {Tietz 2006, pL8931
1 67 a Tetany and magnesium,
E 46 ¢ Most important buffer pair in plasma. ITietz 2006, p1910|
Q [Tietz 2008, pL759| ) . R
B 68 b Reciprocal relationship of Ca**
@ 47 ¢ lon selective electrode standard Na/K. and phosphate.
é [Tietz 2006, p986| {Tietz 2006, p1914|
48 b Components of anion gap. 69 ¢ Regulation of phosphate.
[Tietz 2006, pp1768-1771] {Tietz 2006, p1914]
49 ¢ Effect of K' from platelets on serum K. 70 a Most common cause of low phosphate.
[Tietz 2008, p985| [Tietz 2006, pl 96|
50 ¢ Major component of CO; in blood. 71 d Laboratory results in hyperthyroidism.
[Tietz 2006, p1759} [Tietz 2006, pp18Y5, 1906)
51 d Anion gap, lactic acidosis.
[Tietz 2006, pp1768-1771)
52 ¢ Calculation of anion gap. Proteins and Other Nitrogen-Containing
1 U 7
| Tietz 2006, p1768] Compounds
53 d Maintenance of buffering capacity of
blood. 72 a Physiological feature of albumin.
[Tietz 2006, p1761] [Tietz 2006, p546]
54 d Compensatory mechanism in 73 b Abnormal accumulation of serous fluid
i idosi oy d imbal f fluid producti d
respiratory acidosis. ony due to an imbalance of fluid production an
(Tietz 2008, p1774] reabsorption. Fluid/serum protein ratio >0.5.
[Henry 2006, p4d1]
55 d Cation in osmotic pressure.
(Tietz 2006, p992) 74 d Basic principle of lab procedure timed
. urine.
56 a Effect of hemolys:s on K. [Kaplan 2003, p1098]
{Tietz 2008, pa8s)
75 b Spectral interference,
57 b Largest solute in osmolality. MIS [Henry 2006, p428|
[Tietz 2006, p992]
) 76 b Principle of protein electrophoresis.
58 d Reference range sweat Cthl’ldE. xr:';‘:‘r [Kaplan 2003, Pp203_206|
[Tietz 2006, p2260|
. 77 a Principle of protein electrophoresis.
59 a Direct [SE method. g:‘-?v {Tietz 2006, p548]
[Tietz 2006, pp987-988|
o 78 b Concentration of albumin in serum.
60 b Interferences with indirect ISE 1% [Kaplan 2003, p214]
methods.
[Tietz 2006, p987) 79 ¢ Principle of biuret reaction.
iy [Tietz 2006, p586]
61 ¢ Interferences with indirect [SE
methods. 80 b Principle of protein electrophoresis.
(Tietz 2006, pd&7] ity [Kaplan 2603, p214]
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MLS
ONLY

95
MLS
ONLY

96
M
ONLY

97
MLS
ONLY

¢ Principle of electrophoresis on
cellulose acetate.
|Kaplan 2003, p204]

a  Separation based on charge.
[Kaplan 2003, p204)

a Biochemistry and structure of
amino acids.
{Tietz 2006, p534]

¢ Abnormal metabolism of amino acids.
[Tietz 2006, p534]

& Loss of normal physiologic fluid balance.
[Henry 2006, p236]

a A ratio and proportion procedure

is most useful for calculations in which
concentrations are not changed, as in this
case. Set up a ratio of total area (180) to
gamma globulin area (30) in units, and total
protein content (6.5) to gamma globulin
content (x) in g/dL. Solve for x,

[Campbell 1497, p126]

& Elevated polyclonal gamma-globulins
with beta-gamma bridging due to increased
IgA.

[Henry 2006, p241]

¢ Duetoloss of albumin in nephrotic
syndrome, increased alpha-2 is a
compensatory mechanism,

|Henry 2006, p237]

d  Clinical correlation, deficiency of
proteinase inhibitor.
|Henry 2006, p236]

¢ Abnormal protein of a malignant plasma
cell.
[Henry 2006, p241]

a  Abnormal liver function.
|Henry 2006, p241)

d  Physical-chemical property.
|Heney 2006, p40o)

b Anticoagulant prevents clotting.
{Henry 20086, p242]

¢ Effect of charge on cellulose acetate.
[Kaplan 2003, p206]

b Acute phase reactants.
|Henry 2006, p241]

¢ Immunoglobulin response
in inflammation.
[Herry 2006, p241]

b Clinical correlation, autoimmune
immunoglobulin G.
[Henry 2006, p242]

98

MILS
ONLY

99
100

101

MLS
(NLY

102

M1S
ONLY

103

ML
ONLY

104

MLS
ONLY

105

106

107

MLS
ONLY

108

109
K
ONLY

110
MLS
ONLY
111
MES
ONLY
112
Mis
ONLY

113

114

115
MLS
ONLY

ile
ML

ONLY

¢ Monoclonal free kappa or lambda light
chains.
[Henry 2006, p400]

¢ Transport function of transferrin.
[Kaplan 2003,. p662)

d  Principle of method of analysis.
{Tietz 2006, p1188]

d Diurnal variation of iron metabolism.
[Kaptan 2003, p662)

¢ Ineffective erythropoiesis, high
iron turnover.
[Tietz 2006, p1190]

b  Features of iron deficiency anemia.
[Tietz 2006, p1190}

d Features of iron overload
hemochromatosis.
[Tietz 2006, p1190)

¢ Specimen requirements for analyte
stability.
[Bishop 2005, p232t

d  Specimen requirements for analyte
stability.
|Bishop 2005, p232)

a Hyperammonemia to detect
encephalopathy.
|Henry 2008, p266]

b Creatinine measurement. Kidney
function test,
[Tietz 2006, p798]

a  Dilutions. Laboratory calculation.
{Bishop 2005, p23]

d Correlation of disease and test result.
|Kaplan 2003, p448]

¢ Metabolic product of protein catabolism.
[Tietz 2006, pBOL|

d Description of the Jaffe reaction
for creatinine.
[Tietz 2006, p798|

d  Glomerular filtration rate is estimated
by filtration markers such as creatinine
clearance.

[Tietz 2006, p822]

¢ Abnormal results correlate with
abnormal kidney function.
[Tietz 2006, pp801-803]

b Maternal urine instead of amniotic Aluid,
[Bishop 2005, pS56]

d Metabolism of purine bases.
[Bishop 2005, pd84)
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117 b Retinol is one of the 3 biologically active
MLS

forms of fat-soluble vitamin A.
{Kaptan 2003, p570]

118 b Troponin complex (TIC triple complex)

MLS

oy consists of T, T and C.

(Kaplan 2003, pp569-570)

133

134

¢ Light-exposed bilirubin is oxidized
(structurally altered).
[Bishop 2005, p483)

d Biochemical pathway of bilirubin.
Tietz 2006, p1195)

135 a Principle of diazo reaction with
E 119 ¢ Acute phase protein increased Sy unconjugated bilirubin.
‘= m,“.‘y in inflammation. |Tietz 2006, p1196]
.E {Bishop 2005, p196] r}“3\6.‘1 b Total bilirubin = (direct} conjugated
o 120 d Oligoclonal proteins are produced onvy  bilirubin + (indirect) unconjugated bilirubin
MLS . . .
o8 oniy in multiple sclerosis and other 31-20=11
(@] demyelinating diseases. | Tierz 2006, p1196)
!n [Bishop 2005, p362] 137 d Principle of diazo reaction with
;‘,‘ 121 b Structural definition of a peptide bond.  Ouy conjugated bilirubin.
3 [Kaplan 2003, p1027] [Tietz 2006, p1197]
E 122 b Function of ceruloplasmin. 138 b Light-exposed hilirubin is oxidized
< [Bishop 2005, p196]| (structurally altered}. ’

123 a
MLS
ONLY

Alpha-fetoprotein is the embryenic
form of albumin.
|Kaplan 2003, p934|

124 b Normal CSF includes prealbumin, the

139

[Bishop 2005, p483)

b Light-exposed bilirubin is oxidized
{(structurally altered).
{Bishop 2005, p483|

Sy fraction at 4.5%. 140 d  Metabolism of bilirubin in
[Henry 2006, 1415 iy the hepatocytes.
. Tietz 2006, pl195]
125 ¢ Other distractors are causes of By, ITic ?
omry  deficiency. 141 a Intrahepatic biliary atresia; conjugated
[Tietz 2006, p1105| oniy hyperbilirubinemia.
Tietz 2006, p1201
126 a Biochemistry of absorption, [Tiec p120n
Mis

onty [Tietz 2006, p110t]

127 d Correlation of disease and prenatal

b Definition of kernicterus.
| Tie1z 2006, p1201]

My screening test. 143 d Correlation of disorder and abnormal
[Kaplan 2003, p334] Miry  metabolism of bilirubin.
[Tietz 2008, pt19Y|
144 d Hepatocellular disorder and highly
MLS
. . only  elevated AST.
Heme Derivatives [Henry 2006, pp273 275.
%]%3 d  Principle of the test reaction, 145 ¢ Post-hepatic biliary obstruction;
oncy [Kaplan 2003, p536] tuiy increased alkaline phosphatase.
129 b Hemoglobin metabolism. (Henry 2006, p275|
MLS , i
oney [Kaplan 2603, p437] 146 a Bleeding from upper GI,
'II 130 a Comparative mobilities due to |Heary 2006, p272]
i structures of Hgb variants. 147 ¢ Bile pigments (uro-, meso-, stercobilin)
| [Henry 2006, p524| Mty in feces.

|I 131 ¢ Comparative mobilities due to (Tietz 2006. p1135)

1 structures of Hgb variants. 148 b Correlation of disorder and high RBC
| (Henry 2006, p522] oniy  zine protoporphyrin.

! 132 d Physical-chemical property of Hgb F. [Kaplan 2003, p669]

onLy [Henry 2006, p521] 149 b Normal Hgb is changed to abnormal
oy derivative CO-Hgb.
[Tietz 2006, p1296|
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2: Chemistry | Enzymes

Answers

150 ¢ CO prevents heme iron from binding
ok with oxygen.
[Tietz 2006, p1296|

b Deficiency of ALA synthase which
catalyzes the 1st step of porphyrin
synthesis.

[Tietz 2006, p1215}

152 ¢ Rapid initial screening should precede
onry complex testing,
| Tietz 2006, p1224|

15

MI=
ONLY

153 b Other distractors are not enzymes
MILS
ony affected by lead.

| Tietz 2006, p1211]

154 ¢ Haptoglobin phenotyping for rare
MLS :
ony deficiency states.

[Tietz 2006, p561|

Enzymes

155 d There is an increase in the serum levels
of amylase and lipase in acute pancreatitis.
However, the elevated level of lipase persists
longer than amylase. Elevated levels of
lipase and amylase are seen in other intra-
abdominal conditions, but the frequency of
elevations is less with lipase than amylase.
|Bishop 2005, pp256-258)

156 a Amylase and lipase are hydrolases
involved in the breakdown of starch and
glycogen, and lipid metabeolism, respectively.
Both enzymes are primarily located in
the pancreas. Disorders of the pancreas
are characterized by elevated levels of the
enzymes. 3-NT, GGT, AST and LD are
elevated in liver and hepatobiliary diseases.
[Bishop 2005, pp256 258)

157 b In the amyloclastic, saccharogenic and
chromogenic methods for measurement of
amylase, the substrate, starch is converted
to glucose and maltose.
|Hishop 2005, p257]

3“.'.18 b Macroamylasemia is an asymptomatic
ony condition which results when the amylase

molecule and immunoglobulins combine to
form a complex. The complex is too large to
be filtered across the glomerulus. Lack of
renal clearance leads to an increased serum
amylase and a decreased urine amylase,
[Bishop 2003, p256]

159

160

161

162

163

164
MLS
ONLY

165

MLE
ONLY

d Amylase is present primarily in the
pancreas. Pancreatitis results in the release
of the enzyme into the serum. Creatinine
is a nonprotein nitrogenous substance

and is measured for renal function. Beta-
hydroxybutyrate is measured for diabetic
acidosis and LD isoenzymes are evaluated
for disorders involving the heart and liver.
|Bishop 2005, p256]|

a Aspartate aminotransferase (AST) is
involved in the transfer of an amino group
between aspartate and alpha-keto acids. AST
is present in several tissues, with its highest
concentrations in cardiac tissue, liver and
skeletal muscle. Depending on the type of
liver disease, the levels may be 100x the
upper limits of normal (ULN).

|Bishop 2005, ji250)

b Aspartate aminotransferase (AST)
belongs to the class of transferase enzymes.
Specifically, AST catalyzes the transfer

of an amino group from aspartate to
alpha-ketoglutarate forming oxaloacetate
and glutamate,

|Rishop 2008, p250)

b The transferases, alanine
aminotransferase (ALT) and AST are located
primarily in the liver. Elevated serum levels
of the enzymes are seen in hepatocellular
disorders. The levels may be 100 times

the upper limit of normal. The ALT level

is usually higher than AST. Increased

levels of AST are also seen in infectious
mononucleosis and muscular dystrophy, but
ALT is not elevated in the elinical disorders.
|Rishop 2005, pp250-251}

a AST and ALT levels are the highest in
acute hepatocellular conditions, specifically
acute viral hepatitis. The levels may be 100
times the upper limit of normal. Slight
increases of the aminotranferases are seen in
cirrhosis and metastatic hepatic carcinoma.
[Rishop 2005, pp251, 485]

d In the coupled reaction of AST
measurement, malate dehydrogenase
catalyzes the oxidation of oxaloacetate to
malate in the indicator reaction.

(Bishop 2005, p250]

a Inacute hepatocellular disorders, the
serum levels of AST and ALT can be 100
times the upper limit of normal. Slight
increases of the enzyme activities are seen
in chronic hepatitis, hemangioma, and
obstructive jaundice.

[Bishop 2005, p250, 485]
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Answers

166

fun
=1
|

168

169

170

171

d Elevated serum levels of LD up to 50
times the upper limit of normal are seen
with pernicious anemia. The ineffective
erythropoiesis results in the release of
large quantities of LD1 and LD2. Increased
levels of LD1 and LD2 may be seen in renal
disease, but the increase is not as great

as for pernicious anemia. Slight increases
of LD3 are seen in pulmonary conditions
and pancreatitis.

[Bishap 2005, p249]

d Creatine kinase (CK) catalyzes the
reversible phosphorylation of creatine. The
highest levels of the enzyme are found in
skeletal muscle, heart muscle and brain
tissue. Increased serum enzyme activity

is present in diseases involving the listed
muscles and tissue. Lipase is measured for
acute pancreatitis; the transaminase and
lactate dehydrogenase (LD) are not markedly
increased in muscular dystrophy.

[Bishop 2005, p244]

d Lactate dehydrogenase (LD) catalyzes
the interconversion of lactic and pyruvic
acids. Electrophoretically, using agarose

or cellulose acetate medium, LD can be
separated into 5 isoenzymes, LD1-LD5. CK
and lipase have 3 isoenzymes; AST has 2.
{Bishup 2005, pp248-249]

a  Erythrocytes contain 150 times more
LD activity than serum, mostly LD1 and
LD2. Rupture of the RBC membranes as in
hemolysis will elevate the serum level of the
enzyme. LD5 is increased in liver disorders
and drug toxicity if the liver is involved.
|Bishop 2005, p250|

b The 3 CK isoenzymes are CK1 or CKBB,
CK2 or CKMB, CK3 or CKMM. CKMB is
primarily located in myocardial tissue.
Damage to the myocardial will cause an
elevation of the CKMB level.

[Burtis 2001, p357)

b Creatine kinase (CK) is located in

brain tissue and heart and skeletal muscle.
Diseases involving the tissue site will
increase the level of the enzyme activity. CK
activity is not increased in hepatitis.

|Burtis 2001, p357]
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173

174

175
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ONLY

176
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ONLY

177

a Elevations of serum LD4 and LD5
fractions are seen in liver and skeletal
muscle diseases because the isoenzymes
are located in the tissues. LD1 and LD2
are elevated in hemolytic anemia and
myocardial infarction. Increased levels of
LD3 are observed in pulmonary edema.
[Burtis 2001, pp364-365|

a  After an acute myocardial infarction
(AMI), CK activity increases 4-6 hours after
the symptoms, peaks at 12-24 hours and
returns to normal within 48-72 hours. AST
increases 6-8 hours after the infarction.
Elevated levels of LD are noted 12-24 hours
after the symptoms. ALT activity does not
increase with a AMI,

[Bishop 2005, pp246, 248, 250]

¢ Although, CKMB activity is more
specific for the myocardium, CKMM is
present in both the skeletal and heart
muscles. An increase of the isoenzyme
activity may occur after a AMI. Only one
peak would be present for a brain tumor
and muscular dystrophy; no peaks would be
present for hepatitis since the liver is not a
tissue source of CK.

{Burtis 2001, p689|

a The major LDH isoenzymes in the
serum of healthy persons are LD2,
accounting for 29%-39% of the total activity
and LD1=14%-26% of enzyme activity.

[n a myocardial infarction the pattern is
changed. The activity of LD1 is greater than
L.D2. The ratio of LD1 to LD2 is >1. The
normal ratio is 0.45-0.74.

[Burtis 2001, p365)

d LD4 and LDS isoenzymes are located
in the liver and skeletal muscle. LD5 is
the predominate fraction in these tissues.
Elevated levels of LD5 are seen with
intrahepatic disorders. LD1 and LD2

are elevated in hemolytic anemia and
myocardial infarction. LD3 fraction is
increased with a pulmonary infarction.
[Bishop 2005, pp248-249]

¢ Increased levels of aldolase and CK

are seen with skeletal muscle disease. The
magnitude of the elevation is dependent on
the type of skeletal muscle disease.

|Burtis 2001, pp357-359]
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178

180

181

182

183

a In the immunoinhibition technique

for CKMB determination, antibodies are
directed against the M and B units of the
enzymes. Anti-M inhibits all M activity but
not B activity. CK activity is measured before
and after inhibition. The activity remaining
after inhibition is a result of the B subunit
for BB and MB activity.

[Burtis 2001, p361)

¢ Of the 3 CK isoenzymes, CKMB is
located in the myocardial. The fraction is
elevated with an acute myocardial infarction
(AMI). CKMM is elevated in acute muscular
stress following strenuous exercise. CKBB is
increased in brain injury.

|Burtis 2001, pp357-359]

d The LD isoenzymes as a percentage of
total LD activity are LD1: 14%-26%, LD2:
29%-39%, LD3: 20%-26%, LD4: 8%-16%
and LD5: 6%-16%. The scan indicates the
fraction LD5 is increased. Elevated levels of
1.D5 are seen with viral hepatitis.

|Burtis 2001, pp362-3865]

b The LD1 and LD2 fractions are
increased in hemolytic anemia due to the
intramedullary hemolysis. LD5 is increased
with hepatic damage. LD3 may be increased
with acute pancreatitis. The LD isoenzyme
pattern in renal disease is very similar to

a normal pattern except for the higher
absolute values,

[Burtis 2001, pp362 363]

a Elevation of the levels of CK and AST
is seen in muscle damage due to the crush
injury to the thigh. AST levels can increase
up to 4-8 times the upper limit of normal.
Cerebrovascular accident and pulmonary
infarction‘have increased CKBB levels. In
acute hepatitis, the AST level may be 100
times the upper limit of normal.

[Bishop 2005, p244, 2501

d Obstructive jaundice is characterized by
an increased ALP—3 times the upper limit
of normal—and a marked increase in GGT.
The aminotransferases are slightly elevated
owing to the fact that they are sensitive for
acute hepatocellular conditions.

| Bishop 2005, p252, 255]

184

185

186

187

188

189

190

b Chronic hepatitis is a chronic
inammation of the hepatocytes that
persists for at least 6 months. The serum
enzyme levels may be variable depending
on the condition. ALT, AST and ALP may
be increased by 2 times the upper limit of
normal. GGT is slightly increased.

[Bishop 2005, pp490-491)

b The heat activation method of ALP
isoenzyme separation involves heating an
aliquot of the serum sample at 56°C for 10
minutes. An untreated aliquot of the sample
along with the heated one are assayed for
ALP activity.

fBurtis 2001, p368]

d The Regan isoenzyme is an abnormal
ALP isoenzyme. The carcinoplacental ALP
has properties similar to the placental
enzyme, in that it is also heat stable (65°C,
30 min). It has been detected in lung, breast,
ovarian and colon cancer.

|Burtis 2001, p368]

Ax3stmiay)-siamsuy

b The major serum ALP isoenzymes are
located in the liver, bone, intestine and
placenta. Placenta ALP is most heat stable
followed by the intestinal, liver and bone
fractions in decreasing order of stability.
[Bishop 2005, p252|

¢ GGT levels are elevated in alcoholism.
The levels may range from 2-3 times the
upper limit of normal. ALT, AST, and ALP
may be increased depending on the alcohol
damage to the liver.

| Bishop 2005, p255)

d Isoenzymes are multiple forms of an
enzyme that possess the ability to catalyze a
reaction, but differ in structure. For enzymes
located in many tissue sites, an increased
total enzyme activity cannot be associated
with a specific clinical disorder. However,
since the isoenzyme fractions are located in
various tissue sources, measurement of the
different fractions are considered a more
specific indicator of various disorders than
total levels.

|Burtis 2001, pp160-161]

a The holoenzyme is the active system
formed by a protein portion called the
apoenzyme and a cofactor which can be
an activator if inorganic and a coenzyme
if organic.

{Bishop 2005, p237]
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191
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¢ Approximately 20%-30% of the seminal
fluid is prostatic fluid. The composition

196 a
Ty using the Friedewald equation, values

In the indirect measurement of LDL

of the prostatic Auid is acid phosphatase,
citric acid, and proteolytic enzymes. The
activity of prostatic acid phosphatase may

be measured in seminal fluid for medicolegal

cases involving rape.
[Strasinger 2008, p200}

is the preferred substrate for continuous
monitoring.
[Burtis 2001, p383]

All of the enzymes are dehydrogenases

vy which are oxidoreductases. The
oxidoreductases catalyze oxidation
reduction reaction between 2 substrates,

The enzymes may be located in the liver and
the heart; however, the enzymes are in class

1 and not class 3 according to the Enzyme
Commission of the [UB system.
|Bishop 2005, p237]

Lipids and Lipoproteins

194 d High-density lipoprotein (HDL) is the

Mis

N

195

5

MI.
ON

iv smallest and most dense lipoprotein. Its
role in lipid metabolism involves removing
cholesterol from the peripheral cells and
transporting it to the liver for further
metabolism. Because of these actions, HDL
is thought to be anti-atherogenic. Increased
levels of LDL, VLDL and chylomicrons are
associated with atherosclerosis.

{Bishop 2005, p287}

d  Serum HDL has been routinely

v measured indirectly by a 2-step
procedure. Precipitation of all of the
non-HDL lipoproteins with a polyanion-
divalent cation combination reagent and
centrifugation to obtain the supernatant

containing only HDL. The cholesterol bound

to HDL is measured as HDL. One challenge

regarding the method has been the selection

of a precipitating reagent that would

precipitate the apoB containing lipoproteins.
Dextran sulfate with magnesium has proven

to be very effective.
[Burtis 2001, pd87]
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Thymolphthalein monophosphate is the
substrate of choice for quantitative endpoint
reactions; however, p-nitrophenylphosphate

197

MIis
ONLY
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ONLY

200
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201
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ONLY

202

are needed for the total cholesterol, HDL
cholesterol and triglyceride. Because
LDL and HDL are measured based on
their cholesterol content, it is necessary
to determine the total cholesterol

and HDL cholesterol using the same
cholesterol procedure.

1Burtis 2001, p488)

¢ High-density lipoprotein (HDL) is the
smallest and most dense of the lipoproteins,
This is evidenced by its lipid content of 20%
and protein concentration of 50%.

|Bishop 2005, p286)

a  Familial hypercholesterolemiais a
genetic condition characterized by elevated
serum cholesterol levels. In homozygotes
and heterozygotes, the elevated cholesterol
is associated with an increased LDL level.
The lack or deficiency of the LDL receptors
prevents the metabolism of LDL cholesterol,
resulting in an increased LDL level,

[Rishop 2005, p205]

¢ Atherosclerosis is characterized by a
thickening and hardening of the arterial
walls by cholesterol plagues in the lining of
the arteries. Elevated levels of cholesterol
are associated with the development of
the plaques. One of the roles of LDL is

to transport cholesterol esters to the
cells for metabolism. Elevated LDL levels
are also associated with development

of atherosclerosis.

| Bishop 2005, p502]

¢ Low-density lipoprotein (LDL)
transports about 70% of the total plasma
cholesterol. HDL transports only 30% of
the cholesterol. Chylomicrons and VLDL
transport triglycerides,

[Burtis 2001, p475|

¢ Tangier disease results from a defect
in the catabolism of Apo A-I, an essential
apoprotein for HDL. In homozygotes,
the plasma level for HDL is practically
zero. The reduced HDL levels result from
increased HDL catabolism,

|Burtis 2001, p483|

d Lipid analysis using overnight
refrigeration involves incubating the sample
at 4°C overnight. The chylomicrons, present
as a thick homogenous cream layer, may be
observed floating at the plasma surface.
[Kaplan 2003, p625)
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203 b Foodintake can cause a transient
Miy increase in the triglyceride level by 50%.

The LDL and HDL levels may be decreased
by 10%-15 % depending on the fat content
of the meal.

fBurtis 2001, p489]

b Tay-Sachs disease is a rare inherited
disorder characterized by the near-total
deficiency of the enzyme N-acetyl-
beta-hexosaminidase A. The enzyme

is responsible for the hydrolysis of the
beta (1,4)-glycosidic bond between
N-acetylgalactosamine and galactose in
GM2 ganglioside. Neimann-Pick disease and
Hurler's syndrome are lysosomal disorders
as is Tay-Sachs. Phenylketonuria results
from an absent enzyme, but is an inborn
error of metabolism.

[Burtis 2001, pp931-932|

a The historical method to evaluate fetal
lung maturity is the lecithin/sphingomyelin
(L/S) ratio. Measurement of pulmonary
surfactant is done to evaluate fetal lung
maturity. Lecithin is the major component
of the lung surfactant. Sphingomyelin, a
non-lung phospholipid, has no role in the
surfactant system. It serves as a control
for the increase in lecithin that occurs
around the 34-36th week of gestation.
Other amnijotic fluid evaluations include
measurement of creatinine for fetal age;
alpha-fetoprotein for neural tube disorder
and absorbance at 450nm-bilirubin for
fetal distress.

{Strasinger 2008, p240. [Burtis 2001, p919)

b  The scan shows an increase in the
phospholipids concentrations around

the 34-36th week of gestation. The
phospholipids are produced by the Type II
cells of the alveolar of the tungs.

| Bishap 2005, pS57|

b Mixed hyperlipoproteinemia or type
V hyperlipoproteinemia occurs primarily
in adulthood and is characterized by
markedly elevated triglycerides, elevated
very low-density lipoproteins (VLDL)
and chylomicrons. Because of the
markedly increased triglyceride level, the
specimen integrity is milky, and overnight
refrigeration shows a creamy layer over
turbid serum due to the chylomicrons
and triglycerides.

[Kaplan 2003, p623]

208 ¢ Lipoprotein lipase hydrolyzes

triglycerides and chylomicrons during
normal lipid metabolism. A deficiency
in lipoprotein lipase results in markedly
increased serum chylomicrons

and triglycerides.

|Burtis 2001, p481|

d Inthe endogenous pathway for lipid
metabolism the hepatocytes can synthesize
triglycerides from carbohydrates and

fatty acids. The triglycerides are packaged
in VLDL, and ultimately delivered to

the circulation in that form. Exogenous
triglycerides are transported primarily by
chylomicrons. HDL transports cholesterol
from peripheral cells to the liver. LDL
transports cholesterol and phospholipids to
peripheral cells.

| Bishop 2005, pp288-289|

¢ Elevated levels of chylomicrons in serum
or plasma will result in a turbid specimen.
The large size of the chylomicron will reflect
the light, causing a turbid appearance.

{Bishop 2005, p286]

Endocrinology and Tumor Markers

211 b TSH produced by pituitary gland.

|Bishop 2005, pd48]

b Increased TSH, decreased free T, and
total T, positive microsomal Ab consistent
with primary hypothyroidism.

|Bishop 2005, ppdd49-451|

d Increased TSH, decreased free

T, and total T4, symptoms of cold
intolerance and hair loss are consistent
with hypothyroidism.

(Rishop 2005, ppdd9-451]

¢ T,is more biologically active, 80% of T,
is converted into Ts.
[Bishap 2005, p446]

b Congenital hypothyroidism presents
with very low thyroid hormones and is best
confirmed by serum TSH.

|Bishop 2005, pp664- 665)

b >99% of Ty and T4 are bound to
thyroxine-binding prealbumin, thyroxine-
binding globulin, and albumin.

| Bishop 2005, pp447-448)

b TSH is the American Thyroid
Association’s recommended screening test.
|Arneson 2007, p404]
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2: Chemistry | Endocrinology and Tumor Markers , Answerg

218 d Neonates are screened using total Ty. 234 d Adeficiency of vitamin D in children
[Arneson 2007, p402) leads to rickets.
219 d Hashimoto thyroiditis—the most (Bishop 2005, pp621-6221
common cause of hypothyreidism. 235 d A deficiency of niacin may be seen
[Bishap 2005, pp450-45t| with chronic alcoholism, and is known
220 a  Age, sex, physical complaint, as pellagra.
. . . {Bishop 2005, p623]
with elevated TSH point to primary
hypothyroidism. 236 b Angiotensin Il is a vasoconstrictor
[Bishop 2005, pp450-451] and stimulates the adrenal cortex to

produce aldosterone.
|Arneson 2007, p388|

[
N
=

b hCG is the primary marker for early
pregnancy.

|Arneson 2007, pp429-431) 237 d Vanillylmandelic acid (VMA) is the
major metabolite of epinephrine and
norepinephrine. VMA is measured in a
24-hour urine.

Arneson 2007, p346.

238 ¢ Parathyroid hormone (PTH) and the
hormone vitamin D play a dominant role in
calcium regulation.

224 a  The procedure “change in absorbance [Bishop 2005, pp458-461
of amniotic fluid at 450 nm” used to detect

222 b During pregnancy, the largest fraction
oniy of estrogen in urine is estriol.

[Arneson 2007, p435|
223 b hCG levels peak at B-10 weeks after the

oniy last menstrual period (LMP).

|Arneson 2007, p431.

Answers-Chemistry

239 ¢ 95% of congenital adrenal hyperplasia

h,em(ﬂym disease of newborn (HDN). M. is associated with a deficiency of
{Bishop 2005, pp535-557] 21-hydoxylase. Increased 17-OH
225 b Serum hCQG levels peak at 8-10 weeks. progesterone is seen if measured by
[Arneson 2007, pd31 the laboratory.
226 a  MoM calc = 34/32 = 1.06 (or <2). [Bishop 2005, ppA15-416]
My [Arneson 2007, paso] 240 ¢ ACTH stimulation tests, using synthetic

ACTH, will differentiate primary from
secondary adrenal insufficiency. Synthetic
ACTH will not cause the adrenal gland to

227 b Aldosterone is a hormone produced by
the adrenal cortex.

IBishap 2005, pp414-415] respond in primary insufficiency.
[ 228 d  All adrenal steroid hormones are |Arneson 2007, pp3R4-385|
il enzymatically derived from cholesterol. 241 a  The 24-hour urine free coritsol is
1t |Rishop 2005, p414) the most sensitive and specific screen
| 229 d Testosterone is the most biologically for hypercortisolism.
i omvy  active androgen in the embryonic stage [Bishop 2005, p420]
| and later effects sperm prqduction and 242 ¢ Following an overnight fast, a 100
stacondary sex characteristics. tncy  gram oral glucose load will cause a large
[Bishop 2005, p436) drop in serum growth hormone in a normal
| 230 a The normal variation of serum cortisol inldividual, but will not suppress in patients
| is higher at 8 aM than 4 pMm. with acromegaly.
|Arneson 2007, p383| [Bishop 2005, p404]
, 231 a A deficiency of vitamin A leads to night 3&3 b About 55%-60% of patients
blindness, and if prolonged total blindness. onty whose breast tumors demonstrate
[Bishop 2005, p620] estrogen receptors (ER) respond well to
. endocrine therapy.
232 d A deficiency of thiamine (vitamin B|) Bishop 2005, p613)
known as beriberi, may be seen with chronic
alcoholism in the U.S. 244 ¢ Due to circadian variation, the 24—h0ur
| [ [Bishop 2005, p622} UFC is an accurate measurernent of active
I X forms of cortisol.
th 233 b A deficiency of ascorbic acid (vitamin C) (Bishop 2005, pa20]
| is called scurvy.
(Bishop 200, p626]
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b  Primary hypocortisolism = decreased
cortisol/elevated ACTH; secondary
hypocortisolism = decreased cortisol/
decreased ACTH.

|Arneson 2007, p386)

d  Angiotensin 11 directly stimulates the
adrenal cortex to release aldosterone.
[Bishep 2005, pa15]

d Increased CEA levels are seen in
patients with liver damage, heavy smokers
and following radiation and chemotherapy.
|Bishop 2005, p613|

b Tumor markers are useful for
monitoring therapy, detecting recurrence
and aiding in prognosis of tumors, but
are not useful for screening the general
population for cancer.

[Bishop 2005, pp608-609]

a Most testicular tumors are germ cell
tumors which are characterized by elevated
serum levels of alpha-fetoprotein (AFP).
Measurement of serum AFP is used in

the diagnosis, therapy and follow-up of
testicular cancer. The carcinoembryonic
antigen is a marker for colon cancer. The
serum levels of testosterone and prolactin
are not increased in testicular cancer.
[Kaplan 2003, p467]

a Alpha-fetoprotein (AFP) is an oncofetal
glycoprotein marker for hepatocellular

carcinoma. Elevated levels of AFP (<200 pg/L)

are seen in hepatitis and cirrhosis. However,
in hepatocellular carcinoma, the levels can
be greater than 1,000 pg/L.

| Burtis 2001, p403}

d The carcinoembryonic antigen {CEA) is

a marker for colon, gastrointestinal and lung

cancer. Elevated serum levels of CEA are
primarily seen with colon cancer. Although
the levels may be increased in individuals
with benign conditions, the level of CEA
elevation is greater for colon cancer.

{Burtis 2001, p403|

a tPSA along with DRE is the
recommended screen for prostate cancer in
males over 50 years of age.

[Bishop 2005, p608]

d Markers are good for monitoring
therapy and detecting recurrence of tumors.
[Arneson 2007, p469]

d CA125is elevated in 80% of epithelial
cell ovarian cancer.
[Bishop 2005, p612}

255

¢ PSA can be elevated due to BPH.
|Arneson 2007, p492)

TDM and Toxicology

256
MES
ONLY

257

258
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ONLY
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260

261

262

263

264
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265

a Intestinal absorption of digoxin

is variable, and tissue uptake is slow;
therefore, serum levels are measured 8
hours after administration to permit tissue
and serum levels to equilibrate.

[Bishup 2005, pp577 578]

¢ A steady-state therapeutic drug
level is achieved between 4 and 7 doses.
Many variables affect when steady state
is achieved.

[Rishop 2005, p575; Arneson 2007, pS06}

b Llow serum protein means less of
a drug is bound to protein. This may
occur due to nephrotic syndrome,
which causes significant protein loss
and hypoalbuminemia.

{Bishop 2005, p572|

a These drugs are not administered orally.
|Bishop 2005, p579}

¢ NAPA is the active metabolite
of procainamide.
[Rishap 2005, pp578-579]

d The primary metabolite of cocaine
is benzoylecgonine, which is produced
by the liver and eliminated in the urine.
Benzoylecgonine is detected in drugs of
abuse screens for cocaine,

[Bishop 2005, pp60C-601]

d 11-nor-THC-COQOH is the urinary
metabolite of cannabinoids {(marijuana
and hashish).

[Bishop 2008, p&0d]

d Lead interferes with heme synthesis,
which on a CBC may present as a decreased
hemoglobin, with basophilic stippling of
the red blood cells. These findings in a child
may indicate lead toxicity. Whole blood
lead is the recommended test; but urine
delta-aminolevulinic acid and RBC zinc
protoporphyrin are also useful assays.
[Bishop 2005, pp594-505; Arneson 2007, pp186-187.

a Erythrocyte zinc protoporphyrin is a
useful screen for lead toxicity.
[Bishop 2005, p594]

¢ Lithium (carbonate) is used to treat
manic depression or bipolar disorder.

{Bishop 2005, p581; Arneson 2007, p515)
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266 d Phenytoin (trade name Dilantin™} is
an anticonvulsant therapeutic drug used to
treat seizure disorders.

[Bishop 2005, ppS80-588; Arnescn 2007, pp514-515]

267 d The action of the drug theophylline

is bronchodilation and smooth
muscle relaxation.
[Arneson 2007, p515]

268 a Digoxin at therapeutic serum levels
(0.5-1.5 ng/mL) improves cardiac muscle
contraction and rhythm,
|Arneson 2007, pp510-512]

269 b Salicylate levels are used to determine
if aspirin (acetylsalicylic acid) toxicity is
present. Toxic serum or plasma levels are
generally >300 pg/mL.

(Arneson 2007, pp517-518]

d Lithium (carbonate) is used to treat
manic depression or bipolar disorder.
[Bishap 2005, pS81; Arneson 2007, p515)

271 ¢ Ceruloplasmin made by the tiver, is the
v primary serum copper-bearing protein.

|Bishop 2005, p370|

272 a Nortryptyline is an active metabolite
MILS

M. of amitriptyline and must be included in

analysis for tricyclic antidepressants (TCAs).

|Bishop 2005, p582}

273 a  Primidone is an inactive proform
iy of phenobarbital.

[Bishop 2005. p580; Arneson 2007, pS14|

274 ¢ Measurement of whole blood lead is the
recommended test for children. In adults
higher lead levels are significant; therefore
other methods, such as erythrocyte
protoporphyrin and delta-aminolevulinic
acid, are acceptable for adults.

[Arneson 2007, pp L48-189]

Quality Assessment

275 ¢ Preanalytical interferences with blood
gases.
[Tietz 2006, pp1007-1008)

276 ¢ Use of tourniquet for over 1-3 minutes
MIS - can cause elevation in protein and atbumin,
calcium, potassium, and hemoglobin.

[Clarke 2006, p5|
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277 b Serum for acid phosphatase

MLS  measurement should not be stored at room
temperature. This analyte requires special
collection (citrate 10g/L) and storage
(frozen) conditions to help stabilize the pH
at about 6.2.

[Tietz 2006, p54]

278 a Frozen samples should be allowed to

M thaw slowly at room temperature or in a
37°C water bath and should then be mixed
thoroughly before analysis.

[Kaplan 2003, p78]

279 a Water content is higher in plasma than
MIis .
ity in whole blood.

| Tietz 2006, pt68|

280 d Sodium Auoride exerts its preservative
action by inhibiting the enzyme systems
involved in glycolysis.

[Tietz 2006, p48)

281 b A high-fat diet increases the serum
concentrations of triglycerides. Fasting
overnight for 10-14 hours is the optimal
time for fasting around which to standardize
blood collections, including lipids.
|Tietz 2006, p454|

282 a A high-fat diet increases the serum
concentrations of triglycerides. Fasting
overnight for 10-14 hours is the optimal
time for fasting around which to standardize
biood collections, including lipids.

[Tietz 2006, p454]

283 a The presence or exposure of excess gas
(oxygen) in the syringe used to collect blood
gas specimens will cause diffusion of carbon
dioxide out of the specimen, oxygen into the
specimen, and an increase in pH.

[Clarke 2006, p322]

284 b Arterial specimens are best collected

M. anaerobically with lyophilized heparin
anticoagulant in sterile syringes.

[Tietz 2006, p1007]

285 d  Failure to adequately chill blood gas
specimens if not immediately analyzed will
allow glucose metabolism, which increases
carbon dioxide and lowers pH.
|Clarke 2008, p322)

286 d Glucose decreases at a rate of
5%-7% per hour in whole blood at reom
temperature. Glycolysis will continue until
the specimen is processed by centrifugation,
and serum and plasma is separated from the
cellular components of blood.
(Clarke 2006, pél
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2: Chemistry | Laboratory Mathematics

Answers

287 d The use of an incorrect tube type or
collection of a specimen at an inappropriate
time may also require specimen recollection.
[Clarke 2006, p8]

288 ¢ Creatinine clearance offers the highest
bhiy  sensitivity in monitoring glomerular
function of the tests listed.
|Clarke 2006, p312]

Laboratory Mathematics

289 ¢ pH=6.1+log(salt/acid). Salt = total
s carbon dioxide content - carbonic acid.

[Tietz 2008, p1002)

290 a 52 mg/dL = 0.52 mg/mL, Therefore
0.52 mg/mL x1136 mL = 591 mg.
[Tietz 2008, pS77|

291 a Creatinine clearance = (urine
creatinine x urine volume [mL/min]/serum
creatinine) x 1.73 / total body surface.
[Clarke 20006, p43|

292 a Creatinine clearance = (urine
creatinine x urine volume |mL/min]/serum
creatinine) x 1.73 / total body surface.
|Clarke 2006, p43]

293 ¢ In 1961, the enzyme commission

sy recommended the adoption of an
international unit (JU) of enzyme activity.
The [UJ was defined as the amount of enzyme
that would convert 1 pmol of substrate per
minute under standard conditions.
11U = umol/min.
|Kaplan 2003, p1044]

294 d pH = pK, + log([salt]/acid]); salt =

M. bicarbonate; acid = carbonic acid.

[Clarke 2006, p319|

295 b t=1.44xt% xIn{original activity /

Onry remaining activity); t¥% = half life.
|Clarke 2006, p42]

296 ¢ Absorbance = molar absorptivity

omy  coefficient x light path x concentration.
Therefore molar absorptivity = absorbarnce /
light path x concentration.

[Kaplan 2003, p38]

297 d Because the following relationship is
true, A = light stopped and T = light passed
through, A and T are inversely related. They
are also logarithmically related, because the
absorption of light is a logarithmic function.
|Campbell 1997, p212)

298

299

300

MILX
ONEY

301

MIN
ONLY

302

MILS
LY
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ONLY

304
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ONLY

305

ML
ONLY

d The Henderson-Hasselbalch
equation describes the derivation of pH
as a measure of acidity (using the acid
dissociation constant, pK,} in biological
and chemical systems.

|Clarke 2006, p319]

b Renal clearance tests are used to

assess kidney function. Renal clearance

of a substance is a rate measurement that
expresses the volume of blood cleared of
that substance (typically creatinine) per
unit of time. The unit for the clearance is
ml./ min. To calculate creatinine clearance,
the following information is required: Serum
concentration [$], urine concentration [U]
(Note: the serum and urine concentration
must be in the same units, for example,
mg/L or mg/dL), and volume of urine
excreted per minute (V) (volume of urine
collected divided by the time peried in
minutes}. The following formula can then be
used: clearance (uncorrected for body mass)
= U] = V/[S].

|Kaplan 2003, p41]

¢ Calculated osmolality (mOsm / kg) =

(2 x sodium |[mEq/L]|) + (glucose [mg/dL]/18)
+ (BUN [mg/dL]/ 2.8).

{Kaplan 2003, p267|

¢ Reciprocal of substrate concentration
that produces 1/2 the maximal velocity (K.,
is displayed as the intercept of the x-axis on
a Lineweaver-Burk transformation.

[Kaplan 2003, p1054|

d Creatinine clearance = {urine
creatinine x urine velume [mL/min]/serum
creatinine) x 1.73 / total body surface.
|Kaplas 2003, p-'ﬂ]

¢ Theurea / nitrogen factor is 2.14.
Therefore 28 mg/dL urea nitrogen =
60 mp/dL urea = 10 mEq/L urea.
|Kaplan 2003, p36]

¢ The urea/nitrogen factor is 2.14.
|Kaplan 2003, p36)

a The difference between the actual
osmolality commonly measured by freezing
point depression and the calculated
osmolality is referred to as the osmol gap.
Normally, the osmol gap is <10 mOsm/kg.
{Tietz 2006, p1292|
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1307
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309

313
314

315

¢ Given the values of bicarbonate,
carbonic acid, and the pK, the pH can be
easily calculated using the Henderson-
Hasselbalch equation. The Henderson-
Hasselbalch equation describes the
derivation of pH as a measure of acidity
(using the acid dissociation constant, pK,) in
biological and chemical systems.

[Kaplan 2003, p39|

Instrumentation

d  Other distractors are methods to detect
stray light.
[Kaplan 2003, p94]

d In calcium analysis by AAS, lanthanum
is added to bind with phosphate, thereby
preventing interference by the formation of
calcium phosphate.

[Bishop 2005, p98]

a  The electrolyte exclusion effect applies
only to indirect methods and is caused

by the solvent displacing effect of high
concentrations of lipid and protein in the
sample resulting in falsely decreased values.
| Tietz 2006, po87)

b Principles of adsorption and selectivity
in thin-layer chromatography.
[Kaplan 2003, p110|

¢ In practice, a positive screening result
for barbiturates obtained by immunoassay
is confirmed by gas chromatography/mass

spectrometry analysis of the urine specimen.

[Tietz 2006, p1327|

b Retention of an analyte on a reversed-
phase column depends on the relative
amounts of polar and nonpolar character
of the analyte. Retention on the reversed-
phase packing material is favored by
increased nonpolar content of the analyte,
whereas residence in the mobile phase
leading to early elution from the column
is favored by an increased content of polar
functionalities present on the analyte.
|Kaplan 2003, p137]

¢ Protein electrophoresis migration.
[Tietz 2006, pt28|

a  Separation of Hgb S from Hgb D.
[Tietz 2006, p1172]

¢ Protein electrophoresis pH.
[Tietz 2006, p584]
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a  Proteins are amphoteric substances; that
is, they contain acidic and basic groups.
Their overall {net) charge is highly positive at
low pH values, O at a particular higher pH, and
negative at still more alkaline pH values. At
a pH of 4.5, the positively charged proteins
will migrate toward the cathode in an
electrophoretic system.

{Kaplan 2003, p204|

b Occasionally, a split albumin zone is
observed in the rare benign genetically
relation condition of bisalbuminemia.
However, transient bisalbuminemia or a
grossly widened albumin zone could be due
to albumin-bound medications.

[Tietz 2006, p127|

d The C3 component of complement
migrates with beta-globulins

on electrophoresis.

[Tietz 2006, p567]

¢ PO, electrode.
[Tietz 2006, p104)

b The pH electrode, a glass electrode,
contains a specially designed thin piece of
glass as a membrane. The glass membrane
is made of silicon dioxide, added oxides and
various metals. The membrane is selectively
sensitive to hydrogen ions.

|Burtis 2001, p109|

a Coulometry is an electrochemical
technique used to measure the amount of
electricity passing between 2 electrodes in
an electrochemical cell. An application of
coulometry is the titration of chiloride with
silver ions generated by electrolysis from

a silver wire at the anode. Polarography

is also an electrochemical technique, but
measures current. Mass spectroscopy and
chromatography are separation techniques.
[Burtis 2001, p116]

a Coulometry is still used for chloride
determinations in body fluids, such as sweat.
However, chloride ion-selective electrodes
(ISE) are commonly used today.

[Bishop 2005, p564; Arneson 2007, p118|

a The reference pH electrode is often
constructed of Ag and AgCl.
[Bishop 2005, p102. [Arneson 2007, p304}

b The PO, electrode functions on
the amperometric principle, which the
measurement of electrical current at a
constant voltage (or potential).

[Bishwp 2005, p104. |Arneson 2007, p118]
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b pH, PCO,, and PO, are directly
measured by modern blood gas analyzers;
other parameters are calculated.

|Bishop 2005, p354. {Arneson 2007, p354)

b  The PCO, electrode is a self-contained
potentiometric cell. CO; gas from the
sample or calibration matrix diffuses
through the selective membrane and
dissolves in the internal electrolyte layer.
Carbonic acid is formed and dissociates,
shifting the pH of the bicarbonate solution
in the internal layer. This shift is related to
the carbon diexide in the sample.

{Tietz 2006, p99)

¢ Analyzers fitted with jon-selective
electrodes usually contain potassium
electrodes with liquid ion-exchange
membranes that incorporate valinomycin.
Valinomycin is a neutral carrier (ionophore)
that binds potassium in the center of a ring
of oxygen atoms.

|Clarke 2006, p100)

¢ PCO; electrode.
{Tietz 2006, p99)

d Total protein method.
[Tietz 2006, p5S87|

a Albumin method.
[Tietz 2006, p548]

d The total iron binding capacity (TI1BC)
is the amount of iron that transferrin and
other minor iron binding proteins are
capable of binding. In the measure of the
TIBC, the molecules are saturated with
iron {since they are only 30% saturated
normally). Magnesium carbonate is used to
remove the excess unbound by adsorption.
[Bishop 2005, p369]

a Most specific glucose method.
[Tietx 2006, pRE9]

b Other distractors are not glucose-
specific methods.
[Tietz 2006, p&70]

¢ Ascorbic acid interferes. This is
a limitation of the glucose oxidase
{peroxidase) reaction.

[Tietz 2006, pB70]

b Principle of the hexokinase method.
[Tietz 2006, p869|

336

337

338

339

340

341

342

343

d Atomic absorption spectrophotometry
(AAS) measures calcium by detecting its
atomic absorption by electromagnetic
radiation. One limitation of this method

is the nonspectral interference which
occurs when phosphates are present and

complex with calcium. The use of lanthanum

chloride with the method has prevented the
interference. Lanthanum chloride competes
for the phosphate.

|Burtis 2001, p73]

d Unconjugated bilirubin solvent.
| Tietz 2006, p1196]

d Other distractors are not bilirubin
methods.
|Bishop 2005, p482]

d  The diazo method of Malloy and Evelyn
involves bilirubin reacting with diazotized
sulfanilic acid to form azobilirubin.

{Burtis 2001, p603]

a In the Jendrassik-Grof method for
bilirubin measurement, the addition of
caffeine plus diazotized sulfanilic acid and
the serum produces azobilirubin. Ascorbic
acid, alkaline tartrate and dilute HCl are
added to the reaction mixture. The blue-
green azobilirubin is measured. Bilirubin
glucuronide, urobilin and urobilinogen are

intermediaries in bilirubin metabolism. They

are not measured by this method.
[Burtis 2001, p605]

¢ Azobilirubin is the chromophare
measured in the Jendrassik-Grof reaction.
Azobilirubin is formed by bilirubin in the
presence of diazotized-sulfanilic acid.

| Bishop 2005, p482. |Arneson 2007, p238|

a LDH chemical reaction.
| Tietz 2006, p601}

a Nicotinamide adenine dinucleotide

is the coenzyme system for the LD assay.
NADH is the reduced form and NAD is the
oxidized form. The coenzymes serve as a
substrate for dehydrogenases reactions.
ATP/ADP and Cu/Cu™ are not coenzymes,
Fe is an activator for enzymatic reactions.
[Burtis 2001, p364]
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344 ¢ In-the continuous monitoring method
of the measurement of LD activity, the
decrease in absorbance at each time interval
indicates that the product formed (substrate
converted) is constant up to 6 minutes.
After 6 minutes, the substrate concentration
is limited, and there is a decrease in the rate
of product formation as indicated by the lack
of linearity.

[Burtis 2001, p170)

345 a Competitive inhibitors bind at the

ity active site of enzymes and compete with the
substrate for binding sites.
|Kaplan 2003, p1057]

346 a  Reciprocal of the maximal velocity

ohry (Vinax) can be calculated and is displayed as
the intercept of the y-axis on a Lineweaver-
Burk transformation.

[Kaplan 2003, pi054]

347 d Alkaline phosphatase catalyzes the
hydrolysis of para-nitrophenyl phosphate,
forming phosphate and free 4-nitrophenyl
(4-npp) which, under aikaline conditions,
has a very intense yellow color. {FCC
recommended methods use 4-npp as
the substrate.
| Tietz 2006, pA09]

348 b In competitive inhibition, the binding of

onty the substrate is affected; thus, the apparent
K, will be higher while the V ,,,, remains
the same,

[Kaplan 2003, p1058|

349 a  Aldolase catalyzes the splitting of
fructose-1,6-diphosphate to glyceraldehyde-
3-phosphate and dihydroxyacetone
phosphate, an important reaction in the
glycolytic breakdown of glucose to lactate.
[Tietz 2006, p603|

350 b There are several enzymatic methods
for measuring serum triglyceride. The
first step of the coupled reactions involves
the hydrolysis of triglyceride by lipase to
produce glycerol and fatty acids. Glycerol is a
reactant in one of 2 enzymatic sequences for
the final measurement of triglycerides.
[Burtis 2001, p487]

351 b High-volume HDL method.
[Tietz 20086, p945]

352 d Chemiluminescent labels are based

on the emission of light produced during

a chemical reaction. These labels are very
useful because they grovide very low levels
of detection (2 x 102Y mol/L) with little or no
background interference.

|Clarke 20086, p122]

a Osmometry of serum and other

body fluids is commonly measured by
freezing-point depression, using a freezing
point osmometer.

[Bishop 2005, pp118-119; Arneson 2007, p120)

a  The osmolality of a solution does not
depend on the kind of particles but only on
the number of particles, therefore it is called
a colligative property.

|Kaplan 2003, p269|

a Transketolase is decreased in thiamin
deficiency. Low values of it have aiso been
found in chronic alcoholism,.

[Tietz 2006, p63 (]

¢ The “optical density Delta 450"
determination is a graphical calculation to
estimate the amount of bilirubin in amniotic
fluid. Bilirubin has a maximal absorbance

at 450nm.

|Clarke 2006, p43)
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' 3: Hematology | Erythrocytes: Physiology Questions

| Hematology |

The following items have been identified generally as appropriate for both entry level medical laboratory .
scientists and medical laboratory technicians. Items that are appropriate for medical laboratory scientists only (I
are marked with an “MLS ONLY." I '

145  Questions 210  Answers with Explanations | |

145 Erythrocytes: Physiclogy 211 Erythrocytes: Physiology | [ 4]
149 Erpthrocytes: Disease States 211 Erythrocytes: Disease States 1
155 Erythrocytes: Laboratory Determinations 213 Erythrocytes: Laboratory Determinations 11 I
166 Leukocytes; Physiology 215 Leukocytes: Physiology | | |
168 Leukocytes: Disease States 216 Leukocytes: Disease States |
178 Leukocytes: Laboratory Determinations 219 Leukocytes: Laboratory Determinations | !Il
187 Platelets: Physiology 220 Platelets: Physiology | |

188 Platelets: Disease States 221 Platelets: Discase States |

191 Platelets: Laboratory Determinations 222 Platelets: Laboratory Determinations |

194 Hemostasis 222 Hemostasis H

202 Hematology Laboratory Operations 226 Hematology Laboratory Operations | (0|

1  The light-colored zone adjacent to the nucleus in a plasmacyte is the:

ribosome

|
|
Erythrocytes: Physiology \
|

chromatin ‘
mitochondria ‘
|

v P

Golgi area |

2 The following are compounds formed in the synthesis of heme: 1
MLS o
ONLY 1 coproporphyrinogen |

2 porphobilinogen |
3 uroporphyrinogen N

4 protoporphyrinogen |

a 4,312
.3,
.2,
1

Which of the following responses lists these compounds in the order in which they are formed? \

3

="
[ERCNY ]
W Lo
s

»

3 The majority of the iron in an adult is found as a constituent of: |

hemoglobin

hemosiderin
myoglobin 4§
transferrin l (M

AN T

a regulate the level of 2,3-DPG
b provide reduced glutathione to prevent oxidation of hemoglobin - ?
c prevent the reduction of heme iron | I

d provide enerpy for membrane maintenance | I"
I 4l

"
4  The main function of the hexose monophosphate shunt in the erythrocyte is to: i _

fi |
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Questions

5

146

Refer to the following illustration:

7]

Ry — «B

o 40

8 & 30-

86 207

g & 10-

) 0 T | — |— = T' }I
o -6 -3 bith 3 6
ES (Months)

Which curve represents the production of alpha polypeptide chains of hemoglobin?
a A
b B
c C
d D

Refer to the following illustration:

present

% Polypeptide chains

(Months})

Which curve represents the production of beta polypeptide chains of hemoglobin?
a B

b C
¢ E
dD
Refer to the following illustration:
2}
£
]
<
3]
-1
]
[~ 0]
§5.
s 0 — =
a -6 -3 bith 3 6
S (Months)

Which curve represents the production of gamma polypeptide chains of hemoglobin?
a A

WL
onNnw
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8  Refer to the following illustration:
@ :
8 50D xB
5] _ 40_ ' i
5 § 30-
'%g 20
_&Q 10+ _ f
s 0 =
e 6 -3 bith 3 6
= (Months)

10

11

12

MIs
UNLY

Which curve represents the production of delta polypeptide chains of hemoglobin?
aB
b C
¢ D
d E

Refer to the following illustration:

50-he?

present

6 -3 bith 3 6
{Months)

% Polypeptide chains

Which curve represents the proeduction of epsilon polypeptide chains of hemoglobin?

a A
b B
c C
d D

In order for hemoglobin to combine reversibly with oxygen, the iron must be:

a complexed with haptoglobin

b freely circulating in the cytoplasm
¢ attached to transferrin

d in the ferrous state

In which of the following disease states are teardrop cells and abnormal platelets most
characteristically seen?

a hemolytic anemia
b multiple myeloma
¢ G-6-PD deficiency
d myeloid metaplasia

The characteristic erythrocyte found in pernicious anemia is:
microcytic

spherocytic

hypochromic

macrocytic

AN o'
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13 In the normal adult, the spleen acts as a site for:

storage of red blood cells
production of red blood cells
synthesis of erythropoietin

removal of imperfect and aging cells

B T

14  After the removal of red blood cells from the circulation hemoglobin is broken down into:

a iron, porphyrin, and amino acids

b iron, protoporphyrin, and globin

¢ heme, protoporphyrin, and amino acids
d heme, hemosiderin, and globin

15 Heinz bodies are:

a readily identified with polychrome stains

b rarely found in glucose-6-phosphate dehydrogenase deficient erythrocytes
¢ closely associated with spherocytes

d denatured hemoglobin inclusions that are readily removed by the spleen

16 Hemolysis in paroxysmal nocturnal hemoglobinuria (PNH) is:
MIS
UMY a temperature-dependent
complement-independent
antibody-mediated

caused by a red cell membrane defect

A e

17  Cells for the transport of O, and CO; are:

a erythrocytes
b granulocytes
¢ lymphocytes
d thrombocytes

18 Erythropoietin acts to:

a shorten the replication time of the granulocytes

b stimulate RNA synthesis of erythroid cells

¢ increase colony-stimulating factors produced by the B-lymphocytes
d decrease the release of marrow reticulocytes

19 What cell shape is most commonly associated with an increased MCHC?

teardrop cells
target cells
spherocytes
sickle cells

[- "SI - ]

=

20  Which of the following is most closely associated with idiopathic hemochromatosis?
MLS
ONLY iron overload in tissue
target cells

basophilic stippling
ringed sideroblasts

Bt TN
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Erythrocytes: Disease States

21

MLS
ONLY

22

ML3
ONLY

23
MLS
ONLY

24

MIS
ONLY

25

MIN
ONLY

26

MLS
OMNLY

27

A patient with polycythemia vera who is treated by phlebotomy is most likely to develop a
deficiency of:

a iron

b vitamin By,

¢ folic acid

d erythropoietin

The direct antiglobulin test is often positive in:

a congenital hemolytic spherocytosis
b march hemoglobinuria

¢ acquired hemolytic anemia

d thalassemia major

The anemia of chronic infection is characterized by:

a decreased iron stores in the reticuloendothelial system
b decreased serum iron levels

¢ macrocytic erythrocytes

d increased serum iron binding capacity

Factors commonly involved in producing anemia in patients with chronic renal disease include:

marrow hypoplasia

inadequate erythropoiesis

vitamin By, deficiency

increased erythropoietin production

- TR~ ol

A 20-year-old woman with sickle cell anemia whose usual hemoglobin concentration is 8 g/dL
(80 g/L) develops fever, increased weakness and malaise. The hemoglobin concentration is 4 g/dL
(40 g/L) and the reticulocyte count is 0.1%. The most likely explanation for her clinical picture is:

a increased hemolysis due to hypersplenism
b aplastic crisis

¢ thrombotic crisis

@ occult blood loss

The hypoproliferative red cell population in the bone marrow of uremic patients is caused by:

a infiltration of bone marrow by toxic waste products

b decreased levels of circulating erythropoietin

¢ defective globin synthesis

d overcrowding of bone marrow space by increased myeloid precursors

Which of the following characteristics are common to hereditary spherocytosis, hereditary
elliptocytosis, hereditary stomatocytosis, and paroxysmal nocturnal hemoglobinuria?

autosomal dominant inheritance
red cell membrane defects
positive direct antigiobulin test
measured platelet count

AN OB
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28 A 89-year-old Caucasian female was transferred to the hospital from a nursing facility for
s treatment of chrenic urinary tract infection with proteinuria. The patient presented with the
following laboratory data:

WBC: 10.0 x 10%/pL (30.0x 109%/L)
RBC: 3.1 x 108/l (3.1 x 104/
Hgb: 7.2 g/dL (72 g/l)

Hgt: 24%

MCV: 78 pm?3 (78 L)

MCH: 23 pg

MCHC: 3%

serum iron: 29 pg/dL (5.2 pmol/L)
TiBC: 160 pg/dL (28.6 pmol/L)

serum ferritin: 100 ng/mL (100 pg/L)

These data are most consistent with which of the following conditions?

a iron deficiency anemia

b anemia of chronic inflammation
¢ hemochromatosis

d acute bloed loss

29 A patient is admitted with a history of chronic bleeding secondary to peptic ulcer. Hematology
workup reveals a severe microcytic, hypochromic anemia. {ron studies were requested. Which of
the following would be expected in this case?

Serum iron TIBC Storage iron
rasult A decreased increased increased
result B increased decreased increased
result C decreased increased decreased
result D increased normal decreased

a result A
b result B
¢ result C
d result D

30 Which of the following is moest closely associated with iron deficiency anemia?

a iron overload in tissue
b target cells

¢ basophilic stippling

d chronic bloed loss

31 Which one of the following hypochromic anemias is usually associated with a normal free
MLS

ony erythrocyte protoporphyrin level?
a anemia of chronic disease
b iron deficiency
¢ lead poisoning
d thalassemia minor

32 Evidence indicates that the genetic defect in thalassemia usually results in:

the production of abnormal globin chains

a quantitative deficiency in RNA resulting in decreased globin chain production
a structural change in the heme portion of the hemoglobin

an abnormality in the alpha- or beta-chain binding or affinity

RN TN

150 The Board of Certification Study Guide

ot




-3

s — 1 R

"f;'-'!?_t__h-“_-___ =

e g

3: Hematology | Erythrocytes: Disease States

Questions
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34
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ONLY

35
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37
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39
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ONLY

40

A 20-year-old African-American man has peripheral blood changes suggesting thalassemia minor.
The quantitative hemoglobin A; level is normal, but the bemoglobin F level is 5% (normal <2%).

This is most consistent with:

a alpha thalassemia minor

b beta thalassernia minor

¢ delta-beta thalassemia minor

d hereditary persistence of fetal hemoglobin

Anemia secondary to uremia characteristically is:

a microcytic, hypochromic

b hemolytic

€ normocytic, normochromic
d macrocytic

Which of the foliowing sets of laboratory findings is consistent with hemolytic anemia?

a normal or slightly increased erythrocyte survival; normal osmotic fragility
b decreased erythrocyte survival; increased catabolism of heme

¢ decreased serum lactate dehydrogenase activity; normal catabolism of heme
d normal concentration of haptoglobin; marked hemoglobinuria

An enzyme deficiency associated with a moderate to severe hemolytic anemia after the patient
is exposed to certain drugs and characterized by red cell inclusions formed by denatured
hemoglobin is:

a lactate dehydrogenase deficiency
b G-6-PD deficiency

¢ pyruvate kinase deficiency

d hexokinase deficiency

Patients with A(-) type G-6-PD deficiency are least likely to have hemolytic episodes in which of
the following situations?

a following the administration of oxidizing drugs
b following the ingestion of fava beans

¢ during infections

d spontaneously

A patient has a congenital nonspherocytic hemolytic anemia. After exposure to anti-malarial
drugs the patient experiences a severe hemolytic episode. This episode is characterized by red
cell inclusions caused by hemoglobin denaturation. Which of the following conditions is most
consistent with these findings?

a G-6-PD deficiency

b thalassemia major

¢ pyruvate kinase deficiency

d paroxysmal nocturnal hemoglobinuria

All of the findings listed below may be seen in acquired hemolytic anemias of the autoimmune
variety. The one considered to be the most characteristic is:

a increased osmotic fragility

b leukopenia and thrombocytopenia
¢ peripheral spherocytosis

d positive direct antiglobulin test

Peripheral blood smears from patients with untreated pernicious anemia are characterized by:

a pancytopenia and macrocytosis
b leukocytosis and elliptocytosis
¢ leukocytosis and ovalocytosis
d pancytopenia and microcytosis
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_—
41 Laboratory tests performed on a patient indicate macrocytosis, anermia, leukopenia and

thrombocytopenia. Which of the following disorders is the patient most likely to have?

W

a anemia of chronic disorder
b vitamin B, deficiency
¢ iron deficiency
d acute hemorrhage
42 A patient has the following laboratory data:
ONY  RBC: 2.35x 108/uL {2.35x 10"/}
WBC: 3.0x 109/l (3.0 x 10%/L)
Pit: 95.0x 103/uL. (95.0 x 10%/L)
Hgb: 9.5 g/dL (95 g/U)
Hct: 27%
MCV:  1M5um3 (1151
MCHC: 35%
MCH;: 40 pg

Which of the following tests would contribute toward the diagnosis?

a reticulocyte count

b platelet factor 3

¢ serum By, and folate

d leukocyte alkaline phosphatase

43 The characteristic morphologic feature in folic acid deficiency is:

a macrocytosis

b target cells

¢ basophilic stippling
d rouleaux formation

44 A 50-year-old patient was found to have the following lab results:
MIs

ONLY Hgb: 7.0 g/dL {70 g/L)
Hct:  20%
RBC: 2.0x108/uL (2.0x 10%2/1)

[t was determined that the patient was suffering from pernicious anemia. Which of the following
sets of results most likely was obtained from the same patient?

WBCs Platelets Reticulocytes
result A 17,500 350,000 5.2%
result B 7,500 80,000 4.1%
result C 5,000 425,000 2.9%
rasult D 3,500 80,000 0.8%
a result A
b resultB
¢ result C
d result D

45 The most likely cause of the macrocytosis that often accompanies anemia of myelofibrosis is:

a folic acid deficiency

b increased reticulocyte count
i ¢ inadequate B,; absorption
d pyridoxine deficiency

! ot 46  Megaloblastic asynchronous development in the bone marrow indicates which one of
| omy the following?

——

; a proliferation of erythrocyte precursors
1§ b impaired synthesis of DNA

{ ¢ inadequate production of erythropoietin
d deficiency of G-6-PD
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47 Which of the following are found in association with megaloblastic anemia?
MLS
ONLY 5 peutropenia and thrombocytopenia
b decreased LD activity
¢ increased erythrocyte folate levels
d decreased plasma bilirubin levels
48 Which of the following represents characteristic features of iron metabolism in patients with
anemia of a chronic disorder?
Serum iron Transferrin saturation TIBC
result A normal normal normal
result B increased increased normal or slightly Increased
result C normal markedly increased normal
result D decreased decreased normal or decreased
a result A
b result B
¢ result C
d resultD
49 A characteristic morphologic feature in hemoglobin C disease is:
a macrocytosis
b spherocytosis
¢ rouleaux formation
d target cells
50 Thalassemias are characterized by:
a structural abnormalities in the hemoglobin molecule
b absence of iron in hemoglobin
¢ decreased rate of heme synthesis
d decreased rate of globin synthesis
51 A patient has the following blood values:
MLS
ONLY RBC: 6.5 x 105/l (6.5 = 10'2/L)
Hgb:  13.0 g/dlL (130 g/L)
Hot: 39.0%
MCV: 65 pm3 {65 f)
MCH:  21.5pg
MCHGC: 33%
These results are compatible with:
a iron deficiency
b pregnancy
¢ thalassemia minor
d beta thalassemia major
52 Laboratory findings in hereditary spherocytosis do not include:
a decreased osmotic fragility
b increased autohemolysis corrected by glucose
¢ reticulocytosis
d shortened erythrocyte survival
53

Which of the following types of polycythemia is a severely burned patient most likely to have?

a polycythernia vera

b polycythemia, secondary to hypoxia

¢ relative polycythemia associated with dehydration
d polycythemia associated with renal disease
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ONLY

61
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ONLY
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Which of the following is most likely to be seen in lead poisoning? -
a iron overload in tissue

b codocytes

¢ basophilic stippling

d ringed sideroblasts

Giant, vacuolated, multinucleated erythroid precursors are present in which of the following?

chronic myelocytic leukemia
myelofibrosis with myeloid metaplasia
erythroleukemia

acute myelocytic leukemia

|-V oI - o

Which of the following is a significant feature of erythroleukemia/acute erythroid leukemia
(DiGuglielmo syndrome)?

a persistently increased M:E ratio
b megaloblastoid erythropoiesis
¢ marked thrombocytosis

d decreased ferritin levels

The M:E ratio in erythroleukemia is usually:

a normal
b high
¢ low
d variable

The characteristic morphologic feature in lead poisoning is:

a macrocytosis

b target cells {codocytes)
¢ basophilic stippling

d rouleaux formation

Which of the following is increased in erythrocytosis secondary to a congenital heart defect?

a arterial oxygen saturation

b serum vitamin By,

¢ leukocyte alkaline phosphatase activity
d erythropoietin

A 40-year-old man had an erythrocyte count of 2.5 x 108/uL (2.5 x 10'2/L), hematocrit of 22% and
a reticulocyte count of 2.0%. Which of the following statements best describes his condition?

a the absolute reticulocyte count is 50 x 103/uL (50 x 109/L), indicating that the bone marrow is
not adequately compensating for the anemia

b the reticulocyte count is greatly increased, indicating an adequate bone marrow response for
this anemia

¢ the absolute reticulocyte count s 500 x 10%/pL (500 x 10%/L1), indicating that the bone marrow
is adequately compensating for the anemia

d the reticulocyte count is slightly increased, indicating an adequate response to the
slight anemia

Which of the following is characteristic of polycythemia vera?

elevated urine erythropoietin levels
increased oxygen affinity of hemoglobin
“teardrop” poikilocytosis

decreased or absent bone marrow iron stores

<P - o

Tha Board of Cartification Study Guide

T —

(2200 = = B 7™ |



T B

B e

T e =

3: Hematology | Erythrocytes: Laboratory Determinations Questions

Erythrocytes: Laboratory Determinations

62 A 14-year-old boy is seen in the ER complaining of a sore throat, swollen glands and fatigue.
The CBC results are:
WBC:  16.0x 10%/uL (16.0x 10%/L)
RBC: 4.37 x 108/pL (4.37 x 10'2/L)
Mgb:  12.8 g/dL (128 g/L}

Het: 38.4%

Pt 180x103/uL (180!109/5_)

Differential:
absolute neutrophils: 3.09x10%L
absolute lymphs: 6.0x 10%/L
absolute monos: 0.5 %108/

absolute atypical lymphs: 3.2 x 10%/L

What is the most likely diagnosis?

a acute lymphocytic leukemia
b chronic lymphocytic leukemia
¢ viral hepatitis

d infectious mononucleosis

63  Which of the following technical factors will cause a decreased erythrocyte sedimentation rate?

a gross hemolysis

b small fibrin clots in the sample
¢ increased room temperature

d tilting of the tube

64 Which of the RBC indices is a measure of the amount of hemoglobin in individual red blood cells?

a MCHC
b MCV
¢ Hct
d MCH

65 The RDW-CV and RDW-SD performed by automated cells counters are calculations that provide:

an index of the distribution of RBC volumes

a calculated mean RBC hemoglobin concentration
a calculated mean cell hemoglobin

the mean RBC volume

AN o

66 The erythrocyte sedimentation rate (ESR) can be falsely elevated by:

tilting the tube
refrigerated blood

air bubbles in the column
specimen being too old

[- PR - o

67 A Wright-stained peripheral smear reveals the following:
MLS
ONLY Erythrocytes enlarged 1¥2x to 2x normal size

Schiffner dots

Parasites with irregular “spread-out” trophozolites, golden-brown pigment
12 - 24 merozoites

Wide range of stages

This is consistent with Plasmodium:

a falciparum
b malariae
< ovale

d vivax
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68 Which of the following is the formula for absolute cell count?

a number of cells counted/total count
b total count/number of cells counted
¢ 10xtotal count

d % of cells counted x total count

69  Using a supra vital stain, the polychromatic red blood cells below would probably be:
L ? (@] o © of B

I ) i

°@i Cop
.0 &g, 0 > YU
& . Voo

®0 08 @ -

O -
- N »
rubricytes (polychromatophilic normoblast)
reticulocytes

sickle cells
target cells

b .
|0

AN oW

70 'The laboratory tests performed on a patient indicate macrocytosis, anemia, leukopenia and
thrombocytopenia. Which of the following disorders is the patient most likely to have?

a iron deficiency

b hereditary spherocytosis
¢ vitamin B, deficiency

d acute hemorrhage

71 The mean value of a reticulocyte count on specimens of cord blood from healthy, full-term
newborns is approximately:

a 0.5%
b 2.0%
c 5.0%
d 8.0%

72 Aredblood cell about 5 pm in diameter that stains bright red and shows no central pallor is a:

a spherocyte
b leptocyte

€ microcyte
d macrocyte

73 The following results were obtained on a patient’s blood:
Hgb:  11.5 g/dL (115 g/L)

| Hct: 40%
i MCV: 89 um? (89 fL)
15 MCH:  26pg
Rl MCHC: 29%

Examination of a Wright-stained smear of the same sample would most tikely show:

macrocytic, normochromic erythrocytes
microcytic, hypochromic erythrocytes
normocytic, hypochromic erythrocytes
normocytic, normochromic erythrocytes

=PRI - o ]
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74

75

76

77

78

79

80

Evidence of active red cell regeneration may be indicated on a blood smear by:

a basophilic stippling, nucleated red blood cells and polychromasia
b hypochromia, macrocytes and nucleated red blood cells

¢ hypochromia, basophilic stippling and nucleated red blood cells
d Howell-Jolly bodies, Cabot rings and basophilic stippling

The smear represented below displays:

Sg

a congenital ovalocytosis

b hemoglobin C disease

¢ poor RBC fixation

d delay in smear preparation

The presence of excessive rouleaux formation on a blood smear is often accompanied by
an increased:

reticulocyte count
sedimentation rate
hematocrit
erythrocyte count

- VR - ol ]

‘The characteristic peripheral bloed morpholegic feature in multiple myeloma is:

a cytotoxic T cells
b rouleaux formation
¢ spherocytosis

d macrocytosis

In polycythemia vera, the hemoglobin, hematocrit, red blood cell count and red cell mass are:

a clevated
b normal.
¢ decreased

The M:E ratio in polycythemia vera is usually:

a normal
b high
c low
d variable

Many microspheracytes, schistocytes and budding off of spherocytes can be seen on peripheral
blood smears of patients with:

a hereditary spherocytosis

b disseminated intravascular coagulation {DIC)
€ acquired autoimmune hemolytic anemia

d extensive burns
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ringed sideroblasts, nuclear budding and Howell-Jolly bodies
disseminated intravascular coagulation

micromegakaryocytes _
lysozymuria )

81 Which of the following is most closely associated with erythroleukemia? S e i

=PRI - ol

82 The most characteristic peripheral blood smear finding in multiple myeloma is:

a plasmacytic satellitosis in the bone marrow I:l I
b many plasma cells in the peripheral blood !
¢ many Mott cells in the peripheral blood I
d rouleaux formation of the red cells i |
83 The values below were obtained on an automated blood count system performed on a blood W l ‘
sample from a 25-year-old man: a-
Patient Normal L
WBC 5.1 x 10%/pl 5.0-10.0x 10%/L,
(5.1x 109/1) (5.0-10.0% 10%L)
RBC 2.94x 1089/l 4.6-8.2x 10%L
(2.94x 102/ (4.6-8.2x10'2/L) :
Hgb 13.8 g/dl. (138 /L) 14-18 g/dL (140- 180 g/L)
Hct 35.4% 40%-54%
MCV 128 um3 (128 L) 82-90 pm? (82-90 fL) I
MCH  48.7 pg 27-31pg .
MCHGC  40% 32%-36%
These results are most consistent with which of the following?
a megaloblastic anemia i

b hereditary spherocytosis
¢ a high titer of cold agglutinins
d an elevated reticulocyte count

84 A 56-year-old man was admitted to the hospital for treatment of a bleeding ulcer. The following
onty laboratory data were obtained:

RBC: 4.2 x 108/l (4.2 x 10'2/L) |
WBC: 5.0x TOalpL (5.0x 10%/L) I"
Hct: 30%

Hgb: 8.5 g/dL {85 g/L) ‘I
serum iron: 40 pg/dL (7.2 pmol/L)

TIBC: 460 Lg/dL (82.3 pmol/L)

sarum ferritin: 12 ng/mL (12 pug/L)

Examination of the bone marrow revealed the absence of iron stores. This data is most consistent
with which of the following conditions?

a iron deficiency anemia

b anemia of chronic disease

¢ hemochromatosis

d acute blood loss
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85 A 40-year-old Caucasian male was admitted to the hospital for treatment of anemia, lassitude,

g oy weight loss, and loss of libido. The patient presented with the following laboratory data:

WBC: 5.8x10%pL (5.8 x 109/L)
RBC: 3.7 x108/uL (3.7 x 102/1)
Hgb: 10.0 g/dL (100 g/L)
Hct: 2%
MCV: 86 um?3 (86 fL)
MCH: 26 pg
MCHC: 32%
sarum iron: 220 pg/dL (39.4 pmol/L)
TIBC: 300 pg/dL (63.7 pmol/l)

' serum ferriting 2,800 ng/mL (2,800 pg/L)

Examination of the bone marrow revealed erythroid hyperplasia with a shift to the left of
erythroid precursors. Prussian blue staining revealed markedly elevated iron stores noted with
occasional sideroblasts seen. This data is most consistent with which of the following conditions?
a iron deficiency anemia

b anemia of chronic disease

¢ hemochromatosis

d acute blood loss

86 A common source of interference in the cyanmethemoglobin method is:

a hemolysis

b very high WBC count

¢ cold agglutinins

d clumped platelets
87 A patient with beta-thalassemia characteristically has a{n):
MILS
ONLY

a elevated A; hemoglobin
b low fetal hemoglobin

¢ high serum iron

d normal red cell fragility

88 With this blood picture, an additional test indicated is:

o
Is

®

DI
\ﬂ@ n@

a alkali denaturation

b alkaline phosphatase stain
<

d

peroxidase stain !
hemoglobin electrophoresis '

89  The most appropriate screening test for detecting hemoglobin F is:

a osmotic fragility
b dithionite solubility
¢ Kleihauer-Betke
d heat instability test
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The most appropriate screening test for hemoglobin § is:

a Kleihauer-Betke

b dithionite solubility
¢ osmotic fragility

d sucrose hemolysis

Hematology standards include:

a stabilized red blood cell suspension

b latex particles

¢ stabilized avian red blood cells

d certified cyanmethemoglobin solution

In an adult with rare homozygous delta-beta thalassemia, the hemoglobin produced is;

a HgbA
b Hgb Bart
¢ HgbF
d HgbH

Which of the following is not a characteristic of hemoglobin H?

a it is a tetramer of beta chains

b it is relatively unstable and thermolabile

c electrophoretically, it represents a “fast” hemoglobin
d its oxygen affinity is lower than that of hemoglobin A

In most cases of hereditary persistence of fetal hemoglobin (HPFH):

a hemoglobin F is unevenly distributed throughout the erythrocytes
b the black heterozygote has 75% hemoglobin F

¢ beta and gamma chain synthesis is decreased

d gamma chain production equals alpha chain production

Hemoglobin H disease results from:

absence of 3 of 4 alpha genes
absence of 2 of 4 alpha genes
absence of 1 of 1 alpha genes
absence of all 4 alpha genes

-SRI - ]

When using the turbidity (solubility) method for detecting the presence of hemoglobin S, an
incorrect interpretation may be made when there is a(n):

a concentration of less than 7 g/dL (70 g/L) hemoglobin

b glucose concentration greater than 150 mg/dL (8.3 mmol/L)
¢ blood specimen greater than 2 hours old

d increased hemoglobin
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97 Refer to the following pattern:

98

99

MLS
QONLY

100

+
[ ] B | pattern A

I [

¥ | ]| pattern B
| ] mEm8 | pattern C
| [ | @ | pattern D

| [ B B 8 |control
origin A, S F A

Hemoglobin electrophoresis patterns at pH 8.4
(celivlose acetate strip)

Which pattern is consistent with beta-thalassemia major?

a pattern A
b pattern B
¢ pattern C
d pattern D

Refer to the following illustration:

- +
| | [ | @8 | pattern A
| | e B pattern B
| | BBk | pattern C
| - B pattern D
i ] 2 B B | control

origin A, S F A

Hemoglobin electrophoresis patterns at pH 8.4
(cellulose acetate strip)

Which electrophoresis pattern is consistent with sickle cell trait?

a pattern A
b pattern B
¢ patternC
d pattern D

A native of Thailand has a normal hemoglobin level. Hemoglobin electrophoresis on cellulose
acetate shows 70% hemoglobin A and approximately 30% of a hemoglobin with the mobility of
hemoglobin A. This is most consistent with hemoglobin:

a Ctrait

b E trait

¢ O trait

d D trait

The laboratory findings on a patient are as follows:
MCV:  55pm? {55 L)
MCHC: 25%
MCH: 17 pg

A stained blood film of this patient would most likely reveal a red cell picture that is:

microcytic, hypochromic
macrocytic, hypochromic
normocytic, normochromic
microcytic, normochromic

Bn T
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—

101 A patient has the following laboratory results:

102

103

104

105

162

RBC: 2.00x 108/l (2.00x10'2/L)
Het: 24%

Hgb: 6.8 g/dL (68 g/1)
raticulocytes: 0.8%

The mean corpuscular volume (MCV) of the patient is:
a  35um?(35fL)

b 83 um3(83fL)

€ 120 um3 (120 fL)

d 150 um? (150 fL)

The following results were obtained from a post-surgical patient receiving total
parenteral nutrition:

Hospital day 17 18 19
Hgb 12.1 g/l (121 /L) 11.6 g/dL (116 g/L) 9.4 g/dl (94 g/L)
Het 29.2% 29.4% 28.8%

The most consistent explanation for the above data is:

a acute surgical bleeder

b specimen on day 19 from wrong patient
¢ improperly mixed specimen on day 19
d lipid interference on days 17 and 18

A patient has a high cold agglutinin titer. Automated cell counter results reveal an elevat_ed MCV,
MCH and MCHC. Individual erythrocytes appear normal on a stained smear, but agglutinates are
noted. The appropriate course of action would be to:

a perform the RBC, Hgb, and Hct determinations using manual methods

b perform the RBC determination by a manual method; use the automated results for the Hgb
and Hct ‘

¢ repeat the determinations using a microsample of diluted blood'

d repeat the determinations using a prewarmed microsample of diluted blood

A blood sample from a patient with a high-titer cold agglutinin, analyzed at room temperature,
with an electronic particle counter would cause an error in the:

a Hgband MCV
b MCHC and WBC
¢ WBCand RBC
d MCV and MCHC

When using an electronic cell counter, which of the following results can occur in the presence of a
cold agglutinin?

a increased MCV and decreased RBC

b increased MCV and normal RBC

¢ decreased MCV and increased MCHC
d decreased MCV and RBC

The Board of Certification $tudy Guide
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106

107

108

109

110

111

112

113

In polycythemia vera, the leukocyte alkaline phosphatase activity is:

a elevated
b normal
¢ decreased

Which of the following is the formula for mean corpuscular hemoglobin (MCH)?

a Het/(RBCx 1000)
b Hgb/Hct

¢ RBC/Hct

d (Hgbx10)/RBC

What is the MCH if the Hct is 20%, the RBC is 2.4 x 108/pL (2.4 x 10’%/L) and the Hgb is
5g/dL (50 g/L)?

a 21 um? (21 fL)
b 23 um? (23 fL)
c 25 um?(25fL)
d 84 pm? (84 fL)

What is the MCH if the Hct is 20%, the RBC is 1.5x 10%/uL (1.5x10*%/L) and the Hgb is
6 g/ dL (60 g/L)?

a 28 um3(28fL)
b 30 um? (30 fL)
¢ 40 um? (40 fL)
d 75 um? (75 f1)

Which of the following is the formula for MCHC?

a (Hgbx100)/Hct
b Hgb/RBC
¢ RBC/Hct
d (Hctx1000)/RBC

What is the MCHC if the Het is 20%, the RBC is 2.4 x 10%/uL (2.4 x 10'?/L) and the
Hgb is 5 g/dL (50 g/L)?

a 21%
b 25%
¢ 30%
d 34%

What is the MCHC if the Het is 20%, the RBC is 1.5 x 105/uL (1.5 x 107%/L) and the
Hgb is 6 g/dL (60 g/L}?

a 28%
b 30%
c 40%
d 75%

Which of the following is the formula for mean corpuscular volume (MCV)?

(Hgb  10)/RBC
Hgb/Hct
(Het x 10)/RBC
RBC/Hct

Lh o'
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114

115

116

117

118

119

120
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164

Given the following data:
Hgb: 8 g/dL {80 g/L)

Hct: 28%
RBC: 3.6 106/uL (3.6x10%/L)
The MCV is:

a 28 um®(28 fL)
b 35 pm3 (35 fL)
c 40 pm3 (40 fL)
d 77 um3 (77 fL)

What is the MCV if the hematocrit is 20%, the RBC is 2.4 x 108/uL (2.4 x 10'2/L) and
the hemoglobin is 5 g/dL (50 g/L)?

a 68pg
b 83pg
¢ 100pg
d 120pg

What is the MCV if the hematocrit is 20%, the RBC is 1.5 x 105/pL (1.5 x 10'%/L) and the
hemoglobin is 6 g/dL (60 g/L)? '

68 pg
75 pg
115pg
133 pg

Bh e

The principle confirmatory test for hereditary spherocytosis is:

osmotic fragility
sucrose hemolysis
heat instability test
Kleihauer-Betke

B f T

A screening test for paroxysmal nocturnal hemoglobinuria is:

a heat instability test
b sucrose hemolysis
¢ osmotic fragility
d dithionite solubility

The Prussian blue staining of peripheral blocd identifies:

a Howell-Jolly bodies
b siderotic granules
¢ reticulocytes

d basophilic stippling

Supravital staining is important for reticulocytes since the cells must be living in order to
stain the:

a remaining RNA in the cell
b iron before it precipitates
¢ cell membrane before it dries out
d denatured hemoglobin in the cell

Which of the following is used for staining reticulocytes?

a Giemsa stain
b Wright stain
¢ new methylene blue
d Prussian blue

The Board of Certification Study Gaide
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122

123

124

125

Which of the following stains is used to demonstrate iron, ferritin and herosiderin?

a peroxidase

b Sudan black B

¢ periodic acid-Schiff (PAS)
d Prussian blue

Which of the following stains can be used to differentiate siderotic granules
(Pappenheimer bodies) from basophilic stippling?

a Wright
b Prussian blue

¢ crystal viclet
d periodic acid-Schiff

A patient has pancytopenia, decreased total serum iron, decreased serum iron binding capacity,
and shows a homogeneous fluorescence pattern with a high titer on a fluorescent anti-nuclear
antibody test. This is suggestive of:

a polycythemia vera
b systemic lupus erythematosus
¢ iron deficiency anernia

d hemoglobin SC disease

In an uncomplicated case of severe iron deficiency anemia, which of the following sets represents
the typical pattern of results?
Serum Marrow Marrow Serum
Serum iron TIBC 9% Saturation % sideroblasts iron stores ferritin  Hgb A,

A 1 1 1 1 T ) T

B 1 1 1 1 ! i 1

C ! T 1) ! 1 1 {

D { 1 T T T ) T

increased = T decreased = {
A

[-PREL - o ]

B
C
D
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Leukocytes: Physiology

126

127

128

129

130
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166

Inclusions in the cytoplasm of neutrophils as shown in the figure below are known as:

a Auer bodies
b Howell-Jolly bodies
¢ Heinz bodies
d Déhle bodies

An increased amount of cytoplasmic basophilia in a blood cell indicates:

a increased cytoplasmic maturation
b decreased cytoplasmic maturation
¢ reduction in size of the cell

d decreased nuclear maturation

The term “shift to the left” refers to:

a a microscope adjustment

b immature cell forms in the peripheral blood
¢ atrend on a Levy-Jennings chart

d a calibration adjustment on an instrument

A term that means varying degrees of leukocytosis with a shift to the left and occasional
nucleated red cells in the peripheral blood is:

a polycythemia vera

b erythroleukemia

¢ leukoerythroblastosis
d megaloblastoid

Cells that produce antibodies and lymphokines are:

a erythrocytes
b granulocytes
¢ lymphocytes
d thrombacytes

The peripheral blood monocyte is an intermediate stage in the formation of the:

a plasmacyte
b osteoclast
¢ fbroblast
d hairy cell

Specific (secondary) granules of the neutrephilic granulocyte:

appear first at the myelocyte stage

contain lysosomal enzymes

are formed on the mitochondria

are derived from azurophil (primary) granules

B T
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133 In normal adult bone marrow, the most common granulocyte is the:

a basophil

b myeloblast

¢ eosinophil

d metamyelocyte

134 Elevation of the total granulocyte count above 7.7 x 103/uL (7.7 x 10%/1) is termed:

a relative lymphocytosis

b leukocytosis

€ relative neutrophilic leukocytosis
d abselute neutrophilic leukocytosis

135 Elevation of the total white cell count above 12 x 10%/uL (12 x 10°/L) is termed:

relative lymphocytosis

absolute lymphocytosis
leukocytosis

relative neutrophilic leukocytosis

AMNDTSE

136 Elevation of the granulocyte percentage above 75% is termed:

a absolute lymphocytosis

b leukocytosis

¢ relative neutrophilic leukocytosis
d absolute neutrophilic leukocytosis

137 Elevation of the lymphocyte percentage above 47% is termed:

a relative lymphocytosis

b absolute lymphocytosis

¢ leukocytosis

d absolute neutrophilic leukocytosis

138 Terminal deoxynucleotidy] transferase {TdT) is a marker found on:

a hairy cells

b myeloblasts
¢ monoblasts
d lymphoblasts

139 Multipotent stem cells are capable of producing:

a daughter cells of only one cell line

b only T-lymphocytes and B-lymphocytes

¢ erythropoietin, thrombopoietin, and leukopoietin
d lymphoid and myeloid stem cells

140 The Philadelphia chromosome is formed by a translocation between the:

a long arm of chromosome 22 and long arm of chromosome 9
b long arm of chromosome 21 and long arm of chromosome 9
¢ long arm of chromosome 21 and short arm of chromosome 6
d long arm of chromosome 22 and short arm of chromosome 6

141 Phagocytosis is a function of:

a erythrocytes
b granulocytes
¢ lymphocytes
d thrombocytes
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142 Mechanism of cortisol-induced neutrophilia includes: .

a ashift in granulocytes from the marginating poal to the circulating pool
b an increased exit of granulocytes frorn the circulation

¢ adecrease exit of granulocytes from the bone marrow

d granulocyte return from the tissues to the circulating pool

143 Which cells are involved in immediate hypersensitivity reactions?

MLS
oMY a eosinophils

b basophils

¢ plasma cells

d reactive lymphocytes

144 The white cell feature most characteristic of pernicious anemia is:

a eosinophilia
b toxic granulation
¢ hypersegmentation

d atypical lymphocytes

Leukocytes: Disease States ‘
145 Which of the following conditions is not associated with a high incidence of leukemia?

a paroxysmal nocturnal hemoglobinuria
b Fanconi anemia

¢ apiastic anemia

d megaloblastic anemia

146 The M:E ratio in chronic myelocytic leukemia is usually:

a normal
b high
c low
d variable

147 In the French-American-British (FAB) classification, myelomonocytic leukemia would be:
MIS

ONLY a2 M1 and M2
b M3
¢ M4
d M5

148 Abnormalities found in erythroleukemia include:

rapid DNA synthesis

marrow fibrosis
megaloblastoid development
increased erythrocyte survival

|-V - o )

149 Neutropenia is not usually associated with:

a viral infections
b Hodgkin disease
¢ select antibiotics
d chemotherapy

150 Auer rods are most likely present in which of the following?

a chronic myelocytic leukemia

b myelofibrosis with myeloid metaplasia
¢ erythroleukemija

d acute myelocytic leukemia
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151 The following results were obtained on a 45-year-old man complaining of chills and fever:
WBC:  23.0x 10%uL (23.0 x 10%/L)

LAP: 200
Philadelphia chromosome: negative
Differential
Segs: 60%
Bands: 21%
Lymphs: 1%
Monos: 3%
Metamyeios: 2%
Myelos: 3%

Toxic granulation, Déhle bodies and vacuoles

These results are consistent with:

a neutrophilic leukemoid reaction

b polycythemia vera

¢ chronic myelocytic leukemia

d leukoerythroblastosis in myelofibrosis

152 Inan uncomplicated case of infectious mononucleosis, which of the following cells are affected?

a erythrocytes
b lymphocytes
€ monocytes

d thrombocytes

153 The atypical lymphocyte seen in the peripheral smear of patients with infectious mono is probably
derived from which of the following?

a T lymphocytes
b Blymphocytes
€ monocytes
d mast cells

154 Which of the following cells is the atypical lymphocyte seen on the peripheral blood smear of
patients with infectious mononucleosis?

a Tlymphocytes
b B lymphocytes
€ monocytes
d mast cells

155 The disease most frequently present in patients with atypical lymphocytosis and persistently
negative tests is:

a toxoplasmosis
b cytomegalovirus (CMV) infection
¢ herpes virus infection
d viral hepatitis
156 Pwarf or micro megakaryocytes may be found in the peripheral blood of patients with:

MIS

ONLY P .
& PEernicicus anemia

b DIC
¢ myelofibrosis with myeloid metaplasia
d chronic lymphocytic leukemia

157 Which of the following is associated with pseudo-Pelger-Huét anomaly?

aplastic anemia

iron deficiency anemia
myelogenous leukemia
Chédiak-Higashi syndrome

-V - ]
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Auer bodies are:

a anormal aggregation of lysosomes or primary (azurophilic) granules
b predominately found in acute myelogenous leukemia

¢ peroxidase negative

d alkaline phosphatase positive

The absence of the Philadelphia chromosome in granulocytic leukemia suggests:

rapid progression of the disease

a polyclonal origin to the disease

excellent response to therapy

conversion from another myeloproliferative disorder

-V - )

Increased numbers of basophils are often seen in:

acute infections

chronic myelocytic leukemia

chronic lymphocytic leukemia

erythroblastosis fetalis (hemolytic disease of the newborn)

[ Al - ]

A hypercellular marrow with an M:E ratio of 6:1 is most commonly due to:

a lymphoid hyperplasia

b granulocytic hyperplasia

¢ normoblastic hyperplasia

d myeloid hypoplasia

The following results were obtained:
WBC:  5.0x10%pL (5.0 x 109/L)
RBC:  1.7x10%uL (1.7 x 102
MCV: B4 um3 (84 fL)
Pit: 89 x 10%/uL (88 x 109/L)

LAP: 142

Philadetphia chromosome: negativa

Differential:
Segs: 16%
Bands: 22%
Lymphs: 28%
Monos: 16%
Eos: 1%
Basos: 1%
Metamyelos: 4%
Myelos: 3%
Promyelos; 4%
Blasts: 5%

1 megakaryoblast; 30 nucleated erythrocytes; teardrops; schistocytes; polychromasia;
giant, bizarre platelets noted

This is consistent with:

a idiopathic thrombocythemia

b polycythemia vera

¢ chronic myelocytic leukemia

d leukoerythroblastosis in myelofibrosis
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163 A 50-year-old man was admitted into the hospital with acute leukemia. Laboratory findings
iy included the following:

Myeloperoxidase stain: Blast cells negative

PAS stain: Blast cells demonstrate a blocking pattern
Terminal deoxynucleotidyl transferase (TdT): Blast cells positive

Surtace immunogliobulin: Blast cells negative

ch2: Blast cslls negative

Philadelphia chromosome: Positive

These results are most consistent with:

a acute myelogenous leukemia

b

chronic lymphocytic leukemia in lymphoblastic transformation

¢ T-cell acute lymphocytic leukemia

d

chronic myelogenous leukemia in lymphoblastic transformation

164 A 30-year-old man who had been diagnosed as having leukemia 2 years previously was readmitted
miyv because of cervical lymphadenopathy. Laboratery findings included the following:

WBC:  39.6x10%pL (38.6 x 10%/0)
RBC: 3.25x 108/uL. (3.25x 10™2/L)
Hgb: 9.4 g/dL (94 g/L)

Het: 28.2%

MCV: 86.7 pm? (86.7 fL)

MCH:  29.0pg

MCHC: 33.4%
Plt: 53 x 103/uL (53 x 10%/L)
LAP; "
Philadelphia chromosome: positive
Ditferential:

Polys: 7%

Lymphs: 4%

Monos : 2%

Eos: 3%

Basos: 48%

Myelos: 13%

Promyelos: 2%
Metamyslos: 8%
Blasts: 13%
NRBCs: 1
Bone marrow: 95% cellularlty, 50% blast cells (some with peroxidase and SBB positivity)

These results are most consistent with:

RO T'e

acute myeloid leukemia
erythroleukemia

chronic myelogenous leukemia (CML)
CML in blast transformation
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The following results were obtained on a 35-year-old woman complaining of fatigue and
weight loss:

WBC: 1.8% 10%/uL (1.8 x 109/}
RBC: 4.6x10%/uL (4.6 x 10'2/)
Pit: 903 x 10%/pL {903 x 10%/1)
uric acid: 6.4 xmg/dL (380 pmoi/L)
LAP: 0
Philadselphia chromosomae: positive
Differential:

Segs: 30%

Bands: 17%

Lymphs; 13%

Manos: 3%

Eos: 4%

Basos: 6%

Metamyelos: 3%

Myelos: 20%

Promyelos: 3%

Blasts: 1%

These results are consistent with:

a neutrophilic leukemoid reaction

b idiopathic thrombocythemia

¢ chronic myelocytic leukemia

d leukoerythroblastosis in myelofibrosis

Which is the most predominant form aof secondary hematologic malignancy seen in patients with
multiple myeloma?

a acute lymphoblastic leukemia

b acute eosinophilic leukemia

¢ acute myelomonacytic leukemia
d acute megakaryocytic leukemia

In chronic myelocytic leukemia, blood histamine concentrations tend to reflect the:

a number of platelets present

b serum uric acid concentrations

¢ number of basophils present

d the total number of granulocytes

Biochemical abnormalities characteristic of polycythemia vera include:

a increased serum B, binding capacity

b hypouricemia

¢ hypohistaminemia

d decreased leukocyte alkaline phosphatase activity

Auer rods:

contain lactoferrin

are lysosome and acid phosphatase-positive
are found in the leukemic phase of lyrnphoma
are found in acute lymphocytic leukemia

[-"R I - o

50%-90% myeloblasts in a peripheral blood is typical of which of the following?

chronic myelocytic leukemia
myelofibrosis with myeloid metaplasia
erythroleukemia

acute myelocytic leukemia

an ot
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The M:E ratio in acute myelocytic leukemia is usually:

a normal
b high
c low
d variable

Which of the following is most closely associated with acute promyelocytic leukemia?

a ringed sideroblasts

b disseminated intravascular coagulation
¢ micromegakaryocytes

d Philadelphia chromosome

Which of the following is most closely associated with chronic myelomonocytic leukemia?

a Philadelphia chromosome
b disseminated intravascular coagulation
¢ micromegakaryocytes

d lysozymuria

The absence of intermediate maturing cells between the blast and mature neutrophil commonly
seen in acute myelocytic leukemia and myelodysplastic syndromes is called:

a subleukemia

b aleukemic leukemia
¢ leukemic hiatus

d leukemoid reaction

Which of the following is most closely associated with chronic myelogenous leukemia?

a ringed sideroblasts

b disseminated intravascular coagulation
¢ micromegakaryocytes

d Philadelphia chromosome

The bone marrow in the terminal stage of erythroleukemia is often indistinguishable from that
seen in:

myeloid metaplasia
polycythemia vera

acute myelocytic leukemia
aplastic anemia

[-PRa T - ol

A block in the differentiation or maturation of, and an accretion of immature hematopoietic
progenitors is a hallmark of:

a chronic lymphocytic leukemia
b myeloproliferative diseases

¢ polycythemia vera

d acute myelogenous leukemia

All stages of neutrophils are most likely to be seen in the peripheral blood of a patient with:

chronic myelocytic leukemia
myelofibrosis with myeloid metaplasia
erythroleukemia

acute myelocytic leukemia

=PRI o ]

All of the following conditions are myeloproliferative disorders except:

a myelocytic leukemia

b lymphocytic leukemia

¢ polycythemia vera

d idiopathic thrombocythemia
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180 The following results were obtained on a 55-year-old man complaining of headaches and
blurred vision:

WBC: 19.0x 10%/uL (19.0 % 109/L)
RBC: 7.2 108/ul (7.2 x 10'2/L)
Plt: 1,056 x 103/l (1056 x 10%/L)
uric acid: 13.0 mg/dL (0.76 mmol/L})
O, saturation: 93%
Rh': negative
Red cell volume: 3,911 mL (normal = 1,600)
Ditferential:

Segs: 84%

Bands: 10%

Lymphs: 3%

Monos: 2%

Eos: 1%

These results are consistent with:

a neutrophilic leukemoid reaction

b polycythemia vera

¢ chronic myelocytic leukemia

d leukoerythroblastosis in myelofibrosis

181 A patient has a tumor that concentrates erythropoietin. He is most likely to have which of the
following types of polycythemia?

a polycythemia vera

b polycythemia, secondary to hypoxia

¢ benign familial polycythemia

d polycythemia associated with renal disease

182 Which of the following types of polycythemia is most often associated with emphysema?

a polycythemia vera

b polycythemia, secondary to hypoxia

¢ relative polycythemia associated with dehydration
d polycythemia associated with renal disease

183 Hemorrhage in polycythemia vera is the result of:

& increased plasma viscosity
b persistent thrombocytosis
¢ splenic sequestration of platelets
d abnormal platelet function

184 A patient diagnosed with polycythemia vera 5 years ago now has a normal hematocrit, decreased

hemoglobin and microcytic, hypochromic red cells. What is the most probable cause for the
current blood situation?

a phlebotomy
b myelofbrosis
¢ preleukemia
d aplastic anemia
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185 A patient has been treated for polycythemia vera for several years. His blood smear now shows:

QOval macrocytes
Howaell-Jolly bodies
Hypersegmented neutrophils
Large, agranuiar platelets

The most probable cause of this blood picture is:

a iron deficiency

b alcoholism

¢ dietary By, deficiency
d chemotherapy

186 In infectious mononucleosis, lymphocytes tend to be:

a small with little cytoplasm

b normal

¢ decreased in number

d enlarged and indented by surrounding structures

187 In comparison to malignant lymphoma cells, reactive lymphocytes:

a have a denser nuclear chromatin

b are known to be T cells

¢ have more cytoplasm and more mitochondria

d are morphologically more variable throughout the smear

188 T-cell acute lymphocytic leukemia (ALL) is closely related to:
MLS
MY & chronic lymphocytic leukemnia (CLL)
b autoimmune disease
¢ lymphoblastic lymphoma
d acute myelocytic leukemia (AGL)
189 In the French-American-British (FAB) classification, acute lymphocytic leukemia is divided into
ouly groups according to:

a prognosis

b immunclogy

¢ cytochemistry

d morphology
190 Increased levels of TdT activity are indicative of:
MLS
MY a Burkitt lymphoma
b acute myelocytic leukemia
¢ acute lymphocytic leukemia
d eosinophilia

191 Which of the following is true of acute lymphoblastic leukemia (ALL)?

occurs most commonly in children 1-2 years of age

patient is asymptomatic

massive accumnulation of primitive lymphoid-appearing cells in bone marrow occurs
children under 1 year of age have a good prognosis

- "R - o
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leukemia becomes anemic. Laboratory tests reveal:

| Thrombocytopenia

Many peroxidase-negative blast cells in the periphera blood
Bone marrow hypercaellular in biast transformation

Markadly increased bone marrow TdT

'l
i | | 192 A 50-year-old woman who has been receiving busulfan for three years for chronic myelogengys
Ml

I a acute lymphocytic leukemia
b acute myelocytic leukemia
¢ acute myelomonocytic leukemia

|

i Which of the following complications is this patient most likely to have?
[

d busulfan toxicity

193 The most common form of childhood leukemia is:

acute lymphocytic
acute granulocytic
acute monocytic
chronic granulocytic

-SRI o ]

194 Chronic lymphocytic leukemia is defined as a(n):

malignancy of the thymus

accumulation of prolymphocytes

accumulation of hairy cells in the spleen

accumulation of monoclonal B cells with a block in cell maturation

an o

195 Hairy cell leukemia (leukemic reticuloendotheliosis) is:
MLs

UMY a an acute myelocytic leukemia

a chronic leukemia of myelocytic origin
a chronic leukemia of lymphocytic origin
an acute myelocytic monocytic-type leukemia

an oTe

196 Which of the following is not a characteristic usually associated with hairy cell leukemia?

pancytopenia

mononuclear cells with ruffled edges
splenomegaly

increased resistance to infection

AN o'W

197 Morphologic variants of plasma cells do not include:

a flame cells
b morula cells
< grape cells
d Gaucher cells

198 Which of the following bone marrow findings favor the diagnosis of multiple myeloma?
MLS
ONLY

a presence of Reed-Sternberg cells

b sheaths of immature plasma cells

¢ presence of flame cells and Russell bodies
d presence of plasmacytic satellitosis

199 Which of the following have a B cell origin?

ri b i

a Sézary syndrome

b malignant lymphoma, lymphoblastic type
¢ Sternberg sarcoma

I d Waldenstrdm macroglobulinemia
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Which of the following cells is most likely identified in lesions of mycosis fungoides?

a Tlymphocytes
b B lymphocytes
¢ monocytes
d mast cells

-Of the following, the disease most closely associated with cytoplasmic granule fusion is:

a Chédiak-Higashi syndrome
b Pelger-Huét anomaly
¢ May-Hegglin anomaly
d Alder-Reilly anomaly

Which of the following anomalies is an autosomal dominant disorder characterized by
irregularly-sized inclusions in polymorphonuclear neutrophils, abnormal giant platelets and
often thrombocytopenia?

a Pelger-Huét
b Chédiak-Higashi
¢ Alder-Reilly
d May-Hegglin

Of the following, the disease most closely associated with granulocyte hyposegmentation is:

a May-Hegglin anomaly

b Pelger-Huét anomaly

¢ Chédiak-Higashi syndrome
d Gaucher disease

Which of the following cell types is characteristic of Pelger-Huét anomaly is the:

a band form

b pince-nez form

¢ normal neutrophil
d myelocyte

Which of the following is associated with Chédiak-Higashi syndrome?

a membrane defect of lysosomes
b Déhle bodies and giant platelets
¢ two-lobed neutrophils

d mucopolysaccharidosis

Which of the following is associated with Alder-Reilly inclusions?

a membrane defect of lysosomes
b Déhle bodies and giant platelets
¢ two-lobed neutrophils

d mucopolysaccharidosis

Which of the following is associated with May-Hegglin anomaly?

a membrane defect of lysosomes
b Déhle bodies and giant platelets
¢ chronic myelogenous leukemia
d mucopolysaccharidosis

A differential was performed on an asymptomatic patient. The differential included 60%

neutrophils: 55 of which had 2 lobes and 5 had 3 Iobes. There were no other abnormalities. This is

consistent with which of the following anomalies?

a Pelger-Huét
b May-Hegglin
¢ Alder-Reilly
d Chédiak-Higashi
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The cytoplasmic abnormality of the white blood cell of Alder-Reilly anomaly is found in the.

a endoplasmic reticulum
b lysosomes

¢ mitochondria

d ribosomes

Of the following, the disease most closely associated with mucopolysaccharidosis is:

a Pelger-Huét anomaly

b Chédiak-Higashi syndrome
¢ Gaucher disease

d Alder-Reilly anomaly

Of the following, the disease most closely associated with glucocerebrosidase deficiency is:

a Gaucher disease

b Chédiak-Higashi syndrome
¢ Pelger-Huét anomaly

d May-Hegglin anomaly

Patients with chronic granulomatous disease suffer from frequent pyogenic infections due to

the inability of:

a lymphocytes to produce bacterial antibodies

b eosinophils to degranulate in the presence of bacteria

¢ neutrophils to kill phagocytized bacteria

d basophils to release histamine in the presence of bacteria

Of the following, the disease most closely associated with pale blue inclusions in granulocytes
and giant platelets is:

a Gaucher disease

b Alder-Reilly anomaly

¢ May-Hegglin anomaly
d Pelger-Huét anomaly

Leukocytes: Laboratory Determinations

214

An oncology patient has the following results:
Day 1 Day 3
wWBC 8.0x 10%/uL 2.0x10%pL
(8.0 10%/L) (2.0x109/L)
RBC 3.50x 108/uL 3.45x 10%/uL
(3.501012/1) (3.45x 10"/
Hgb 10.0 g/dL (100 g/L) 9.9 g/dL (99 g/L)
Het 29.8% 29.5%
Pit 180 x 103/pL 150 x 10%/pL
{180 x 10%/L) (150 x 109/L)

The most probable explanation is:
a chemotherapy

b cold antibody

¢ dotted specimen

d inadequate mixing
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215 Aleukocyte count and differential on a 40-year-old Caucasian man revealed:

216

217

218

WBC: 5.4 x 10%/uL (5.4 x 10%/L)

Ditferential:
Segs: 20%
Lymphs: 58%
Monos: 20%
Eos: 2%

This data represents:

a absolute lymphocytosis
b relative neutrophilia

¢ absolute neutropenia
a4 leukopenia

Aleukocyte count and differential on a 40-year-old Caucasian man revealed:

WBC: 5.4 x 10%/uL (5.4 x 109/L)

Differential:
Segs: 20%
Lymphs: 58%
Maonos: 20%
Eos: 2%

This represents:

a relative lymphocytosis
b absolute lymphocytosis
¢ relative neutrophilia
d leukopenia

In synovial fluid, the most characteristic microscopic finding in gout is:

a calcium pyrophosphate crystals
b cartilage debris

¢ monosodium urate crystals

d hemosiderin-laden macrophages

Given the following data:
WBC: 8.5x 10%/uL (8.5 x 10%/L)

Differential:
Segs: 56%
Bands: 2%
Lymphs: 30%
Monos: 6%
Eos: 6%

What is the absolute lymphocyte count?

a  170/uL(0.17 x 10°/L)
b  510/uL(0.51x10%L)
€ 2,550/pL (2.55x10%/L)
d 4,760/pL (4.76 x 109/1)
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180

Given the following data:
WBC: 8.5x10%/L (8.5x 10%L)
Differantial:

Segs: 56%
Bands: 2%
Lymphs: 30%
Monos: 6%
Eos: 6%

What is the absoclute eosinophil count?

a  170/uL (0.17x10%/1)
b 510/uL (0.51x10%L)
€ 2,550/uL (2.55x10%L)
d 4,760/uL (4.76 x 10%/L)

Which of the following is the formula for manual white cell count?

a (number of cells counted x dilution x 10)/number of squares counted
b (number of cells counted x dilution)/10 x number of squares counted
¢ number of cells counted x dilution

d number of cells counted x number of squares counted

[f a WBC count is performed on a 1:10 dilution and the number of cells counted in 8 squares is
120, the total WBC count is:

a 1,200/uL (1.2x10%L)
b 1,500/uL (1.5x10%L)
¢ 12,000/uL (12.0x 10%/L)
d 15,000/uL (15.0x10%/L)

If a WBC count is performed on a 1:100 dilution and the number of cells counted in eight squares
is 50, the total WBC count is:

a  5,000/uL (5.0x10%/L)

b 6,250/uL (6.25x10°/L)
¢ 50,000/uL (50.0x 10%/1)
d 62,500/uL (62.5x10%/L)

An automated leukocyte count is 22.5 x 10%/uL (22.5x 10°/L). The differential reveals 200
normoblasts/100 leukocytes. What is the actual leukocyte count per microliter?

a  7,500/uL (7.5x10%/L)

b 11,500/pL (11.5x10%/L)
¢ 14,400/uL (14.4 x 10%/L)
d 22,300/uL (22.3 x10%/L)

A total leukocyte count is 10.0 x 103/uL (10.0 x 10°/L) and 25 NRBCs are seen per 100 leukocytes
on the differential. What is the corrected leukocyte count?

a 2,000/uL (2.0x10%L)
b  8,000/pL (8.0 x 109/L)
¢ 10,000/uL (10.0x10%/L)
d 12,000/uL (12.0x10%1L)

If the total leukocyte count is 20.0x 103/ul. (20.0 % 10%/L) and 50 NRBCs are seen per 100
leukocytes on the differential, what is the corrected leukocyte count?

a 6,666/uL (6.666x10%/L)
b 10,000/uL (10.0x 10%/L)

€ 13,333/uL (13.333x 10%/L)
d 26,666/uL (26.666 x 10%/L)
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226 A blood smear shows 80 nucleated red cells per 100 leukocytes. The total leukocyte count is

227

228

229

230

18 x 103/uL (18 x 10%/L). The true white cell count expressed in Sl units is:

a 17.2x10%/uL (17.2x 10%/L)
b 9.0x10%/uL (9.0x10°/L)

¢ 10.0x10%pL (10.0x10%L)
d 13.4x10%/pL (13.4x10%/L)

A mean cellular hemoglobin concentration (MCHC) over 36 g/dL (36 g/L) is frequently found in:

a hereditary spherocytosis

b lipemia (abnormally high plasma lipid)
¢ active cold agglutinin disease

d all of the above

An unexplained elevation of the prothrombin time (PT) in a 72-year-old smoker who has been
diagnosed with chronic pulmonary obstructive disease is most likely due to:

a an elevated hematocrit

b a decreased hematocrit

¢ vitamin K deficiency

d decreased thrombin activity

Which of the following statements about this field is true?

reticulocytes are demonstrable

toxic granulation is present

the cell in the center is a basophilic normoblast
the large cell on the left is a monocyte

N oe

The large nucleated cell in the lower right-hand side of the image below is a:

a myelocyte

b metamyelocyte
¢ basophil

d plasma cell
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231 In the image below, the small nucleated cell seen in the lower left corner is a:

a polychromatophilic normoblast (rubricyte)
b mature lymphocyte

¢ plasma cell

d lymphoblast

232 The cells seen in the image below are most consistent with:
MLs
(INLY

chronic myelogenous leukemia
infectious mononucleosis
acute lymphocytic leukemia
Sézary syndrome

afh oTpe

233 Cell description:

Size: 12 to 16 pm

Nucleus: oval, notched, folded aver o horseshee shape

Chromatin;  fine lacy, stains light purple-pink

Nucleoli: none prasent

Cytoplasm: abundant, slate gray, with many fine lilac-colorad granulas

This cell is a:

a promyelocyte
b lymphocyte
¢ neutrophil
d monocyte
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234 The large cell in the center of the image would be best described as a(n):

neutrophil
basophil

eosinophil
myelocyte

[P - o

235 The large cell indicated by the arrow in image below is a:

myeloblast
promyelocyte
myelocyte
metamyelocyte

A Te

236 A patient is diagnosed as having bacterial septicemia. Which of the following would best describe
the expected change in his peripheral blood?

a granulocytic leukemoid reaction
b lymphocytic leukemoid reaction
¢ neutropenia
d eosinophilia

237 The most characteristic morphologic features of atypical lymphocytes include:

a coarse nuclear chromatin and basophilic cytoplasm
b blue-grey cytoplasm, fine nuclear chromatin

¢ nucleoli and deep blue RNA-rich cytoplasm

d a stretched nucleus and cytoplasmic indentations

238 A bone marrow shows foam cells ranging from 20-100 ym in size, vacuolated cytoplasm

M1 containing sphingomyelin and is faintly PAS+. This cell type is most characteristic of:

a Gaucher disease

b myeloma with Russell bodies
¢ DiGuglielmo disease

d Niemann-Pick disease
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Which substrate is used for the detection of specific esterase?

a acetate

b chloroacetate

¢ pararosanilin acetate
d phenylene diacetate

A useful chernical test for the diagnosis of hairy cell leukemia is the:

a peroxidase test

b Sudan black test

¢ periodic acid-Schiff test

d tartrate-resistant acid phosphatase test

Cytochemical stains were performed on bone marrow smears from an acute leukemia patient.
All blasts were periodic acid-Schiff (PAS) negative. The majority of the blasts showed varying
amounts of Sudan black B positivity. Some of the blasts stained positive for naphthol AS-D
acetate esterase, some were positive for naphthol AS-D chloroacetate esterase, and some blasts
stained positive for both esterases. What type of leukemia is indicated?

lymphocytic
myelogenous
myelomonocytic
erythroleukemia

aRn o'e

Which of the following stains is closely associated with the lysosomal enzyme in primary
(azurophilic) granules?

a peroxidase

b Sudanblack B

¢ periodic acid-Schiff (PAS)
d Prussian blue

What feature would not be expected in pseudo-Pelger-Huét cells?

a hyperclumped chromatin
b decreased granulation

¢ normal peroxidase activity
d normal neutrophils
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Bone marrow exarnination reveals a hypercellular marrow consisting of probable lymphoblasts,

The cells stain positively with anti-TdT and anti CD3 and CD7 antibodies; however, the
lymphoblasts are negative for Slgs, D19, CD10 (CALLA), Fe, and complement receptors. The
most likely diagnosis is:

a null-cell acute lymphocytic leukemia {non-B, non-T cell ALL)
b chronic lymphocytic leukemia (CLL)

¢ T-cell leukemia (T-ALL)

d hairy-cell leukemia

In synovial Aluid, the most characteristic finding in pseudogout is:

a calcium pyrophosphate dihydrate crystals
b cartilage debris

¢ monosodium urate crystals

d hemosiderin-laden macrophages

In synovial fluid, the most characteristic finding in traumatic arthritis is:

a monosedium urate crystals

b cartilage debris

¢ calcium pyrophosphate dihydrate crystals
d hemosiderin-laden macrophages

Which of the following stains is most frequently used to differentiate acute myelocytic from acute
lymphocytic leukemia?

a alkaline phosphatase
b nonspecific esterase
¢ acid phosphatase

d peroxidase

The cell series most readily identified by a positive Sudan black B is:

a erythrocytic
b myelocytic

¢ plasmacytic
d lymphocytic

Which cell type shows the most intense staining with peroxidase?

a neutrophit

b basophil

¢ eosinophil (or lymphocyte)
d monocyte

Which of the following may be used to stain neutral fats, phospholipids and sterols?

a peroxidase

b Sudanblack B

¢ periodic acid-Schiff (PAS)
d Prussian blue

The stain that selectively identifies phospholipid in the membranes of primary and secondary
granules within myeloid cells is:

a Sudan black B

b leukocyte alkaline phosphatase (LAP)
¢ periodic acid-Schiff (PAS)

d peroxidase
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252 A 30-year-old woman was admitted to the hospital for easy bruising and menorrhagia. Laboratory
ity indings included the following:
WBC: 3.5x 10%/uL (3.5x 10%/L)
RBC: 2.48x 105/l (2.48x10'2/L)
Pit: 30x 103/uL (30.0x 10%/0)
Hgb: 8.6 g/dL (86 g/L)
Hct: 25.0%
MCV: 100.7 ym? (3100.7 fL)
MCH: 34.7 pg
MCHC: 34.3%
PT: 34.0 sec
APTT: 62.5 sec
TT: 15.0 sec
FSP: >40 pg/mL (>40 mg/L)
fibrinogen: 315 mg/dL (3.15 g/L) {control 200-400 mg/dL [2.0~4.0 g/L])
Diffarential:
Polys: 3%
Lymphs: %
Monos: 2%
Myslos: 4%
Abnormal immature:  58%
Blasts: 3%
nRBC: 1

Auer bodies, 1+ macrocytes, 1+ polychromasia

The cells identified as “abnormal immature” were described as having lobulated nuclei with
prominent nucleoli; the cytoplasm had intense azurophilic granulation over the nucleus, with
some cells containing 1-20 Auer bodies, frequently grouped in bundles. A 15-17 chromosomal
translocation was noted, Cells were SBB, peroxidase and NAS-D-chloroacetate positive, PAS
negative. Which of the following types of acute leukemia is most likely?

a myeloblastic
b promyelocytic
¢ myelomonocytic
d monocytic
253 Which of the following leukemias is characterized by immature cells that are Sudan black B
M. positive with discrete fine granules, peroxidase negative, PAS variable, strongly alpha naphthyl
acetate esterase positive, and muramidase positive?

acute lymphocytic
chronic lymphocytic
acute myelocytic
acute myeloemonocytic

O oW

254 Chronic lymphocytic leukemia cells are most likely to express which of the following cell

MIS
oniy  surface markers?

CD3, CD7, CD19 and CD20
D19, CD20, CD4 and CD5
CD19, CD20, CD21,CD5
CD13,CD33, CD107

| -"R oI - o ]

255 Which of the following markers, typically detected in normal myeloid cells, are expressed on the
oniy  surface of hairy cell lenkemia lymphocytes?

a CD3
b CD8
¢ CD1lc
d CD103
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In flow cytometric analysis, low angle or forward scatter of a laser light beam provides
information that pertains to a cell's:

volume
viability
granularity
lineage

-V - o

In flow cytometric analysis, right angle (90 degrees) or side scatter of a laser light beam provides
information that pertains to a cell’s:

a volume
b viability
¢ granularity
d lineage

A cell surface marker that is expressed on neoplastic plasma cells and is helpful in the diagnosis of

myeloma is:

a CD19
b CD20
¢ CD45
d CD138

The (8;14) chromosomal translocation brings which of the following 2 genes in close proximity?

core binding factor alpha and the retinoic acid receptor
the Abelson tyrosine kinase and breakpoint cluster region
¢-myc and the immunoglobulin heavy chain

core binding factor beta and the myosin heavy chain

N-"a - o

Laboratory tests that are designed to aid in the diagnosis of chronic granulomatous disease rely
upon the detection of the activity of:

a MPO (myeloperoxidase)
b PHOX (phagocyte oxidase proteins)
¢ lysosomal proteinases

d (G6PD) glucose-6-phosphate dehydrogenase

Which of the following laboratory results would be expected in a child with aryl sulfatase B
deficiency (mucopolysaccharidosis type VI or Maroteaux-Lamy syndrome)?

giant platelets, thrombocytopenia and Déhle-body like inclusions in leukocytes
increased urinary excretion of glycosaminoglycans {chondroitin sulfate)
increased sensitivity of RBC and WBC to complement-mediated lysis
accumulation of glucocerebrosides and other lipids in splenic macrophages

[-"Ra I - o

Platelets: Physiology

262

263

vWF antigen can be found in which of the following?

a myeloblast

b monoblast

¢ lymphoblast

d megakaryoblast

Which of the following is characteristic of cellular changes as megakaryoblasts mature into
megakaryocytes within the bone marrow?

a progressive decrease in overall cell size

b increasing basophilia of cytoplasm

¢ nuclear division without cytoplasmic division
d fusion of the nuclear lobes

Clinical Laboratory Certification Examinations 187

|




. Questiong
3: Hematology | Platelets: Physiology

264 Which of the following cells contain hemosiderin?

265

266
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a megakaryocyte
b osteoclast
c histiocyte
d mast ce]l

Which of the following cells is the largest cell in the bone marrow:

a megakaryocyte
b histiocyte
€ osteohlast
d mast cell

Normal platelets have a circulating life-span of approximately:

a  5days
b 10 days
¢ 20 days
d 30days

Aspirin affects platelet function by interfering with platelets’ metabolism of;

a prostaglandins
b lipids

¢ carbohydrates
d nucleic acids

; i i sts a
The combination of increased capillary fragility and prolonged bleeding time sugge
deficiency in:

thromboplastin
prothrombin
platelets
fibrinogen

-SRI - o ]

Platelet activity is affected by:

a calcium
b aspirin
¢ hyperglycemia
d hypoglycemia

Cells involved in hemostasis are:

a erythrocytes
b granulocytes
¢ lymphocytes
d thrombocytes

Alpha granules are found on the platelet in;

peripheral zone
sol gel zone
organelle zone
membranes

- N Y
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Platelets: Disease States | .
272 Thrombocytopenia is a characteristic of: .

[ a classic von Willebrand disease (l
! b hemophilia A |

¢ Glanzmann thrombasthenia

d May-Hegglin anomaly !I|

273 Which of the following is a true statement about acute idiopathic thrombocytopenic
MLS  purpura (ITP)?

a it is found primarily in adults '
b spontaneous remission usually occurs within several weeks '
¢ women are more commonly affected

d peripheral destruction of platelets is decreased

274 Which of the following is the most common cause of an abnormality in hemostasis?
MI1S
ONIY 2 decreased plasma fibrinogen level
b decreased Factor VIII jevel

¢ decreased Factor IX level

d quantitative abnormality of platelets

275 The foliowing results were obtained:
ML
ONLY WBC: 1.Bx 10%/uL (1.8 x 109/L)

Hgb: 8.9 g/dL (89 g/L)
Hcet: 27.4%
Pit: 2,300 % 10%/uL (2,30 x 10%/1)
LAP: 80
Differential:

Segs: 70%

Bands: 10%
W Lymphs: 18%

Maonos: 2%
Gian, bizarre platelels, rare megakaryocytes
3+ Poikllocytosls, 2+ Anisocytosis
1+ Schizocytosis

This is consistent with:
' a neutrophilic leukemoid reaction
b polycythemia vera
¢ leukoerythroblastosis in myelofibrosis
d idiopathic thrombocythemia

276 A 53-year-old man was in recovery following a triple bypass operation. Oozing was noted from his

s surgical wound. The following laboratory data were obtained:
Hemoglobin: 12.5 g/dl (125 g/1)
Hematocrit: 37%
Prothrombin time:  12.3 seconds
APTT. 34 seconds
Platelet count: 40.0x 10%/pL (40.0 % 10%/L)
Fibrinogen: 250 mg/dL {2.5 g/L)

The most likely cause of bleeding would be: | i

a dilution of coagulation factors due to massive transfusion _
b intravascular coagulation secondary to microaggregates - " " | |

¢ hypofibrinogenemia
d dilutiona) thrombocytopenia
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277 ADAMTS13 deficiency is responsible for thrombocytopenia found in:
MLS
ONLY

Patient A

Collagen

TTP
DIC
HUS
ITP

- I - ol

278 Heparin induced thrombocytopenia (HIT) is an immune mediated complication associated with

v heparin therapy. Antibodies are produced against:

a ACLA
b PF4
¢ AT
d B2GP1

279 In polycythemia vera, the platelet count is:

a elevated
b normal
¢ decreased
d variable

280 Thrombocytosis would be indicated by a platelet count of:

a 100x10%/ul (100 x 10%/L)
b 200 x 10%/ulL (200 x 10%/L)
¢ 300x10%puL (300 x 107/L)
d 600 x 103/uL (600 x 10°/L)

281 A 60-year-cld man has a painful right knee and a slightly enlarged spleen. Hematology
oney  results include:

hemoglobin: 15 g/dL (150 g/1)
absolute neutrophil count; 10.0x 10%/uL (10.0x 10%/L)
platelet count: 900 x 10%/uL (900 = 109/L)
uncorracted retic count: 1%

normal red cell morphology and indices
a slight increase in bands

rare matamyelocyte and myelocyte
giant and bizarre-shaped plateiets

This is most compatible with:

congenital spherocytosis

theurnatoid arthritis with reactive thrombocytosis
myelofibrosis

idiopathic thrombocythemia

on

-V ]
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282 Which of the following is characteristic of platelet disorders? il

deep muscle hemorrhages
retroperitoneal hemorrhages
mucous membrane hemorrhages
severely prolonged clotting times ‘

AN TS

283 Which of the following is characteristic of Bernard-Soulier syndrome?

giant platelets i |
normal bleeding time |
abnormal aggregation with ADP
increased platelet count

[- PR -

284 Which of the following is associated with Glanzmann thrombasthenia?
MLS
ONLY

a normal bleeding time

b normal EPI aggregation
¢ abnormal initial wave ristocetin aggregation Tl
d abnormal ADP aggregation

285 The preferred blood product for a bleeding patient with Type I von Willebrand disease is:
MIS
oLy Factor II, V11, IX, X concentrates
Platelet Concentrates

Fresh Frozen Plasma and Platelets

Cryoprecipitated AHF

Ah o'p

Platelets: Laboratory Determinations

286 A phase-platelet count is performed using a platelet Unopette™ (dilution = 1:100). 155 platelets
are counted on one side of the hemacytometer in the center square millimeter, and 145 are
counted on the other side in the same area. After making the appropriate calculations, the next
step would be to:

repeat the procedure, using a 1:20 dilution with acetic acid
report the calculated value

collect a new specimen

repeat the procedure, using a 1:200 dilution with saline

an o

287 The chamber counting method of platelet enumeration: |

allows direct visualization of the particles being counted

has a high degree of precision

has a high degree of reproducibility

is the method of choice for the performance of 50-60 counts per day

an g

288 Blood is diluted 1:200, and a platelet count is performed. 180 platelets were counted in the center
square millimeter on one side of the hemacytometer and 186 on the other side. The total platelet
count is:

a 146 x10%/ul (146 x107/L)
b 183 x10%/uL (183 x10%/L)
C
d

366 x 10°/uL (366 x 10%/1)
732 x 10%/uL {732 x 10%/L)
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)
- ! i 289 A phase-platelet count was performed and the total platelet count was 356 x 103/uL (356 x 10%/L).
]
| 16, 18, 15, 20, 19, 17, 19, 18, 20, 16

10 fields on the stained blood smear were examined for platelets and the results per field were:
|

The next step would be to:

i a report the phase-platelet count since it correlated well with the slide
(s b repeat the phase-platelet count on a recollected specimen and check for clumping
1 ¢ check ten additional fields on the blood smear

I' d repeat the platelet count using a different method

290 An automated platelet count indicates platelet clumping, which is confirmed by examining
I the smear, The technician should:

a repeat the count on the same sample
IJ b report the automated count
' ¢ perform a manual count

| d recollect in sodium citrate

-| 291 The automated platelet count on an EDTA specimen is 58 x 10%/uL (58 x 10%/L). The platelet
estimate on the blood smear appears normal, but it was noted that the platelets were surrounding
1 the neutrophils. The next step should be to:

report the automated platelet count since it is more accurate than a platelet estimate

warm the EDTA tube and repeat the automated platelet count

rerun the original specimen since the platelet count and blood smear estimate do not match
recollect a specimen for a platelet count using a different anticoagulant

B TN

il | 292 Which one of the following is a true statement about megakaryocytes in a bone marrow aspirate?
i | MLy
{1 ONYa an average of 1-3 should be found in each low power field (10x)

the majority of forms are the MK stage
morphology must be determined from the biopsy section

quantitative estimation is done using the 100x oil immersion lens

Sh Tw

| 293 Which of the following platelet responses is most likely associated with
bty Glanzmann thrombasthenia?

a decreased platelet aggregation to ristocetin

b defective ADP release; normal response to ADP

! ¢ decreased amount of ADP in platelets

] d markedly decreased aggregation to epinephrine, ADP and collagen

| 294 A bleeding time is used to evaluate the activity of:

\ a platelets
it | b prothrombin
{1 ¢ labile factor
‘ d Factor XIII

|

|

| 295 A patient has been taking aspirin regularly for arthritic pain. Which one of the following tests
is most likely to be abnormal in this patient?

a platelet count

b template bleeding time

¢ prothrombin time

d activated partial thromboplastin time
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296 A platelet count done by phase microscopy is 200 x 103/uL (200 x 10%/L) (reference range
150-450 x 10%/uL (150-450 x 10%/L). A standardized template bleeding time on the same person is
15 minutes (reference range 4.5 + 1.5 minutes). This indicates that:

a the Duke method should have been used for the bleeding time
b the manual platelet count is in error

¢ abnormal platelet function should be suspected

d the results are as expected

297 Which of the following detects or measures platelet function?

a bleeding time

b prothrombin time

¢ thrombin time

d partial thromboplastin time

298 Platelet aggregation is dependent in vitro on the presence of:

a calcium ions
b sodium citrate
¢ thrombin

d potassium

299 Which of the following platelet responses is most likely associated with classic von
My Willebrand disease?

a decreased platelet aggregation to ristocetin
b normal platelet aggregation to ristocetin
¢ absent aggregation to epinephrine, ADP and collagen
d decreased amount of ADP in platelets
300 Which of the following platelet responses is most likely associated with hemophilia A (Factor VIII

. deficiency)?
a defective ADP release; normal response to ADP
b decreased amount of ADP in platelets
¢ absent aggrepation to epinephrine, ADP and collagen
d normal platelet aggregation
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Refer to the following diagram:

0}
104
20

30-1 D
401 C
50
604
704 B
80

90 - A
10—
1 2 3 a4

Time, Min

% Transmittance

In the platelet aggregation curves shown above, the aggregating agent was added at the point
indicated by the arrow. Select the appropriate aggregation curve for recent aspirin ingestion,
(Aggregating agent is ADP or epinephrine.)

a A

b B

¢ C

dD

Platelet aggregation will occur with the end production of:

a cyclooxygenase
b arachidonic acid
¢ prostacyclin

d thromboxane A,

[n von Willebrand disease, platelets give an abnormal aggregation result in the presence of:

a adenosine diphosphate
b epinephrine

¢ collagen

d ristocetin

The following platelet aggregation tracing represents:

von Willebrand disease
storage pool disease
Glanzmann thrombasthenia
aspirin

=TS - ol ]

Hemostasis

Coagulation factors affected by coumarin drugs are:

a VIII, [Xand X
b [ II, Vand VII
¢ ILVILIXand X
d I[I,Vand VII
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Which one of the following statements concerning Vitamin K is not true?

a there are two sources of Vitamin K: vegetable and bacterial

b Vitamin K converts precursor molecules into functional coagulation factors
¢ heparin inhibits the action of Vitamin K

d Vitamin K is fat scluble

Which of the following is Vitamin-K dependent?

a Factor XII
b fibrinogen
¢ antithrombin III
d Factor VII

Which of the following factors is used only in the extrinsic coagulation pathway?

a Il
bV
c VII
a VI

Hageman Factor (XII) is involved in each of the following reactions except:

activation of C1 to C1 esterase
activation of plasminogen

activation of Factor X1
transformation of fibrinogen to fibrin

an ob

Prothrombin is:

a aprotein formed by the liver in the presence of Vitamin K

b an enzyme that converts fibrinogen into fibrin threads

¢ the end product of the reaction between fibrinogen and thrombin
d a protein released by platelets during coagulation

Which of the following coagulation factors is considered to be labile?

all
bV
c VII
d X

The most potent plasminogen activator in the contact phase of coagulation is:

a kallikrein

b streptokinase
¢ HMWK

d fibrinogen

Which of the following factor deficiencies is assoctated with either no bleeding or only a minor
bleeding tendency, even after trauma or surgery?

a FactorX
b Factor XlI
¢ Factor XIII
d FactorV

Which of the following is a characteristic of Factor X1I deficiency?

a negative bleeding history

b normal clotting times

¢ decreased risk of thrombosis
d epistaxis
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315 The 2 factors that differentiate liver disease from Vitamin K deficiency are:

a [land VII

b [Xand VIl
¢ VIlIand IX
d Vand VIl

316 Which one of the following factors typically shows an increase in liver disease?

a Factor VI]
b Factor VII]
¢ Factor [X
d FactorX

317 A patient has a normal prothrombin time and a prolonged activated partial thromboplastin
time (APTT) using a kaolin activator. The APTT corrects to normal when the incubation time js
increased. These results suggest that the patient has:

a hemophilia A {(Factor VIII deficiency)

b Hageman Factor (XII) deficiency

¢ Fletcher Factor deficiency (prekallikrein)
d Factor V deficiency

318 The results on a patient are:

Tast Patient results  Reference range
PT 18.5 sec 11.0-13.5 sec
APTT 47.5 sec 24-35 sec
thrombin time 14.0 sac 12-19 sec

ATl 82% 70%:-130%
protain C 54% 771%-167%
protein 5 48% 65%-140%
activated protein C resistance 2.6 »2.1

These results reflect:

a thrombophilia

b Factor IX deficiency
¢ heparin

d warfarin

319 A4-year-old boy presents with chronic ear infections and is on prophylactic antibiotics. He
presents with bleeding, Factor assays reveal:

Tast Patient results Reference range
Factor Vil 100% 50%-150%
Factor v 75% 50%-150%
Factor IX 38% 50%-150%
Factor 1) 22% 50%-150%

Possible causes are:

a Factor Il deficiency

b lupus anticoagulant
¢ hemophilia

d Vitamin K deficiency
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320 A hemophiliac male anda normal female can produce a:

a female carrier

b male carrier

¢ male hemophiliac
d normal female

321 The following laboratory data were obtained from a 27-year-old man with a long history of

M abnormal bleeding:

prothrombin time:

activated partial thrombopilastin time:
Factor VIll coagulant activity:

Factor VIl related antigen.

platelet count:

template bleeding time:

normal
markedly prolonged
markedly decreased
normal
normal
normal

Which of the following disorders does this man most likely have:

a dassic hemophilia
b von Willebrand disease
¢ Christmas disease

d disseminated intravascular coagulation (DIC)

322 The following laboratory data were obtained from a 40-year-old woman with a long history of

Mis abnormal bleeding:

prothrombin time:

activated partial thromboplastin time:
Factor Vlli-coagulant activity:

Factor Vill-relatad antigen:

platelet count:

template bleeding time:

normal

prolonged
decreased

markedly decreased
normal

prolonged

Which of the following disorders does this woman most likely have:

a classic hemophilia
b von Willebrand disease
¢ Christmas disease

d disseminated intravascular coagulation (DIC)

323 Hemophilia B is a sex-linked recessive disorder that presents with a decrease in Factor:

MLS

ONLY a VIII
b IX
c X
d X1

:\3424 To distinguish between hemophilia and von Willebrand disease, a patient with von Willebrand will
iy present with which of the following test results?

Results APTT
result A abnormal normat
result B normal abnormat
result C abnormal abnormal
result D normal normal

a result A

b resultB

¢ result C

d resultD

Platelet screen

Ristocetin cofactor
normal

normal

abnormal

abnormal
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325 Patient presents with bleeding 48 hours post tooth extraction. Results are as follows:

Test Patient results Reference range

PT 11.5 sac 10-13 sec

APTT 32.5 sec 23-35 sec

fibrinogen 345 mg/dL (3.45 g/L) 200-400 mg/dL (2.0-4.0 g/L)

platelets 324 x 10%/pl (324 x 109/1} 150-450x 109/l (150-450 x 10971

Possible causes are a deficiency in:

a plasminogen

b Factor XIII

< alpha; anti-plasmin
d Factor XII

326 Plasma from a patient with lupus coagulation inhibitor can show:

a aprolonged APTT and normal PT

b aprolonged thrombin time

¢ no change with platelet neutralization

d complete correction when incubated with normal plasma

327 The activation of plaminogen to plasmin resulting in the degradation of fibrin occurs by
MIS

ONLY a PA]-l

b alpha, antiplasmin

c tPA

d alpha; macroglobulin
328 A deficiency of protein C is associated with which of the following?
M5
"M a prolonged activated partial thromboplastin time (APTT)
b decreased fibrinogen level (<100 mg/dL [<1.0 g/LD)
¢ increased risk of thrombosis
d spontaneous hemorrhage

329 Biological assays for antithrombin [II (AT iII) are based on the inhibition of:

MLS

OMY @ Factor VIII
b heparin
¢ serine proteases
d anti-AT HI globulin

330 A patient presents with a low Protein § activity, antigen and free antigen. The C4b binding protein
ML

oney 18 normal. This is classified as:
a no deficiency
b Typel
¢ Typell
d Typelll

331 APCresistance is confirmed by the molecular test for
MLS

ONFYa PAL14G/5G
b MTHFR
¢ FVL
d G20210A

332 Acute disseminated intravascular coagulation is characterized by:

a hypofibrinogenemia
b thrombocytosis
¢ negative D-dimer
d shortened thrombin time
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333 A patient develops unexpected bleeding and the following test results were obtained:

MLS
ONLY

334

335

MLs
CINLY

336

337

PT and APTT: prolonged
fibrinogen: decreased
D-dimer: increased
platelets: decreased

What is the most probable cause of these results?

a familial afibrinogenemia
b primary fibrinolysis

¢ DIC

d liver disease

Patient results are as follows:
Test Patient results Reference range
PT 17.5 sec 11-13 sec
APTT 56.7 s6C 25-35 sec
D-dimer 698 ng/mL <250 ng/mL
fibrinogen 123 mg/dL (1.23 g/L) 200-400 mg/dL (2.0-4.0 g/L)

platelet count 102 % 103/ul (102x 109/L) 150-450 x 10%/uL (150-450 x 109/L)

This workup suggests:

a blood clot
b hemorrhage
¢ DIC

d HUS

A patient develops severe unexpected bleeding following four transfusions. The following test
results were obtained:

PT and APTT: prolonged

platelets: 50 % 10%yL (50 x 108/L}
fibrinogen: 30 mg/dL (0.30 g/L)
D-dimer: increasead

Given these results, which of the following blood preducts should be recommended to the
physician for this patient?

a platelets

b Factor Vil

C cryoprecipitate

d fresh frozen plasma

The prothrombin time test requires that the patient’s citrated plasma be combined with:

a platelet lipids

b thromboplastin

¢ Ca** and platelet lipids
d Ca** and thromboplastin

In the APTT test, the patient's plasma is mixed with:

a ADP and calcium

b tissue thromboplastin and collagen
¢ phospholipid and calcium

d tissue thromboplastin and calcium
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The APTT: o

tests the extrinsic coagulation pathway
monitors Coumadin® therapy

requires tissue thromboplastin
menitors heparin therapy

[-" I -

Aliquots of plasma with a prolonged PT and prolonged APTT are mixed using various ratios of
patient plasma and normal plasma. All samples are incubated at 37°C and tested at 10-, 30-, and
60-minute intervals. The PT and APTT results on all of the mixtures are corrected. These regylts
would indicate the presence of:

circulating anticoagulant
factor deficiency
contaminated reagent
antibodies

an o

A patient is taking 10 mg per day of Coumadin® (warfarin). The results of which of the following
laboratory tests will be most impacted?

a protein C level

b antithrombin I level

¢ Factor V Leiden mutation
d Factor VIII level

A patient’s thrombin time is 25.5 seconds, and the control is 11.5 seconds. The patient’s plasma is
mixed with an equal part of normal plasma. The thrombin time is rerun and is 28.0 seconds with 3
control of 11.5 seconds. These results indicate:

a fibrinogen deficiency

b thrombocyte antibodies present
¢ Factor VI deficiency

d circulating anticoagulant

A prolenged thrombin time and a normal reptilase-R time are characteristic of:

a dysfibrinogenemia

b increased D-dimer

¢ fibrin monomer-split product complexes
d therapeutic heparinization

A 54-year-cld man was admitted with pulmonary embolism and given streptokinase. Which of the
following would be most useful in monitoring this therapy?

a activated partial thromboplastin time
b bleeding time

¢ prothrombin time

d thrombin time

The best test to determine if a sample is contaminated with heparin is:

a fibrinogen

b thrombin time

¢ prothrombin time
d stypven time

In a the Clauss fibrinogen methed, the time to clot formation in plasma is measured after the
addition of:

a calcium

b thrombin

¢ phospholipids
d kaolin
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If a patient presents with a prolonged APTT that does not correct upon mixing, the next
performed should be:

a Factorll

b DRVVT

¢ Factor VIII
d platelet count

Excess D-dimer indicate that clots have been:

a converted to fibrin monomers

b released into circulation

¢ formed and are being excessively lysed
d stimulated to activate platelets

D-dimers are produced from:

a cross-linked and stabilized fibrin clot

b decreased fibrinogen and platelets

¢ plasminogen converting to plasmin

d generation of thrombin from endothelial cells

Which of the following laboratory procedures is most helpful in differentiating severe liver disease
and accompanying secondary fibrinolysis from disseminated intravascular coagulation?

a presence of fibrin split products
b increased APTT

¢ Factor VIII activity

d fibrinogen level

A bedside test that can be used to monitor heparin activity is the:

activated clotting time
stypven time

reptilase time

partial thromboplastin time

ah oe

Which of the following laboratory findings is associated with Factor X deficiency?

a prolonged activated partial thromboplastin time
b clot solubility in a 5 molar urea solution

¢ prolonged thrombin time

d prolonged prothrombin time

Heparin acts by:

a precipitating fibrinogen
b binding calcium

¢ activating plasmin

d inhibiting thrombin

Low molecular weight heparin is monitored by a:

a anti-Xa assay
b APTT

¢ PT

d anti-Ila assay
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In an automated cell counter, the WBC printed result is “+++”. The next step is to:

repeat after warming the sample to 37°C
make an appropriate dilution of the sample
recalibrate the machine from pooled samples
request a new sample immediately

| -PL L - ol

A specimen run on an automatic cell counter has a platelet count of 19 x 103/uL (19 x 10%/L). The
first thing the technician should do is:

report the count after the batch run is completed
request a new specimen

review the stained blood smear

notify the laboratory manager

an o

The electrical resistance method of cell counting requires:

a equal-sized particles

b aconductive liquid

¢ 2 internal electrodes for current
d three apertures for counting

An anemic patient has an RBC of 2.70 x 105/uL (2.7 x 10'“/L) and a hemoglobin of 13.5 g/dL
(135 g/L) as determined by an electronic particle counter. Which of the following is the best
explanation for these results?

a electrical interference

b lipemia

¢ high anticoagulant to blood ratio
d ahigh coincidence rate

The following results were obtained on an electronic particle counter:

wacC: 6.5x 103/uL (6.5 x 10%/L)
RBC: 4.55x 108/uL (4.55 % 10'3/L)
Hgb: 18.0 g/dL (180 g/L)

Hct: 41.5%

MCV:  90.1 pm? (90.1 fL)

MCH: 38.6pg

MCHC: 43.4%

The first step in obtaining valid results is to:

a perform a microhematocrit

b correct the hemoglobin for lipemia
¢ dilute the blood

d replace the lysing agent

On an electronic particle counter, if the RBC is erroneously increased, how will other parameters
be affected?

a increased MCHC

b increased hemoglobin
¢ decreased MCH

d increased MCV

On setting up the electronic particle counter in the morning, one of the controls is slightly below
the range for the MCV. Which of the following is indicated?

call for service

adjust the MCV up slightly
shut down the instrument
repeat the control

|-V - ol )
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361 The following results were obtained on an electronic particle counter:

WBC: AT

RBC: 2.01 x 108/uL (2.01 < 10'3/L)
Hgb: 7.7 g/dL (77 g/L)

Hct: 28.2%

MCV: 141 pm?3 (141 L)
MCH: 3B8.5pg
MCHC: 23.3%

What step should be taken before recycling the sample?

a clean the apertures
b warm the specimen
¢ replace the lysing agent
d dilute the specimen

362 In an electronic or laser particle cell counter, clumped platelets may interfere with which of the

oy following parameters?

a white blood cell count
b red blood cell count

¢ hemoglobin

d hematocrit

363 Which of the following will not cause erroneous results when using a phase optical system for

enumerating platelets?

a incipient clotting

b decreased hematocrit

¢ Howell-Jolly bodies

d leukocyte cytoplasmic fragments

364 The most common cause of error when using automated cell counters is:

contamination of the diluent

inadequate mixing of the sample prior to testing
variation in voltage of the current supply

a calibrating error

At Te

365 On an electronic cell counter, hemoglobin determinations may be falsely elevated due to the

muv presence of:
a lipemia or elevated bilirubin concentration
b adecreased WBC or lipemia
¢ an elevated bilirubin concentration or rouleaux
d rouleaux or lipemia

366 The calculated erythrocyte indices on an adult man are MCV = 89 fL, MCH = 28 pg and MCHC = 38%.

MLS

v The calculations have been rechecked; erythrocytes on the peripheral blood smear appear normocytic

and normochromic with no abnormal forms. The next step is to:

report the results

examine another smear

repeat the hemoglobin and hematocrit
repeat the erythrocyte count and hematocrit

[- P -
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367 The following results were obtained on an electronic particle counter:

MLS
ONLY WBC: 61.3x 10%/uL (61.3x 10%/1)

RBC: 1.19 x 108/l (1.19 % 10°2/L)
Hgb: 6.9 g/dL (99 g/L)
Hct: 21%

MCV: 125 um?3 (125 fL)
MCHC:  54.1%

What action should be taken to obtain accurate results?

a dilute the specimen and recount

b warm the specimen and recount

¢ check the tube for clots

d clean the aperture tubes and recount

368 A properly functioning electronic cell counter obtains the following results:
MLS

awLy WBC: 5.1 % 10%/uL (5.1 x 10%/L)
RBC: 4.87 x 108/pL (4.87 x 10'3/L
Hgb: 16.1 g/dL (161 g/L)

Hct: 39.3%

MCV:  82.0um? (82.0 fL)
MCH: 33.1pg

MCHC: 41.3%

What is the most likely cause of these results?
a lipemia

b cold agglutinins

¢ increased WBC

d rouleaux

369 Refer to the following illustration:

REL

50100 200 300 400

50 100 200 300

2 10 20  umt

Which area in the automated cell counter histogram represents the RBC distribution curve?

a A

[- "
DO w
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370 Refer to the following illustration:

REL
NO

300

Which area of the automated cell counter histogram indicates the lymphocyte curve?

a A
b B
c C
dD

371 Refer to the following illustration:

RELA o

50100 200 300 400

50 100 200 300

2 10 20 pmd

Which area of the automated cell counter histogram indicates the nonlymphocyte curve?

a B
b C
¢ D
d E

372 Hemoglobins are read on a photoelectric colorimeter in the laboratory. While reading the

Mury hemoglobins, a problem of drifting is encountered. To assess the problem, the first thing to do is:

recalibrate the instrument
check the filter

set up new hemoglobin samples
check the light source

an oo
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373 The photo-optical method of endpoint detection is described as:

a change in optical density as a result of a fibrin clot

b measurement of tubidity of antigen-antibody formation

¢ decreased motion of a mechanical ball

d color-producing chromophor
374 In laser Alow cytometry, histograms combining the data from forward angle light scatter with
oy the data from right-angle light scatter permit the operator to:

a quantitate cell surface protein

b determine absolute cell size

¢ distinguish internal cell structures

d differentiate cell populations from one another

375 In immunophenotyping by flow cytometry the emitting fluorescence intensity is proportional

MLy
oniy  to the:

a DNA content in the cell

b amount of cell surface antigen
¢ RNA content in the ceil

d size of the cell nucleus

376 The ideal capillary blood collection site on a newborn is:

a tip of the thumb

b earlobe

¢ plantar surface of the heel
d the great toe

377 When evaluating a smear for a reticulocyte count, the technician observes that the red blood cells
are overlapping throughout the entire slide. The most likely explanation is:

a grease on the slide prevented even spreading

b improper proportions of blood and stain were used
¢ the slide was dried too quickly

d the drop used for the slide preparation was too large

378 If a blood smear is dried too slowly, the red blood cells are often:

a clumped
b crenated
c lysed

d destroyed

379 A citrated blood specimen for coagulation studies is to be collected from a polycythemic patient.
The anticoagulant should be:

the standard volume
reduced in volume
changed to EDTA
changed to oxalate

-V - o

380 Blood collected in EDTA undergoes which of the following changes if kept at room temperature
for 6-24 hours?

increased hematocrit and MCV
increased ESR and MCV
increased MCHC and MCV

decreased reticulocyte count and hematocrit

an oe
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382

383

384
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The specimen of choice for preparation of blood films for manual differential leukocyte counts is
whole bloed collected in:

a EDTA
b oxalate
¢ citrate
d heparin

A platelet determination was performed on an automated instrument and a very low value was
obtained. The platelets appeared adequate when estimated from the stained blood film. The best
explanation for this discrepancy is:

a many platelets are abnormally large

b blood sample is hemolyzed

¢ white cell fragments are present in the blood
d red cell fragments are present in the blood

When platelets concentrate at the edges and feathered end of a blood smear, it is usually due to:

a abnormal proteins

b inadequate mixing of blood and anticoagulant
¢ hemorrhage

d poorly made wedge smear

Platelet satellitosis is usually due to:

a abnormal proteins

b inadequate mixing of blood and anticoagulant
¢ hemorrhage

d poorly made wedge smear

On a smear made directly from a finger stick, ro platelets were found in the counting area.
The first thing to do is:

a examine the slide for clumping
b obtain another smear

¢ perform a total platelet count
d request another finger stick

The anticoagulant of choice for routine coagulation procedures 1s:

a sodium oxalate
b sodium citrate
¢ heparin

d sodium fluoride

A blue top tube is drawn for coagulation studies, the sample is a short draw results may be:

falsely shortened
correct

unable to be obtained
falsely prolonged

RO TS

The 1S} in the INR represents the reagents:

a activator

b specificity

¢ phospholipids
d sensitivity
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389 Which of the following is the standard calibration method for hematology instrumentation
MLS

ony against which other methods must be verified?

a latex particles of known dimension

b stabilized red cell suspensions

stabilized 7 parameter reference controls
d normal whole blood

2]

390 Refer to the following illustration:

DNLY REL
NOBE .

50100 200 300 400

—

50 100 200 300

<E
2_10_20  mw
Which area of the automated cell counter histogram represents the platelet distribution curve?
a A
b B
c C
d E

391 Using automated coagulation instruments, duplication of normal tests is no longer
Onty appropriate because:

the laboratory can document precision by collecting data to reflect precision performance
all technologists on all shifts can be taught quality control

it is difficult to have duplicates done in a blind fashion

one technologist can monitor quality control

- "R - o ]

392 When reviewing results on a Factor VIII the following results were obtained:
3
ONY 1010 = 50%
1:20=77%
1.40 = 120%

1:80 = 127%

This demonstrates the presence of a(n):
inhibitor

deficiency

clot

improper draw

- ]

an
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393 The following CBC results were obtained from an automated cell counter on a patient sample with

MIS  lipemic plasma:

WBC: 7.2 % 103L (7.2 % 108/L)
RBC: 3.50 x 1064uL (3.50x 1012/1)
Hgb: 13.8 g/dL (138 g/L)

Het 33.5%

MCV: a2 ym?3 (92 f1)

MCH: 334pg

MCHC: 41.0%

Which of the following tests would probably be in error?

a WRBC, RBC, MCV
b RBC, Het, MCV

¢ RBC, Hgb, Het

d Hgb, MCH, MCHC

304 On Monday a patient’s hemoglobin determination was 11.3 g/dL (113 g/L), and on Tuesday it
measured 11.8 g/dL (118 g/L). The standard deviation of the method used is +0.2 g/dL (2 g/L).
Which of the following can be concluded about the hemoglobin values given?

a one value probably resulted from laboratory error

b there is poor precision; daily quality control charts should be checked

¢ the second value is out of range and should be repeated

d there is no significant change in the patient's hemoglobin concentration
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1d 59 d 117 a 175 d 233 d 291 d 349 ¢
2 b 60 a 118 b 176 ¢ 234 b 292 a 350 a
3a 61 d 119 b 177 d 235 ¢ 293 d 351 b
4 b 62 d 120 a 178 a 236 a 294 a 352 d
5b 63 b 121 ¢ 179 b 237 a 295 b 353 a
a 6 d 64 d 122 d 180 b 238 d 296 ¢ 354 b
S 7 ¢ 65 a 123 b 181 d 239 ¢ 297 a 355 ¢
e 8d 66 a 124 b 182 b 240 a 298 a 356 b
3 9 a 67 d 125 ¢ 183 d 241 b 299 a 357 b
@ 104d 68 d 126 d 184 a 242 d 300 d 358 b
E 11 d 69 b 127 b 185 d 243 b 301 ¢ 359 ¢
@ 124d 70 ¢ 128 b 186 d 244 a 302 d 360 d
¥ 13d 71 ¢ 129 ¢ 187 d 245 b 303 d 361 d
| 14 b 72 a 130 188 ¢ 246 a 304 ¢ 362 a
% 15 d 73 ¢ 131 ¢ 189 d 247 b 305 ¢ 363 b
> 16 d 74 a 132 a 190 ¢ 248 d 306 ¢ 364 b
17 a 75 b 133 4 191 ¢ 249 ¢ 307 d 365 a
?.'; 18 b 76 b 134 d 192 a 250 a 308 ¢ 366 ¢
19 ¢ 77 b 135 ¢ 193 a 251 ¢ 309 d 367 b
E 20 a 78 a 136 ¢ 194 d 252 b 310 a 368 a
8 21 a 79 a 137 a 195 ¢ 253 d 311 b 369 d
<€ 2 80 4 138 d 196 d 254 ¢ 312 a 370 b
" 23 b 81 a 139 d 197 d 255 ¢ 313 b 371 b
24 b 82 d 140 a 198 b 256 a 314 a 372 d
25 b 83 ¢ 141 b 199 d 257 ¢ 315 d 373 a
26 b 84 a 142 a 200 a 258 & 316 b 374 d
27 b 85 ¢ 143 b 201 a 259 ¢ 317 ¢ 375 b
28 b 86 b 144 ¢ 202 d 260 b 318 d 376 ¢
29 ¢ 87 a 145 4 203 b 261 b 319 d 377 d
30 d 88 d 146 b 204 b 262 d 320 a 378 b
31 d 89 ¢ 147 ¢ 205 a 263 ¢ 321 a 379 b
32 b 90 b 148 ¢ 206 d 264 ¢ 322 b 380 a
33 ¢ 91 d 149 b 207 b 265 a 323 b 381 a
34 ¢ 92 ¢ 150 d 208 a 266 b 324 ¢ 382 a
35 b 93 d 151 a 209 b 267 a 325 b 383 d
36 b 94 d 152 b 210 d 268 ¢ 326 a 384 a
37 d 95 a 153 b 211 a 269 b 327 ¢ 385 a
38 a 96 d 154 a 212 ¢ 270 d 328 ¢ 386 b
39 d 97 ¢ 155 b 213 ¢ 271 ¢ 329 ¢ 387 d
40 a 98 a 156 ¢ 214 a 272 d 330 b 388 d
41 b 99 b 157 ¢ 215 ¢ 273 b 331 ¢ 389 d
42 ¢ 100 a 158 b 216 a 274 4 332 a 390 d
43 a 101 ¢ 159 a 217 ¢ 275 d 333 ¢ 391 a
44 d 102 d 160 b 218 ¢ 276 d 334 ¢ 392 a
45 a 103 d 161 b 219 b 277 a 335 ¢ 393 d
46 b 104 d 162 d 220 a 278 b 336 d 394 d

47 a 105 a 163 d 221 b 279 a 337 ¢

48 d 106 a 164 d 222 b 280 d 338 d

49 d 107 d 165 ¢ 223 a 281 d 339 b

50 d 108 a 166 ¢ 224 b 282 ¢ 340 a

51 ¢ 109 ¢ 167 ¢ 225 ¢ 283 a 341 d

52 a 110 a 168 a 226 ¢ 284 d 342 &

53 ¢ 111 b 169 b 227 d 285 d 343 d

54 ¢ 112 b 170 d 228 a 286 b 344 b

55 ¢ 113 ¢ 171 b 229 d 287 a 345 b

S6 b 114 d 172 b 230 a 288 ¢ 346 b

57 ¢ 115 b 173 d 231 b 289 a 347 ¢

58 ¢ 116 d 174 ¢ 232 b 290 d 348 a
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3: Hematology | Erythrocytes: Physiology

Answers

Erythrocytes: Physiology

1

2

d Morphological identifiable
perinuclear halo.
|McKenzie 2002, pp108-109]

b Correct order of heme synthesis.

ﬂ,‘;‘]’:y [Harmening 2002, p103]

3

4, ]

(=]

a % iron in body bound to Hgb.
[Harmening 2002, p64]

b Maintains in Fe** form by V\;'ay of
reduced glutathione.
[Harmening 2002, p68]

b Development time line of production of
Hgb alpha chains.
{Harmening 2002, p66]

d Development time line of production of
Hgb beta chains.
{Harmening 2002, p6]

¢ Development time line of production of
Hgb gamma chains.
|Harmening 2002, p66]

d Development time line of production of
Hgh delta chains.
|Harmening 2002, p66|

a  Development time line of production of
Hgb epsilon chains.
|Harmening 2002, p&8|

10 d Functional form of Fe (reduced).

|Harmening 2002, p68]

11 d RBC morphology; disease state

12 d

identification.
|[Rodak 2007, p223]

Impaired DNA synthesis = macrocytes.

Sy |Rodak 2007, p227]

13 d Major site of destruction of senescent

red blood cells.
IRudak 2007, pS0]

14 b Normal degradation products of red

blood cells.
{Rodak 2007, p30]

15 d Pormed with oxidization of Fe and

formation of methemoglobin.
(Rodak 2007, p299]

%5 d RBC membrane defect (DAF) increases
Ry susceptibility to complement mediated lysis.

{Rodak 2007, p302)

17
18

19

20

MLS
ONLY

a  Primary functions of red blood cells.
[Rodak 2007, p77)

b  Erythropoietin action.
(Rodak 2007, p267]

¢ May be referred to as hyperchromic
because of decreased MCHC.
[McKengie 2002, p175)

a Hemochromatosis results in iron
deposited in tissues.
|[Rodak 2007, p242)

Erythrocytes: Disease States

21

M1S
ONLY

22

MI1S
ONLY

23
MLS
ONLY

24
MIS
ONLY

25

MIsS
ONLY

26

MLS
ONLY

27

28

MILS
ONLY

29

30

31
MLS
ONLY

32

a Ironloss with loss of blood.
|Redak 2007, p476]

¢ Positive DAT.
[Rodak 2007, p292]

b  Serum Fe levels low due to sequestration
in macrophages and hepatocytes.
[Rodak 2007, p137)

b Erythropoietin production questionable
in chronic renal disease.
[Rodak 2007, p267]

b Sickle cell disease, effect on lab results.
(Rodak 2007, p340|

b Bone marrow, how affected by uremia.
[Rodak 2007, p68|

b RBC membrane defects are common to
PNH, HS, and HE.
[Rodak 2007, p287]

b Iron studies—Ilab results.
[Rodak 2007, p237]

¢ Iron studies: microcytic hypochromic
anemia results in a decrease in serum and
storage iron, but an increase in TIBC.
[Rodak 2007, p236]

d Chronic blood loss frequently results in
iron deficiency anemia.
|Rodak 2007, p236]

d FEP-thalassemia.
[Rodak 2007, p368]

b Mechanism of genetic abnormality
in thalassemnia reduces giobin chain
production.

|Redak 2007, p356]
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Answers

33

MLS
ONLY

34

38

39
MILS
aNLY

40

41

42

MLY
ONLY

43

Ml
ONLY

45

46

MLs
anly

47
MLS
ONLY

¢ Thalassemia with elevated Hgb F and
normal Hgb Aj levels.
(Rodak 2007, p363|

¢ Anemia related to uremia has normal-
sized, normochromic cells; it is the number
of RBCs that is decreased.

[Rodak 2007, p227)

b  Hemolytic anemia—laboratory results.
[McKenzie 2002, p306]

b G-6-PD deficiency.
[McKenzie 2002, p336)

d G-6-PD deficiency—hemolytic stimulus.
[McKenzie 2002, p337)

a  G-6-PD deficiency—anti-malarial drugs.
[McKenzie 2002, p336]

d Autoimmune hemolytic anemia: +DAT
is characteristic,
|[McKenzie 2002, p351|

a Patients with pernicicus anemia have
fewer of all types of blood cells, but they are
abnormally large.

[McKenzie 2002, pp274-275)

b Anemia differentiation—vitamin By,
deficiency results in pernicious anemia
{pancytopenia, macrocytosis).

[McKenzie 2002, p267)

¢ Anemia differentiation—B/folate.
[McKenzie 2002, p267|

a Folate deficiency—peripheral smear will
show abnormally large RBCs.
[Rodak 2007, pp251-252]

d Pernicious anemia is a pancytopenia
with low cell production.
[McKenzie 2002, p267|

a  Myelofibrosis is often accompanied by
folate deficiency, which causes macrocytic
anemia.

{McKenzie 2002, p272)

b Megaloblastic anemia is caused by
impaired DNA synthesis.
{Rodak 2007, p250]

a  Megaloblastic anemia laboratory results
include low platelet and neutrophil counts.
{Rodak 2007, p250|
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43

49

50

51

ML
CNLY

52

53

ONLY

59

MLE
ONLY

60

MILE
ONLY

61
MLs
ONLY

d Iron studies in anemia of chronic
disease show decreased serum iron and
transferrin saturation; TIBC may be
decreased as well.

[Rodak 2007, p238|

d Morphology in Hgb C disease.
[Rodak 2007, p344|

d Thalassemia cause.
|Redak 2007, p356]

¢ Thalassemia minor—laboratory results.
[Rodak 2007, p360]

a Hereditary spherocytosis—Ilab results.
|Rodak 2007, p291|

¢ Polycythemia, in burn patient.
[Harmening 2002, p345|

¢ Lead poisoning—basophilic stippling.
[Redak 2007, p23Y|

¢ Erythroleukemia: morphology.
|Rodak 2007, pSC1]

b Erythroleukemia: morphology.
[Rodak 2007, p501)

¢ Low M:E ratio is seen in
erythroleukemia.
(Rodak 2007, pS0t|

¢ RBC morphology in lead poisoning.
|Rudak 2007, p239]

d Erythrocytosis: congenital heart defect.
[Harmening 2002, p345]

a Absolute reticulocyte count.
[Harmening 2002, pS71]

d Polycythemia—diagnosis.
|Rodak 2007, p478|
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Answers

Erythrocytes: Laboratory Determinations

62

63

64

65

66

67

MLS
ONIY

68

69

70

71

72

73

d Ininfectious mononucleosis, the
leukocyte is usually increased due to an
absolute lymphocytosis. The platelet count is
often mildly decreased.

| McKenzie 2002, p406]

b When the shape or size of the red
blood cells prevents rouleaux formation a
decreased or low ESR is expected. This is
observed with sickle cells, acanthocytes,
and spherocytes.

|Harmening 2002, p576}

d Patients unable to synthesize normal
amounts of hemoglobin show reduction in
the MCH.

|Hillman 2005, p16]

a RDW-CVis a new parameter available
from automated instruments.
|Hillman 2005, pp16 17]

a Tilting of the tube accelerates the fall of
the red blood cells.
| Turgeon 20415, pp443-445]

d Red blood cell morphological features of
malarial species.
[Turgeon 2005, p106]

d  The absolute concentration of each type
of cell in a WBC differential is important for
determining an increase or decrease.
[McKenziv 2002, pB8i

b Reticulocytes appear as
polychromatophilic red blood cells on a
Romanowsky-stained blood smear. These
cells are usually larger than normal cells
with a bluish tinge. The bluish tinge is
caused by the presence of residual RNA in
the cytoplasm.

|McKenzie 2002, pt 78]

¢ Recognize the laboratory findings in
megaloblastic anemia.
|[McKenzie 2002, pp266-267|

¢ Newborn infants have elevated
reticulocyte counts.
[McKenzie 2002, Table A)

a Recognize spherocyteson a
blood smear.
[McKenzie 2002, p175]

€ Use knowledge of RBC indices to
classify anemia.
[MeKenzie 2002, pp182-183]

74

75

76

77

78

79

80

81

82

83

a Polychromatophilic red blood cells and
basophilic stippling can be associated with
accelerated heme synthesis.

| Turgeon 2005, p104}

b Hgb C crystals can be seen in
patients with Hgb C disease, more
often in individuals who have
undergone splenectomy.
|Harmening 2002, ppl76-177|

b Rouleaux and an increased
sedimentation rate are caused by
increased fibrinogen and/or with
increased immunoglobulin.
[Harmening 2002, p576)

b The peripheral smear allows microscopic
examination of the blood cells. The most
characteristic finding in multiple myeloma is
rouleaux formation of the red cells.
[Harmening 2002, p3R6)

a The National Polycythemia Vera

Study group criteria for the diagnosis of
polycythemia vera include increased red cell
mass, increased platelet count, increased
LAP score.

[Turgeon 2005, pp305 306|

a Increase in both myeloid and
erythroid precursors.
{McKenzie 2002, p152|

d Patients who have suffered severe
burns to more than 15% of their body
generally show evidence of intravascular
hemolysis. RBCs show changes
including fragmentation, budding and
microspherocytes formation.

[Harmening 2002, p221}

a RBC morphologic features of
erythroleukemia include nuclear budding
and fragmentation, cytoplasmic vacuoles,
Howell-Jolly bodies, ringed sideroblasts and
megaloblastic changes.

[McKenzic 2002, p565]

d Rouleaux is the stacking of red cells like
coins and is caused by increased amounts of
immunoglebulins in the blood causing the
RBCs to adhere to each other.

|Harmening 2002, p3&6|

¢ Inpatients with cold agglutinins,

the automated cell counters show an
erroneously elevated MCV and an
erroneously decreased red blood cell count
due to clumping of the red cells.

[Harmening 2002, pp209-210)
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84 a Laboratory findings in iron deficiency
My anemia include decreased serum iron,

Answers

95 a Hgb H disease occurs when 3 of 4 alpha
onry genes are deleted.

Answers-Hematology

o
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c=z
z
=
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o]

87
ML
DNLY

serum ferritin, % transferrin saturation
and increased TIBC, FEP, and serum soluble
transfetrin receptor levels.

[Harmening 2002, pp104-106)

¢ Secondary hemochromatosis is
associated with anemia with abnormally
high serum iron studies.

IMcKenzie 2002, p211]

b Turbidity in cyanmethemoglobin
reagent-patient specimen will result in
falsely elevated hemoglobin values.
[McKenzie 2002, p133)

a  Hgb A; is increased in beta thalassemia,
but decreased in alpha thalassemia.
[MeKenzie 2002, p244]

96

97

98

99

Mls
ONLY

[McKenzie 2002, p246]

d The low hemoglobin can result in a
false-negative result.
| Turgeon 2005, p451]

¢ Inbeta-thalassemia major, reduced
synthegis of beta chains affects the
production of Hgb A. Hgb A; and Hgb F are
increased and Hgb A decreased.

[McKenzie 2002, pp250-251)

a Electrophoretic pattern for sickle trait
on cellulose acetate.
{McKenzie 2002, pp806-807|

b Hgb E trait has approximately 70% Hgb
A and 30% Hgb E plus Aj. ’
|Harmening 2002, p177)

88 d . Hgb C.CWSMIS o be seen in 100 a Using RBC indices to classify anemia.
patients with Hgb C disease, more i )
often in individuals who have McKenzie 2002, pp167-181]
undergone splenectomy. 101 ¢ Calculating RBC indices.
[Harmening 2002, ppl75-177| [McKenzie 2002, ppl67- 164
89 ¢ The Kleihauer-Betke procedure is 102 d Any turbidity in the
commonly used as a screening test to cyanmethemoglobin reagent-
determine the amount of fetal blood that patient specimen will result in falsely
has mixed with maternal blood. elevated values.
[Turgeon 2005, p84| tMcKenzie 2002, p133)
30 b The solubility test is a rapid test for Hgb 103 d  Autoagglutination of anticoagulated
S. This should not be used for screening blood can occur at room temperature in
newborns, needs to be corrected in severe patients with a cold autoagglutinin. The
anemnia and is not specific for Hgh S as MCV will be falsely elevated and the RBC
there are other hemoglobins that will sickle, count falsely decreased, resulting in an
| The presence of Hgb S is confirmed by elevated MCHC. The blood sample should be
(Hg hemoglobin electrophoresis. warmed to 37° and rerun.
E & [McKenzie 2002, p229] [Harmening 2002, p210|
' I 91 d Hemoglobin concentration is calibrated 104 d Autoagglutination of anticoagulated
|8 | using commercially available HiCN solutions blood can occur at room temperature in
i of known content. patients with a cold autoagglutinin. The
[ r" 'I [Steine-Martin 1998, pp65-66) MCV will be falsely elevated and the RBC
il | . count falsely decreased, resulting in an
23 ¢ Indelta-beta thalasse.mm, one or I?Oth elevated MgHC. The blood sampgle should be
ony of the gamma genes remain, resulting in o
warmed to 37° and rerun.
100% Heb E [Harmening 2002, p210]
[McKenzie 2002, p255]| 0P
; 93 d Hgb H does show increased oxygen 105 ;I gutoagglutm:ltlon Oi antlcoatgtiljli:;d
A3, atfnity 10« that of Hgh A ood can occurat room temperature
1! (McKenaie 2002, p247] patients with a cold autoagglutinin. The
‘ . ' MCV will be falsely elevated and the RBC
(l 94 d Inthe Black and Swiss types of HPFH, count falsely decreased, resulting in an
: omty both gamma and alpha chains are produced elevated MCHC. The blood sample should be

in approximately equal amounts.
[McKenzie 2002, p257]
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Answers

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

a  LAP activity may be increased in
polycythemia vera.
|Harmening 2002, p344)

d Calculation of RBC indices.
[Harmening 2002, pp573-574]

a  Calculation of RBC indices.
[Harmening 2002, pp573-574]

¢ Calculation of RBC indices.
|Harmening 2002, pp573-574)

a Calculation of RBC indices.
[Harmening 2002, pp573-574]

b Calculation of RBC indices.
|[Harmening 2002, pp573-574)

b Calculation of RBC indices.
|Harmmening 2002, pp573-574]

¢ Calculation of REC indices.
[Harmening 2002, pp573-574]

d Calculation of RBC indices.
|Harmening 2002, pp573-574)

b Calculation of RBC indices.
|[Harmening 2002, pp573-574|

d Calculation of RBC indices.
{Harmening 2002, ppS73-574]

a The principle screening test would be

a peripheral smear and RBC indices. The
confirmatory osmotic fragility is frequently
a reference lab only test.

[McKenzie 2002, p318]

b The sucrose hemolysis test is still
sometimes used for screening; however,
the most accurate measurement

is immunophenotyping.

|McKenzie 2002, pp325-327}

b Sideroblasts and siderocytes may be
identified with Perl Prussian blue iron stain.
|McKenzie 2002, pp180, 126]

a  Using a supravital stain, residual
ribosomal RNA is precipitated within
the reticulocytes.
|M¢Kenzie 2002, p135)

¢ Using a supravital stain {new methylene
blue}, residual ribosomal RNA is precipitated
within the reticlocytes.

[McKenzie 2002, p135)

d  Prussian blue stain is used for assessing
iron stores in bone marrow.
|McKenzie 2002, pp154-155)

123

124

125

b Prussian blue stain is used to
differentiate siderotic granules
(Pappenheimer bodies) from basophilic
stippling.

|McKenzie 2002, pp154-155]

b Systemic lupus erythematosus (SLE) is
an autoimmune disease. The ANA procedure
is a screening tool for SLE.

[Turgeon 2005, p239)

¢ lIron deficiency anemia laboratory
features include: decreased RBC,
hemoglobin, MCV, MCH, MCHC, serum
iron, serum ferritin % saturation, bone
marrow iron stores; and increased RDW,
TIBC, FEP and serum soluble transferrin
receptor levels.

[Harmening 2002, p108}

Leukocytes: Physiology

126

127

128

129

130

131

MLE
ONEY

132

133

134

135

136

4 Morphology of Dshle bodies.
[CAP 1998, ppé2-47]

b Anincreased amount of cytoplasmic
basophilia in a blood cell indicates decreased
cytoplasmic maturation.

|CAP 1998|

b  Definition of left shift,
|CAP 1998, pp158-162]

¢ Dehnition of leukoerythroblastosis.
[Morris 2006, pp561-562]

¢ Lymphocyte function.
|Alberts 2008, p1539)

¢ 'The intermediate stage in the formation
of the fibroblast is the peripheral blood
monocyte.

|Alberts 2008, pr450|

a  Secondary granule appearance in
neutrophils.
(CAP 1998, pp16-17]

d Normal bone marrow differential.
[Marris 2006, pp24-26)

d  Definition of absolute neutrophilic
leukocytosis.
| Merris 2006, pp913-916]

¢ Definition of leukocytosis.
[Morris 2006, pp913-916|

¢ Definition of relative neutrophilic
granulocytosis.
IMorris 2008, pp913-916]
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Answers

137 a Definition of relative lymphocytosis.
[Morris 2006, pp1087-1089|

138 d TdT staining in lymphoblasts.
[Morris 2006, pp1042-1044]

139 d Definition of multipotent stem cell.
{Alberts 2008, pl450]

140 a Philadelphia chromosome composition.
[Morris 2006, pp1238-1246)

141 b Phagocytosis is performed by
granulocytes.
|Alherts 2008, p1524]

142 a Glucocorticoid-induced neutrophilia.

MES | Morris 2006, pp8S7-858]

143 b Immediate type hypersensitivity
MI¥ reaction, cell types involved in .
[Goldsby 2003, pp362-375

144 ¢ Hypersegmented neutrophils in
pernicious anemia.
[CAP 1998, pp52-53; Murris 2006, p487]

Answers-Hematology

Leukocytes: Disease States

145 & Differentiates anemia due to
conditioned nutritional deficiency from
those of bone marrow dysfunction.
[McPherson 2007, ppa08-514]

146 b Demonstrates CGL as having
predominant myeloid cell line.
[McPherson 2007, p5594

147 ¢ Recall of FAB classification.
Mty [Lee 1999, pp2211-2212)

148 ¢ Differentiates this from other myeloid
leukemias or other red cell abnormities.
{MecPherson 2007, p569|

149 b Recognizes multiple causes impacting
granulocyte production.

[McPherson 2007, p548]

d Classic feature discriminates
AGL from other types of erythroid/
myeloid metaplasia.

[McPherson 2007, p566|

151 a Lab findings, increased WBC but with
increased LAP; negative Philadelphia
chromosome differentiates leukemoid
response from leukemia.

[McPherson 2007, p547]

150
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152 b Identifies predominant ceil line
impacted in viral response.
[McPherson 2007, p5551

153 b Delineates pathophysiology of initial
B-cell proliferation in EBV infection.
{McPherson 2007, p555]

154 a T-cell activation follows during second
week of IM in response to the EBV induced
B-cell infection and activation.

[McPhersen 2007, pS55]

155 b Differentiates CMV as most common of
viral diseases that lacks serological evidence

of infection.
[McPherson 2007, pS56]
156 ¢ Differentiates diseases involving
oy platelets from myelofibrosis with -
morphologically abnormal platelets.
[McPherson 2007, p561)
157 ¢ Differentiates leukemia with classic

granulocyte anomaly.
|McPherson 2007, pS50|

158 b Delineates characteristics of

M. Auer bodies.
{Williams 1972, p1393]
159 a Prognostic implications of
Mis  Philadelphia chromosome.
| Lee 1999, p2351|
160 b Identifies classic cellular findings

in CGL.
[McPherson 2007, p559]

161 b Demonstrates understanding of

My myeloid implication of skewed M:E ratio in
cellular production.
|McPhersan 2007, p547]

162 d Peripheral findings demonstrate

M condition as multiplasia, and exclude single
cell-line diseases.
[McPherson 2007, p561|

163 d  Results demonstrate a lymphoblastic
cell line and % of cases of CGL in blast phase
are consistent with ALL.

[McPherson 2007, pp559-560]

164 d >20% blasts in peripheral or marrow

ML defines blast conversion. Lab results with %
precursor and blasts identify progression of
this patient from chronic to acute phase.
|McPherson 2007, p560!

MILS
ONLY
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Answers

165 ¢ Leukopenia with immature granulocytes
in all stages, including blast with
markedly decreased LAP and Philadelphia
chromosome, positively identify CML.
Leukopenia is consistent with engorged
marrow space.
|McPherson 2007, p559)

166 ¢ Demonstrates the possible progression
of multiple myeloma.
|Lee 1999, p2646]

¢ Demonstrates nature of basophils,
[McPherson 2007, p553]

168 a Lab findings are reflective of erythroid
rather that myeloid metaplasia.

[MePherson 2007, p560)
169

MI1S
ONLY

b Demonstrates characteristics of Auer
rods.
[McPherson 2007, pp566-567)

d >20% of myeloblasts without other
immature stages differentiates AML
from CML and myeloid metaplasia;
erythroleukemia requires at least 50%
erythroid precursors in marrow.
[Mclhersan 2007, pS66|

170

171 b Recognizes myeloid predominance in
AGL would increase normal ( 2:1 to 4:1)
myeloid:erythroid ratio.

|Steine-Martin 1998, pp383 384|

172

MIX
CNLY

b Findings differentiate PML from
sideroblastic anemia, myelofibrosis and CGL.
[McPhierson 2007, pS67)

d Findings differentiate between CMML
vs CGL, PML, and myelofibrosis.
|McPherson 2007, p563|

173

174 ¢ Dehnition of ‘hiatus’ as opening
or break demonstrates the absence of
intermediate maturing cells.

|Steine-Martin 1998, p447|

175 d Classic discrimination between

CGL vs other hematological conditions:
sideroblastic anemia, PML, myelofibrosis.
[McPherson 2007, pp559 560)

176 «

MY
ONLY

Demonstrates knowliedge of disease
progression into myeloid rather than
erythroid forms.

[McPherson 2007, pS69]

177

178

179

180

181

182

183

184

185

186

187

d  Acute leukemia is characterized by

a maturation defect, whereby immature
hematopoietic progenitors cannot overcome
a block in differentiation, also known as

the leukemic hiatus.

|Marris 2006, pp1186-1187]

a Demonstrates difference between acute
vs chronic leukemias; intermediate cell
maturity seen in chronic myelogenous, but
would not predominate in erythroleukemia.
|McPherson 2007, p569]

b Discriminates between conditions due
to granulocytic precursor, which would
exclude lymphocytic leukemia.

[McPherson 2007, pp55%-562)

b Recognizes results reflect polycythemia
vera's excessive proliferation of multiphasic
cell lines (megakaryocytes, erythroid and
myelocytoid).

|McPherson 2007, pp559 561)

d Recognizes red cell increase secondary
to stimulation of excessive erythropoietin
produced in kidney.

[McPherson 2007, p5d1|

b RBC production is inversely regulated by
O, levels—O, would decrease in emphysema
{hypoxia); therefore, RBC levels would
compensate, ie, increase.

|McPherson 2007, p541)

d Discriminates between faulty function
of platelets, which would inhibit clotting and
other PCV characteristics.

[McPherson 2007, p560)|

a Hypochromic, microcytic RBC is most
commonly associated with iron deficiency,
which weuld most likely result from
repeated therapeutic phlebotomies.
|McPherson 2007, p560]

d  Smear findings demonstrate drug
impact: megaloblastic changes due to
interference with DNA synthesis {oval
macrocytes) as well as other toxic nuclear
effects (Howell-Jolly; hypersegmentation).
[Steine-Martin 1948, p451]

d Differentiates morphologic
features of IM.
IMcPherson 2007, p556]

d Discriminates between reactive cell line
and more homogenous malignant cell line.
[McPherson 2007, pp556-573)
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218

¢ T vs B origin in classification of
lymphoid conditions.
IMcPherson 2007, p571]

d Differentiation between morphologic
basis used by FAB vs WHO classification,
which focuses on cytogenetic and
molecular findings.

[McPherson 2007, p571|

¢ Differentiates ALL from other
acute nonlymphocytic leukemias and
Burkitt lymphoma.

IMcPherson 2006, ppS571; Wu 2008, p1697|

¢ Characteristics of ALL; onset highest
1-5 years of age with peak at 2-3 years of
age, presents with lethargy, fever, bone pain,
with poor prognosis under 1 year of age.

|Lec 1999, pp2242-224A|

a Recognizes ALL as possible progression
for ' of CML cases.
| McPherson 2007, pS60)]|

a Recognizes ALL as most common
malignancy of children.
|[McPherson 2007, p571|

d Discrimination of CLL from other major
mature B cell neoplasms.
[McPhersen 2007, p572|

c¢ Definition of hairy cell leukemia.
[McKenzie 2002, p590]

d Characteristics features of hairy cell
leukemia include all answers listed as well as
decreased resistance to infection.

[McFPherson 2007, p574|

d Recognition that Gaucher cell is from
lipid storage disease, not plasma cell variant.
[Steine-Martin 1998, pp505-506|

b Differentiation of most common MM
feature from others seen less frequently
{flame) or diagnostic of other disease
(Reed-Sternberg—Hodgkin lymphoma).
[Steine-Martin 1998, pp505-506]

d Recognition of Waldenstrém as a
lymphoplasmacytic lymphoma.
[McPherson 2007, ppS73-574|

a  ldentifies neoplastic cell line
(lymphocytic) and defines origin in
mycosis fungoides.

[McPherson 2007, pp582, 585|
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a Identification of condition with
morphologic alteration in neutrophils,
representing giant fused lysesomes.
|McPherson 2007, p549)

d Description of MH anomaly.
[McPherson 2007, pp549-551|

b Morphologic alteration of neutrophils;
majority of nuclei are bilobed and rounded.
[McPherson 2007, pp549-551|

b Morphologic alteration of neutrophils;
majority of nuclei are bilobed, rounded and
dumbbell-shaped.

[Steine-Martin 1998, pp364-365|

a  Giant granulocyte inclusions due to
tusion of lysosomes.
|McPherson 2007, pp549-551|

d Morphologic alteration of neutrophils—
differentiated from Chédiak-Higashi; May-
Hegglin and Pelger-Huét anomalies.
|McPherson 2007, pp549-551]

b  Morphologic alteration of neutrophils—
differentiated from Chédiak-Higashi, CML
and Alder-Reilly anomalies.

[McPherson 2007, pp549-551|

a  Morphologic alteration of neutrophils—
primary feature is hyposegmentation.
|McPhersun 2007, pp549-551]

b Identification of cellular structure
where accumulation of partially degraded
mucopolysaccharides occurs.

[Lee 1999, pt&o2|

d Discrimination of anomaly from others
involving nuclear hyposegmentation; large
granules in leukocytes; lipid storage disease.
[Steine-Martin 1998, pp364-368]

a Differentiation of lipid storage disease
from other anomalies of leukocytes,
[Steine-Martin 1998, pp364-345]

¢ Leukocyte function defect; CGD
neutrophils, eos, monos and macrophages
fail to generate superoxide, hydrogen
peroxide and other oxygen radicals after
particle phagocytosis and thus have
decreased microbicidal activity.

(Lec 1999, p18986)

¢ Primary characteristic distinguishing
May-Hegglin from other neutrophil and
lipid storage anomalies.

[McPherson 2007, pp549-551}
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Leukocytes: Laboratory Determinations

214 a Effect of conventional chemotherapy on
WBC count.
[McKenzie 2002, p494|

215 ¢ Definition of absolute neutropenia.
{McKenzie 2002, inside cover)

216 a Definition of relative lymphocytosis.
[McKenzie 2002, inside cover|

217 ¢ Correlation of gout with sodium urate
crystals.
[McKenzie 2002, p646)

218 ¢ Calculation of absolute from relative
% and WBC.
iMcKenzie 2002, inside cover|

219 b Calculation of absolute eosinophil
count.

[McKenzie 2002, inside cover|

220 a Hemocytometer calculation .
[McKenzie 2002, p130)

221 b Hemocytometer calculation .

[M¢Kenzie 2002, p130]

222 b Hemocytometer calculation .

|MeKenzie 2002, p130]

223 a WBC correction for nRBC.
[McKenzie 2002, p813)

b  WBC correction for nRBC.
[McKenzie 2002, p815]

225 ¢ WBC correction for nRBC.
IMcKenzie 2002, p815]

226 ¢ WBC correction for nRBC.
|McKenzie 2002, p&15}

224

227 d  An elevation in the MCHC occurs in
approximately 50% of individuals with
hereditary spherocytosis. Elevation in the
MCHC above the upper normal limit should
prompt an investigation of the sample for
autoantibodies that agglutinate RBC, or on
older instruments when the hemoglobin
concentration is artifactually elevated

by lipemia.

[Morris 2006, pp729-733}

228

229

230
231
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a An elevated hematocrit decreases

the amount of plasma in whole blood,

and causes an effective increase in the
amount of citrate added to that plasma.
Recalcification incompletely overcomes
the additional citrate, and prolongations in
clotting time tests can be expected, unless
the amount of citrate is adjusted for the
abnormal hematocrit.

|[Marlar 2006, pp400-403)

d  Morphology of a monocyte, although
the RBC inclusions (Pappenheimer bodies)
look more interesting.

|CAP 1998}

a Morphology of a myelocyte.
|CAP 1998]

b  Morphology of a lymphocyte.
{CAP 1998]

£3oj03emiay-siamsuy

b Morphology, recognition of
reactive lymphocytosis.
[CAP 1998]

d Morphological description of a
monocyte.
{CAF 1998]

b  Morphology of a basophil.
|CAP 19498] |

¢ Morphology of a myelocyte.
|CAP 1998; Gulati 2007, p195]

a Correlation of sepsis with a |
leukemoid reaction. [
|McKenzie 2002, p383]

|
a Morphology of reactive lymphocytes. |
1cAP 1998 .
.‘
|

d Morphology of Niemann-Pick cells. '
|CAP 1998] ‘

¢ Current T-cell markers.
[McKenzie 2002, p571) |

a Association of pseudogout with calcium
pyrophosphate crystals. [
{CAP 1998]

macrophages containing hemosiderin,

b Association of traumatic arthritis with ‘:
!
|CAP 1998] i

d Myeloperoxidase as a marker of
the granulocytic lineage. !

|McKenzie 2002, p550] | J

b Sudanophilia of myelecytes.
|McKenzie 2002, p550]
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244 a  Myeloperoxidase as a marker of
omy the granulocytic lineage.
[CAP 1998]

b Lipid sudanophilia.
Shty [McKenzie 2002, p550]

246 a
MT
LNLY

245

Cellular components identified by Sudan
black B.
[McKenzie 2002, p5SU|

247 b

MlLs
ONLY

248

ML
ONLY

ID specific esterase substrate.
[McKenzie 2002, p350]

d TRAP stain positivity in hairy
cell leukemia.

|CAP 19938

249 ¢

ML
ONLY

Mixed staining results for AML
monocytic subtypes.
|CAP 1993)

250 a Myeloperoxidase as a marker of primary
granules in granulocytes.

(CAP tuys|

251 ¢ Hypogranular pseudo Pelger-Huét cells.

Py McKenzie 2002, pp$33-544)

252 b APL morphology.

oy 1CAP 1998]

253 d AML monocytic subtypes

ony  staining results.

[CAY 1998

254 ¢ CLLlymphocytes express the pan B-cell

orry markers as well as CD 5, which is normally
not expressed in normal B cells, but is on
the surface of normal T cells.

[Marris 2006, ppl350-1351]

255 ¢  Hairy celt leukemia cells typically

Oniy express the CD 11¢ subunit of the beta-2
integrin, classified as a myeloid marker.
[Morris 2006, p1353}

256 a Inaflow cytometer, forward scatter
provides an estimate of cell volume or size.
[Morris 2006, pp28-29|

257 ¢ Inaflow cytometer, side scatter
provides an estimate of a cell complexity
or granularity.

[Morris 2006, pp28-29]|
588 d CD138, or syndecan, is expressed on
5

onwy  neoplastic plasma cells, and is useful in
the diagnosis of myeloma.

[Morris 2006, p1485|
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259 ¢ The t(8;14) typically found in

s Burkitt leukemia (ALL-L3), brings the
master cell cycle control factor &-myc on
chromosome 8 under the influence of
the strong immunoglobulin heavy chain
promoter on chromosome 14, driving
a leukemogenic process.
[Murris 2006, pp1429-1430]

b  Older and newer tests designed to
diagnose CGD are all based on redox
reactions carried out by the phagocyte
oxidase family of proteins, Deficiencies of,
or dysfunctional PHOX proteins cause CGD.
[Morris 2006, pp941-946]

260
ML
GNTY

261

Mls
ONLY

b Arylsulfatase b deficiency results
in the accumulation of protecglycans or
glycosaminoglycans in phagocytic cells
and urine.

(Stone 1998, pp207-25]

Platelets: Physiology

262 d vWF is a constituent of platelet
alpha granules, and is synthesized in
the megakaryocyte as it develops.
|McKenzie 2002, p665|

263 ¢ Nuclear maturation and division
occurs first, and is largely complete before
cytoplasmic maturation begins.

[McKenzie 2002, ppb6U-661]

264 ¢ Bone marrow and splenic macrophages
contain hemosiderin; histiocyte is
a collective term for macrophages.
|M¢Kenzie 2002, pp104, 196]

265 a Megakaryocytes are the largest cell in
the bone marrow.
{McKenzie 2002, pp661,44,103,1011

266 b  Average life span of platelets in
peripheral blood is 9.5 days.

(McRenzie 2002, pb62|

267 a  Aspirin interferes with prostaglandin
Mury  metabolism in the platelet by inhibiting

cyclooxygenase, which participates in the
conversion of arachidonic acid to protein
G2; protein G2 is necessary to produce
thromboxane, which stimulates secretion
from the platelet granules,

{McKenzie 2002, pp667-668)
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¢ Capillary fragility and bleeding time
tests evaluate vessel and platelet function;
thromboplastin is not evaluated by routine
testing procedures; prothrombin and
fibrinogen are evaluated by PT, APTT &
fibrinogen assays (fibrinogen only).
[McKenzie 2002, pp667, 785]

b  Aspirin interferes with prostaglandin
metabolism in the platelet; see answer #267.
{McKenzie 2002, pp667,688]

d Thrombocytes (platelets) participate in
several aspects of hemostasis.
|McKenzie 2002, pp659,665)

¢ ‘The peripheral zone is associated

with platelet adhesion and aggregation.
The sol-gel zone provides a cytoskeletal
system. The organelle zone contains alpha,
dense, and lysosome granules. Membranes
contain the dense tubular system.

[Rodak 2007, ppd56-458]

Platelets: Disease States

272
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ONLY
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276
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d May-Hegglin anomaly is characterized
by decreased platelet counts; the other listed
disorders do not necessarily present with
low platelet counts.

[McKenzie 2002, pp394,717]

b Acute ITP typically resolves within
weeks and is more frequently seen in
children; it is not gender-dependent; platelet
destruction is increased.

|[McKenzie 2002, pp713,714]

d  Thrombocytopenia is the most common
cause of excessive or abnormal bleeding.
[McKenzic 2002, p710]

d Neutrophilic leukemoid reaction is
characterized by an increased WBC count, a
feft shift in the differential; and an increased
LAP. Polycythemia vera is characterized

by an increased WBC count, an increased
LAP and an increased platelet count.
Leukoerythroblastosis is characterized

by nRBCs and immature WBCs on

the differential.

|McKenzie 2002, pp490, 515]

d Abnormalities in coagulation factors
and DIC are ruled out by the normal PT/
APTT and fibrinogen.

|McKenzie 2002, pp717, 748-750]
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a Patients with thrombotic
thrombocytopenic purpura {TTP)

present with platelet counts less than
20,000. Platelet thrombi are dispersed
throughout the arterioles and capillaries
subsequent to the accumulation of large
vWF multimers made by endothelial cells
and platelets. This is related to a deficiency
of ADAMTS-13.

|Ciesla 2007, p248}

b The pathogenesis of HIT is that
antibodies are produced against heparin-
platelet factor 4 complex. This complex binds
to FC receptors causing platelet activation
and the formation of platelet microparticles,
thrombocytopenia and hypercoagulability.
{Ciesla 2007, p287|

a Polycythemia vera is characterized by
increased WBC, RBC, and platelet counts.
[McKenzie 2002, p519)

d Definition of increased platelet count.
| McKenzie 2002, pp659, 718]

d Congenital spherocytosis is
characterized by an increased MCHC and

an increased reticulocyte count; reactive
thrombaocytosis is not usually accompanied
by abnormal platelets; myelofibrosis is
characterized by abnormal RBC morphology
and decreased platelets and reticulocytes.
|MeKenzie 2002, ppd) 7,515, 718]

€ MM hemorrhage is typical of platelet
disorders; remaining choices are typical of
coagulation factor disorders.

| McKenzie 2002, p705]

a Giant platelets, abnormal bleeding time,
normal aggregation with ADP, decreased
decreased platelet count are characteristic
of Bernard-Soulier.

|McKenzie 2002, pp721-722)

d Glanzmann disease is characterized

by abnormal bleeding time, abnormal ADP
aggregation, normal ristocetin aggregation
and absence of clot retraction.

[McKenzie 2002, pp672, 721,722]

d Cryoprecipitate is acceptable treatment
for vwWD, but DDAVP is preferred due to
decreased risk of bloodborne pathogen
transmission; DDAVP is most effective

in type 1 vWD patients.

iMcKenzie 2002, p736)
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Platelets: Laboratory Determinations
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287
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b  There is no indication that any part of
the procedure has been done incorrectly.
[McKenzie 2002, p132|

a  Manual chamber counts do not have a
high degree of precision or reproducibility,
and require a significant amount of time.
|McKenzie 2002, pp132, 816]

¢ Standard calculation for hemacytometer
cell count.
[McKenzie 2002, pl131]

a Platelet count matches estimate well
{average of 17.8 platelets per oil immersion
field x 20,000).

[McKenzie 2002, p144|

d Platelet clumping is reduced by
collecting sample in sodium citrate.
IMcKenzie 2002, p143]

d  Platelet satellitism is reduced by
collecting sample in sodium citrate.
|McKenzie 2002, p143|

a  An average of 5-10 megakaryocytes
are normally found in each 10x (low power
field); 100x in this question refers to 10x
objective and the 10x magnification of

the oculars.

|McKenzie 2002, p152)

d Glanzmann thrombasthenia is
characterized by abnormal aggregation to
ADP, epinephrine and collagen, but normal
aggregation with ristocetin,

[McKenzie 2002, pp722,723|

a Bleeding time (BT) assesses
platelet activity.
[MecKenzie 2002, p785]

b BT assesses platelet number and
function; platelet count only assesses
platelet number; PT and APTT do not assess
platelet number or function.

[McKenzie 2002, pp785,724]

¢ BT assesses both platelet number
and function,
[McKenzie 2002, p785]

a BT assesses platelet function; PT, TT
and PTT do not assess platelet function.
|[McKenzie 2002, p785]

a Calcium is required for
platelet aggregation.
[McKenzie 2002, pp669,6711
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a vWD is characterized by abnormal
platelet aggregation to ristocetin; normal
platelet aggregation to epinephrine, ADP
and collagen; and normal ADP amounts,
|McKenzie 2002, pp723,735]

d Hemophilia A is a coagulation
protein abnormality; it has no platelet
function abnormalities.

[McKenzie 2002, pp735,740]

¢ Curve Cshows primary platelet aggre-
gation, followed by a lack of secondary
aggregation; curve A is typical of coilagen
aggregation; curve B of normal ADP/epi
aggregation; curve D is not typical of ADP/
epi aggregation.

[McKenzie 2002, pp787,788|

d Thromboxane A; is necessary for normal
platelet aggregation,
{McKenzie 2002, pph67-670|

d vWD shows abnormal aggregation
with ristocetin and normal with the other
agonists listed.

| McKenzie 2002, pp723,735]

¢ Glanzmann thrombasthenia is an
autosomal recessive disorder. Patients will
have a prolonged bleeding time, normal
platelet count and morphology and
abnormal aggregation with all aggregating
agents except ristocetin,

|Ciesla 2007, p251]

Hemostasis

305

306

¢ Warfarin interferes with the
carboxylation of vitamin K factors by
interrupting the enzymatic phase of the
reaction. Factors are inhibited according
to their half life, VII having the shortest
(4-5 hours) and 1! the longest (2-3 days).
{Rodak 2007, p533)

¢ Vitamin K is present in green
vegetables, fish, liver and tobacco and
synthesized by bacteria in the intestine.
Naturally occurring vitamin K is fat soluble.
Warfarin is the most popular vitamin K
antagonist. Heparin inhibits Factor Xa

and thrombin.

[Rodak 2007, p532|
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307 d Factor VI] (proconvertin) is a single-
chain glycoprotein that is Vitamin K
dependent and remains stable 4-5 hours
in blood. Produced in the liver, it has the
shortest half-life; therefore, it is the first
factor affected when a Vitamin K antagonist
such as warfarin is administered.
|Southern 1995, p470)

308 ¢ The extrinsic pathway is initiated by the
release of tissue thromboplastin that has
been expressed after damage to a vessel.
Factor V1] forms a complex with tissue
thromboplastin and calcium. Factors I1
and V1] are found in the common pathway,
and Factor VIIT is in the intrinsic pathway.
(Ciesla 2007, pp237-8]

309 d Factor X1l is a contact factor, which is
activated to Factor Xlla. It is responsible
for the activation of Factor X to Factor Xla.
Fibrinogen is converted to fibrin by the
action of thrombin.

[Hodak 2007, pd71]

310 a Prothrombin is produced by the liver
cells dependent on Vitamin K as a coenzyme
for its functionality. It is released into the
blood as a zymogen as a precursor for its
active form thrombin.

[Rodak 2007, pa67|

311 b Factor V is called labile factor, because
its activity diminishes quickly at room
temperature. Factor II: prothrombin,

VII: stable factors, X: Stuart-Prower,

[Rodak 2007, pa69|

312 a Aclot is degraded by plasmin in the
fibrinolytic system. Plasminogen is the
zymogen produced when Factor Xlla
and kallikrein are produced by contact
activation.
|Raddak 2007, p477)

313 b Patients with a deficiency of Factor Xl
tend to have thrombotic complications.
They do not have bleeding problems most
likely due to the lack of activation of fibrin
lysis, also due to pathway activation of 1X by
VIla/TF complex as well as the activation of
Factor X1 by thrombin.

[Rodak 2007, pd71]

314

315

316

317

318

319

320

a Patients with a deficiency of Factor XII
tend to have thrombotic complications.
They do not have bleeding problems most
likely due to the lack of activation of fibrin
lysis, also due to pathway activation of IX by
VI1a/TF complex as well as the activation of
Factor XI by thrombin.

|Rodak 2007, p471)

d  Factors V and VII are helpful in
distinguishing between liver disease and
Vitamin K deficiency. Factor VIl is a Vitamin
K dependent factor; however, Factor V is not
and will not be decreased. Both factors will
be decreased in liver disease.

|Rodak 2007, p590)

b Liver disease affects all Vitamin K
dependent factors (I1, VI, IX, and X) which
will be decreased. Factor VIII is an acute
phase reactant that may be elevated in
liver disease.

[Rodak 2007, p590)

£3ojojemay-siamsuy

¢ Aprolonged APTT with a normal

PT denotes a problem with the intrinsic
pathway, so Factors VIIL, IX, X] would be
looked at, these deficiencies would correct
in a mixing study. A characteristic of
prekallikrein deficiency is the correction
of the PTT when incubated for 10 minutes
with kaolin, Celite*, silica, or ellagic acid.
[Bick 1992, p121}

d Warfarin is a Vitamin K antagonist;
coagulation Factors 11, VII, IX, X, Protein
C, and S are reduced as nonfunctional
molecules are produced. The rate of
reduction is based on the half-life of

the factors.

|Rodak 2007, p701]

d Long-term antibiotic therapy disrupts
normal flora, which provide a source of
Vitamin K synthesis. This results in a
Vitamin K deficiency.

[Ciesla 2007, p264|

a  All daughters of hemophiliac men
are carriers of the disease; all sons are
normal. The gene for Factor VII! lies on
the X chromosome.

[Rodak 2007, p597)
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224

a Laboratory diagnosis of hemophilia
reveals a normal PT and TT, abnormal
APTT and a decreased VIII. To distinguish
between vWD, additional testing of VIII
antigen, activity, and bleeding time should
be performed. Additional abnormalities will
help to diagnosis vWD,

|Redak 2007, p596|

b Laboratory diagnosis of hemophilia
reveals a normal PT and TT, abnormal
APTT and a decreased VIII. To distinguish
between vWD, additional testing of VIII
antigen, activity, and bleeding time should
be performed. Additional abnormalities will
help to diagnosis vWD.

{Rodak 2007, p596]

b Individuals with hemophilia B lack
Factor IX clotting factor. Symptoms
mimic hemophilia A. Treatment includes
Factor [X concentrate.

|Ciesla 2007, p262]

¢ Laboratory testing of hemophilia will
result in a prolonged APTT, resulting from
a decreased Factor VIIL. A patient with vWD
will also present with an abnormal platelet
screen (bleeding time or a PFA 100}, and an
abnormal ristocetin cofactor assay. These
tests will both be normal in hermophilia.
|Rodak 2007, p596|

b Factor XIIl activity is <5% in congenital
or acquired disorders. [n adults, bleeding is

slow and defayed. The PT, APTT, fibrinogen

and platelets will be normal.

{Rodak 2007, pt93]

a Patients suspected of a lupus
anticoagulant present with a prolonged
APTT. Laboratory assays to detect lupus
anticoagulants are the APTT, dilute Russel
viper venom test, and Kaolin clotting time.
In the presence of a LA, the mixing study
doesn't correct.

|Ciesla 2007, p287)

¢ The dissolution of clots occurs several
hours after the clot is formed, and the
key component is plasminogen. This is
converted to plasmin through TPA, This
substance is released through the activity
of endothelial damage and the preduction
of thrombin.

|Ciesla 2007, p272|
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¢ Protein C is inherited as an autosomal
dominant trait. Venous thrombi and
pulmonary emboli occur in these patients.
| Bick 1992, p272}

¢ AT inhibits the serum proteases
thrombin and Factors IXa, Xa and Xla.

AT function is enhanced by heparin,

Eactor VIII doesn't play a role in assaying AT,
{Rodak 2007, p608]

b Inatypeldeficiency of protein S, there
is a decreased activity assay. To determine
if the deficiency is a dysfunctional molecule
or a quantitative disorder, an ELISA assay
should be preformed to determine a

type 11 deficiency.

[Rodak 2007, p616|

¢ A DNA test is available to confirm the
specific point mutation of activated protein
C resistance is FVL.

[Ciesla 2007, p245|

a The laboratory profile for a patient
with acute DIC is: increased PT, APTT,
D-dimer and a decrease in platelets and
hypofibrinegenemia.

[Ciesla 2007, p275)

¢ The laboratory profile for a patient
with acute DIC is: increased PT, APTT,
D-dimer and a decrease in platelets and
hypofibrinogenemia.

[Ciesla 2007, p275|

¢ The laboratory profile for a DIC workup
includes increased PT, APTT and D-dimers,
with decreased fibrinogen and platelets.
(Ciesla 2007, p277]

¢ FEP provides all the necessary clotting
factors. However, fibrinogen is a concern,
and if the value is low and plasma volume
needs to be considered, cryoprecipitate will
provide this at a low volume.

|Rodak 2007, p624]

d PT thromboplastin reagents are
prepared from recombinant or affinity
purified tissue factor suspended in
phospholipid mixed with a buffered 0.025M
solution of calcium chloride.

|Rodak 2007, p683|

¢ The APTT reagent contains
phospholipid and a negatively-charged
particulate activator such as kaolin,
ellagic acid, or Celite®. lonic calcium and
phosphelipid are supplied as reagents.
[Rodak 2007, pps86-687|
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338 d The APTT is performed to monitor
| the effects of unfractionated heparin, to
detect factor deficiencies, and the presence
of inhibitors. The PT tests the extrinsic
pathway and requires tissue thromboplastin.
It is also used to monitor warfarin therapy.
[Redak 2007, p686|

339 b A mixing study, when corrected,
indicates a factor deficiency. Lack of
correction indicates an inhibitor. Some
inhibitors may only become evident

after the patient’s plasma is allowed to
interact with the normal plasma after
incubation. In this case, correction occurred
| immediately, as well as after incubation,

f confirming a factor deficiency.

[Rodak 2007, p593|

I 340 a Protein Cis a vitamin K dependent
protein; hence warfarin therapy will lower
levels of this protein,

[Marris 2006, pp?983-1987)

B ——

! 341 d Thrombin time is prolonged in
tury dysfibrinogenemia, fibrinogen deficiency or

b elevated FDPs. No correction when mixed
: with normal plasma indicates the presence
of an inhibitor.
[Ciesla 2007, pp591 592]

342 d A prolonged thrombin time can indicate

diminished or abnormal fibrinogen, the

presence of FDPs, paraproteins, and heparin.

i Reptilase is insensitive to the effects of

heparin, and sensitive to dysfibrinogenemia.

Therefore, when the TT is prolonged and
the reptilase test is normal, this confirms
the presence of heparin.

[Rodak 2007, pp688-9]

343 d In thrombolytic therapy, the thrombin
ory  time will be prolonged. It is reasonable to
obtain a TT 4 hours post onset of therapy
to document a systemic thrombolytic
effect. The TT should be repeated after

the streptokinase is stopped, and prior

to heparin being started. The TT should

be <2x prolonged.

, (Bick 1992, p322)

344

ONLY

b A prolonged thrombin time may

be considered evident of diminished or
abnormal fibrinogen; however, the presence
of AT activity, such as heparin, must be
ruled out.

[Rodak 2007, p688|

o
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b Ina Clauss fibrinogen, a standard
amount of thrombin is added to diluted
plasma, and the time required for clot
formation is recorded.

[Arkin 2001, pp2-15]

b If the initial APTT remains prolonged in
a mix, a second assay should be performed.
The lupus anticoagulant has multiple
targets. The second test is the DRVVT, which
triggers coagulation at Factor X.

{Rodak 2007, p6B8)

¢ D-dimers are produced from crosslinked
and stabilized fibrin clots. This clot is
dissolved by plasma and d-dimers are
released. Therefore, d-dimers suggest a
breakdown of fibrin clots, and indicate that
clots have been formed at the site of injury.
|Ciesla 2007, p273]

a D-dimers are produced from crosslinked
and stabilized fibrin clots. This clot is
dissolved by plasma and d-dimers are
released. Therefore, d-dimers suggest a
breakdown of fibrin clots, and indicate that
clots have been formed at the site of injury.
|Ciesla 2007, p273)

¢ Severe liver disease shows a decrease in
hepatic synthesis of Factors 11, VII, IX and
X, V, 1, Xi and XIl. The degree of decrease in
each of these factors will be dependent on
the degree of fibrinolysis and the degree of
elevation of factors behaving as acute phase
reactants, including Factor VIIL

[Bick 1992, p175]

a The ACT monitors high-dose heparin
therapy at clinics, bedside, cardiac
catheterization or at a surgical suite.

The Stypven time is a test using snake
venom for testing for lupus. The reptilase
time is used to distinguish between
heparin contamination and a decreased
fibrinogen level.

|Rodak 2007, p706)

b Fibrin stabilizing factor is needed

to polymerize a clot. Primary screening
tests are normal in Factor XIII deficiency.

A screening test is based on the solubility of
a fibrin clot in 5M urea.

[Rodak 2007, p523}

d Heparin acts by inhibiting thrombin and
Factor Xa, Anticoagulants, such as sedium
citrate, act by binding calcium to prevent a
blood sample from clotting.

[Rodak 2007, p704]
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353 a  The chromogenic anti-Xa assay is
the only assay available to monitor LMWH;
it may also be used to measure UFH.
The APTT can not be used to monitor
low-molecular-weight heparin therapy.
[Rodak 2007, p707)

Hematology Laboratory Operations

354 b “+++"is an indicator that the WBC
count exceeds the upper reportable limit.
|McKenzie 2002, pB49Y)

355 ¢ Low platelet count values should
be verified with a slide estimate.
{McKenzie 2002, p143)

356 b Coulter principle of particle counting,
{McKenzie 2002, pp816,817)

357 b RBC x 3 should approximately equal
omry  the Hgb; this Hgb value is likely to be falsely
high; comman causes include lipemia.

[McKenzie 2002, pp133, 849, 850]

358 b Falsely high Hgb indicated by no match
omy with Het (Hgb x 3 = Het), and high MCHC.
[McKenzie 2002, pp133,849|

359 ¢ Formulas for calculation of indices;
falsely increased RBC should not affect Hgb.
[McKenzie 2002, p134|

360 d Repeat of one out-of-range control is
the first appropriate course of action.
[McKenzie 2002, p847|

361 d “+++" indicates a WBC that is abave
the reportable range of the instrument;
dilute the sample and rerun.
[McKenzie 2002, pB49|
362 a Clumped platelets in the WBC counting
nv bath may be above the size threshold and
be counted as WBCs.
[McKenzie 2002, p851|

363 b Howell-Jolly bodies and WBC fragments
may be mistaken for platelets; clotting may
affect platelet numbers; decreased Het would
have no effect on a phase platelet count.
IMcKenzie 2002, p132]

364 b Problems with diluent contamination,
voltage variation and calibration errors
are not common and are detected by daily
quality control.

[McKenzie 2002, ppd1-42}
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a Lipemia and icterus are causes of falsely
elevated Hgb values.
[McKenzie 2002, pp133,849]

¢ Formula for MCHC calculation.
[McKenzie 2002, pp134,849]

b Combination of decreased RBC,
increased MCV and increased MCHC
is likely to be due to cold agglutinins.
|McKenzie 2002, pp356,849)

a Hgb x 3 does not match the Het.
[McKenzie 2002, pp133, 849

d Appearance of RBC histogram.
|McKenzie 2002, p818)

b  Appearance of WBC histogram.
|MeKenzie 2002, p814]

b Appearance of WBC histogram.
[MecKenzie 2002, pBLIt

d Variation in light source is a common
cause of drift in reading of results, and
should be checked first.

| Anderson 2007, pp8s-89]

a  Photo-optical endpoint is a change

in optical density. Nephelometry is an
immunometric method for measuring
proteins. Chromogenic methods employs

a color-producing substance called a
chromophore. Immunologic assays are based
on antigen-antibody reactions.

[Rodak 2007, p716]

d Principle of flow cytometry
and light scatter.
[McKenzie 2002, pa21]

b Principle of flow cytometry
and immunophenotyping.
[McKenzie 2002, p422)

¢ The heel is the preferred site for
drawing capillary blood from the newborn.
The posterior curvature of the heel should
never be used.

[Turgeon 2005, p22)

d  Too large of a drop will produce a thick
smear; slowly pushing the blood will affect
the distribution of the cells.

| Turgeon 2005, p25]

b Prolonged drying of slides will produce
erythrocyte distortion {crenated) on
microscopic examination.

[Turgeon 2005, p25|
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b Inpolycythemia, the decrease in plasma
volume relative to whole blood alters the

9 part blood to 1 part anticoagulant ratio,
falsely prolonging results. Therefore, a tube
with a reduced volume of anticoagulant

is need when the Hct is » 55%.

[Rodak 2007, p553]

a Tubes that remain at room temperature
for »5 hours have unacceptable blood

cell artifacts. This will affect the Het

and the MCV.

[Rodak 2007, p176)

a High-quality blood smears can be made
from the EDTA tube within 2-3 hours of
collecting the specimen.

[Rodak 2007, p176)

a Instruments count particles within
defined size limits. The upper limit is to
separate large platelets from erythrocytes.
Large platelets may be counted as
erythrocytes.

|Koepke 1991, p161}

d Platelet cJumping is expected if smears
are made directly from the finger. Smears
must be made promptly before any clotting
begins. 1t is important to examine the edges
for platelet clumping.

|Radak 2007, p177

a  Some patient’s blood undergoes
an in vitro phenomenon called platelet
satellitosis, which is a result of EDTA-
induced platelet clumping.

|Radak 2007, p1 76|

a Platelet clumping is expected if smears
are made directly from the finger. Smears
must be made promptly before any clotting
begins. It is important to examine the edges
for platelet clumping,.

[Redak 2007, p1771

b  Sodium citrate is the only anticoagulant
used for hemostasis testing. Sodium citrate
binds free calcium ions. EDTA inhibits the
thrombin-mediated conversion of fibrinogen
to fibrin and binds reagent calcium added to
initiate clot based tests. Heparin inhibits lla,
Xa, Xlla, Xla and IXa.

{Rodak 2007, p553]
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d Falsely prolonged results will occur

if there is too much anticoagulant for the
plasma; this also occurs with an increased
Hct. Conversely, if a tube is overdrawn, there
may be too little anticoagulant, resulting

in a clot.

{Ciesla 2007, p244]

d  The IS] represents the international
sensitivity index. The most responsive
reagents have an 1Sl of 1.

|Rodak 2007, p685)

d Whole blood calibration using fresh
whole blood specimens that have been
assayed using reference methods is the
preferred method of choice for validation.
|Koepke 1991, p51|

d Ristocetin induces a monophasic
aggregation tracing from a normal
specimen. Patients with vWD produced
a reduced or absent reaction.

| Redak 2007, p6R0]

a  Precision describes the closeness of
results obtained from repeated analysis
of the same sample. Results that are both
accurate and precise are desirable.

[Rodak 2007, pag]

a If results from a factor assay do not
lie in parallel with the reference curve, and
more than 1 result falls within the known
linear range, the presence of a coagulation
inhibitor should be suspected.

[NCCLS 1997, pé]

d Lipemia interferes with Hgb by falsely
elevating the results and the associated
parameter indices.

[Redak 2007, pS58)

d The distribution of data around the
mean is the standard deviation. Using

a specific confidence interval of 95.5%,
or 2 standard deviations, the results fall
between +0.2 (15D) or £0.4 {25D).
|Rodak 2007, p41]
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4: Immunology | Autoantibody Evaluation Questions

Immunology

The following items have been identified generally as appropriate for both entry level medical laboratory
scientists and medical laboratory technicians. Items that are appropriate for medical laboratory scientists only
are marked with an "MLS ONLY”

229  Questions 264  Answers and Explanations
229 Autoantibody Evaluation 265 Autoantibody Evaluation
240 Infectious Disease Serology 268 Infectious Disease Serology
248 Protein Analysis 271 Protein Analysis
258 Cellular Immunity and Histocompatibility 275 Cellular Immunity and Histecompatibility
Techniques Techniques

Autoantibody Evaluation
1  Antinuclear antibody tests are performed to help diagnose:

a acute leukemia

b lupus erythematosus
¢ hemolytic anemia

d Crohn disease

2 Inthe anti-double-stranded DNA procedure, the antigen most commoniy utilized is:
MLS

ONY a rat stomach tissue
b mouse kidney tissue
¢ Crithidia luciliae

d Toxoplasma gondii

3 Refer to the following illustration:

A B

@
Cc D

Which of the ANA patterns shown above would be associated with high titers of antibodies to
the Sm antigen?

a diagram A

b diagram B

¢ diagram C

d diagram D
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Sera to be tested for [FA-ANA 6 days after drawing is best stored at:

a room temperature

b 5Ct2C

¢ -70°Cin a constant temperature freezer

d -20°Cin a frost-free self-defrosting freezer

Antibodies directed at native DNA are most frequently associated with which pattern of
fluorescence in the IFA-ANA test?

a rim

b diffuse

¢ speckled
d centromere

The technologist observes apparent homogenous staining of the nucleus of interphase cells while
performing an IFA-ANA, as well as staining of the chromosomes in mitotic celis. This result is:

a indicative of 2 antibodies, which should be separately reported after titration
b expected for anti-DNA antibodies

¢ inconsistent; the test should be reported with new reagent

d expected for anti-centromere antibodies

The result of an anti-nuclear antibody test was a titer of 1:320 with a peripheral pattern. Which of
the following sets of results best correlate with these results?

anti-dsDNA titer 1:80, and a high titer of antibodies to Sm
antimitochondrial antibody titer 1:160, and antibodies to RNP
anti-Scl-70, and antibodies to single-stranded DNA

high titers of anti-S5-A and anti-$5-B

[- VRN L -l

Systemic lupus erythematosus patients often have which of the following test results?

a high titers of DNA antibody

b decreased serumn immunoglobulin levels

¢ high titers of anti-smooth muscle antibodies
d high titers of antimitochondrial antibody

Systemic lupus erythematosus patients with active disease often have which of the following
test results?

a high titers of antimicrosomal antibodies

b high titers of anti-smooth muscle antibodies
¢ marked decrease in serum CHg

d decreased serum immunoglobulin levels

Which of the following is decreased in serum during the active stages of systemic
lupus erythematosus?

anti-nuclear antibody
immune complexes
complement (C3)
anti-DNA

|-V - o ]

A positive ANA with the pattern of anticentromere antibodies is most frequently seen in
patients with:

a rheumatoid arthritis

b systemic lupus erythematosus
¢ CREST syndrome

d Sjogren syndrome
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In the indirect fluorescent anti-nuciear antibody test, a homogenous pattern indicates
the presence of antibody to:

a RNP
b Sm

¢ RNA
d DNA

In the indirect fluorescent anti-nuclear antibody test, a speckled pattern may indicate the
presence of antibody to:

a histone
b Sm

¢ RNA
d DNA

A patient has the following test results:

ANA ASO Complement RA
+, 1:320 50 Todd units decreased +

The above results could be seen in patients with:

a rheumatic fever

b rheumatoid arthritis
¢ lupus erythematosus
d glomerulonephritis

Autoantibodies in the absence of Sm are found in patients with:

mixed connective tissue disease
systemic lupus erythematosus
Crohn disease

multiple myeloma

-"R I - o]

To make a presumptive diagnosis of rheumatoid arthritis, which of the following qualitative
methods is most sensitive?

a latex agglutination

b immunoelectropharesis
¢ RID

d ELISA

Rheumatoid factor reacts with:

a inert substances such as latex

b Rh-positive erythrocytes

¢ kinetoplasts of Crithidia luciliae
d gamma globulin-coated particles

A consistently and repeatedly negative IFA-ANA is:

strong evidence against untreated SLE
associated with active SLE

characteristic of SLE with renal involvemnent
associated with lupus inhibitor

Bh o

Positive rheumatoid factor s generally associated with:

a hyperglobulinemia

b anemia

¢ decreased erythrocyte sedimentation rate
d azotemia
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The following results are from a rubella titer performed on acute and convalescent sera using
a 2-fold serial dilution:

Date tested: 1/23/04
Acute serum titer: 1:8
Convalescent serurn titar: 1:32

After evaluating the above results, the best interpretation is:

a results are consistent with active infection with rubella

b variation in the acute serum titers invalidates these results
¢ test should be repeated by a different technologist

d patient was not infected with rubella

Rheumatoid factors are immunoglobulins with specificity for allotypic determinants located
on the:

a Fcfragment of [gG

b Fab fragment of [gG

¢ Jchain of IgM

d secretory of component of [gA

Rheumatoid factor in a patient’s serum may cause a false:

a positive test for the detection of [gM class antibodies
b negative test for the detection of IgM class antibodies
¢ positive test for the detection of IgG class antibodies

d negative test for the detection of IgG class antibodies

Rheumatoid factors are defined as:

antigens found in the sera of patients with rheumatoid arthritis

identical to the rheumatoid arthritis precipitin

autoantibodies with specificity for the F¢ portion of the immunoglobulin (1gG) molecule
capable of forming circulating immune complexes only when IgM-type autoantibody is present

=N - 2]

Tissue injury in systemic rheumatic disorders such as systemic lupus erythematosus is thought
to be caused by:

a cytotoxic T cells

b IgE activity

¢ deposition of immune complexes
d cytolytic antibodies

False-positive rheumatoid factor in agglutination and nephelometric methods can be due
to elevated levels of:

a cryoglobulin

b histidine-rich-glycoprotein
€ aspartame

d Clg

An acute phase protein that binds to the membrane of certain microorganisms and activates
the complement system is:

a C-reactive protein

b tumor necrosis factor alpha

¢ neutrophils

d kinins

High titers of antimicrosomal antibodies are mest often found in:

rheumatoid arthritis

systemic lupus erythematosus
chronic hepatitis

thyroid disease

a0 o'e
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28 Which of the following is an organ-specific autoimmune disease?

MLS

ONIY & myasthenia gravis

b rheumatoid arthritis
¢ Addison disease
d progressive systemic sclerosis

29 In chronic active hepatitis, high titers of which of the following antibodies are seen?

a antimitochondrial
b anti-smooth muscle
¢ anti-DNA
d anti-parietal cell
30 Inprimary biliary cirrhosis, which of the following antibodies is seen in high titers?

MLS

oMY g antimitochondrial

b anti-smooth muscle
¢ anti-DNA
d anti-parietal cell

31 Anti-RNA antibodies are often present in individuals having an anti-nuclear antibody
immunofluorescent pattern that is:

speckled
rim
diffuse
nucleolar

G v T B

32 Anti-extractable nuclear antigens are most likely associated with which of the following
anti-nuclear antibody immunofluorescent patterns?

a speckled
b rim

¢ diffuse
d nucleolar

33  In an anti-nuclear antibody indirect immunofluorescence test, a sample of patient serum shows
a positive, speckled pattern. Which would be the most appropriate additional test to perform?

antimitochondrial antibody
immunoglobulin quantitation
screen for Sm and RNP antibodies
anti-DNA antibody using C luciliae

aLh oe

34 Anti-glomerular basement membrane antibody is most often associated with this condition:
MLs

MY & -systemic lupus erythematosus

b celiac disease

¢ chronic active hepatitis

d Goodpasture disease

35 A 25-year-old woman is seen by a physician because of Raynaud phenomenon, myalgias,

ony arthralgias and difficulty in swallowing, There is no evidence of renal disease. An ANA titer is
1:5120 with a speckled pattern with mitotic. Which of the following are also likely to be found

in this patient?
a high-level nDNA antibody and a low CHgg level
b high-level Sm antibody

¢ high-titer rheumatoid factor
d high-level ribonucleoprotein (RNP) antibody
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In pernicious anemia, which of the following antibodies is characteristically detected?

antimitochondrial
anti-smooth muscle
anti-DNA
anti-parietal cell

BN oM

Anti-phospholipid antibodies associated with autoimmune disorders tend to have
immunoglobulin (IgG) that belongs to which of the following subclasses?

a IgGland [gG3
b IgG2 and IgG4
¢ [gGl and 1gG4
d IgG2 and IgG3

The IIF staining pattern on ethanol-fixed leukocytes slides shows a perinuclear or nuclear staining
pattern. This pattern is typically is due to:

a C-ANCA
b LKM
¢ P-ANCA
d GBM

The specificity of an immunoassay is determined by the:

a label used on the antigen

b method used to separate the bound from free antigen
¢ antibody used in the assay

d concentration of unlabeled antigen

In assessing the usefulness of a new laboratory test, sensitivity is defined as the percentage of:

a positive specimens correctly identified
b false-positive specimens
¢ negative specimens correctly identified
d false-negative specimens

In the indirect immunofluorescence method of antibody detection, the labeled antibody is:

a human anti-goat immunoglobulin
b rheumatoid factor

¢ goat anti-human immunoglobulin
d complement

Which of the following describes an antigen-antibody reaction?

a the reaction is reversible

b the reaction is the same as a chemical reaction
¢ alattice is formed at prozone

d alattice is formed at postzone

The most common label in direct Auorescent antibody technique (DFA) is:

a alkaline phosphatase

b horseradish peroxidase

¢ fuorescein isothiocyanate
d calcofluor white

A substrate is first exposed to a patient’s serum, then after washing, anti-human immunoglobulin
labeled with a fluorochrome is added. The procedure described is:

a fluorescent quenching
b direct fluorescence

¢ indirect Suorescence
d fluorescence inhibition
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Avidity may be defined as the:

a degree of hemolysis

b titer of an antigen

¢ dilution of an antibody

d strength of a reacting antibody

In the interpretation of agglutination tests for febrile diseases, which of the following is of
the greatest diagnostic importance?

& anamnestic reactions caused by heterologous antigens

b rise in titer of the patient’s serum

¢ history of previous vaccination

d naturally occurring antibodies prevalent where the disease is endemic

Cholesterol is added to the antigen used in flocculation tests for syphilis to:

destroy tissue impurities present in the alcoholic beef heart extract
sensitize the sheep RBCs

decrease specificity of the antigen

increase sensitivity of the antigen

|- "o N - o ]

The strength of a visible reaction is known as:

prozone reaction
absorption
avidity

elution

- "R B - o ]

Which of the following describes an antigen-antibody precipitation reaction of non-identity?

a precipitin lines cross, forming double spurs
b precipitin lines fuse, forming a single spur
¢ no precipitin lines are formed

d precipitin lines fuse, forming a single arc

Which test has the greatest sensitivity for antigen detection?

a precipitin

b agglutination

¢ ELISA

d complement fixation

Excess antigen in precipitation gel reactions will:

a have no effect on the precipitate reaction
b not dissolve precipitate after formation

.¢ enhance the precipitate reaction

d dissolve the precipitate after formation
Soluble immune complexes are formed under the condition of:

a antigen deficiency
b antigen excess

¢ antibody excess
d complement

The visible serological reaction between soluble antigen and its specific antibody is:
sensitization
precipitation
agglutination
opsonization

RN TR
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54 The curve below was obtained by adding increasing amounts of a soluble antigen
of monospecific antiserum:
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Increasing concentration
of antigen--»

The area on the curve for equivalence precipitate is:
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S5 The curve below was obtained by adding increasing amounts of a soluble antigen t
of monospecific antiserum:
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The area on the curve where no precipitate formed due to antigen excess is:

-
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56 The curve below was obtained by adding increasing amounts of a soluble antigen to fixed volumes |
of monospecific antiserum: |
-~
S e L
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o= 1
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0
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1
Increasing concentration
of antigen--»

The area on the curve for prozone is:

a A
b B
¢ C
d D

57 The curve below was obtained by adding increasing amounts of a soluble antigen to fixed volumes
of monospecific antiserum:
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The area on the curve where soluble antigen-antibody complexes have begun to form is: ' |
A (i
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B
C
D

‘ |
Clinical Laboratory Certification Examinations 237 (1 i'




4: Immunology | Autoantibody Evaluation Questions

58 The curve below was obtained by adding increasing amounts of a soluble antigen to fixed volumes
of monospecific antiserum:

-
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The area in which the addition of more antibody would result in the formation of additional
precipitate is:

a A

b B

c C

d D

59 Refer to the following illustration:

EEE(S)
Zz

Figure 1 Figura 2 Figure 3 Figure 4

Which of the above figures demonstrates a reaction pattern of identity? 1
a Figure #1
b Figure #2
c Figure #3
d Figure #4

60 Refer to the following illustration:

5 & r
@ |
r4

Figure 1 Figure 2 Figure 3 Figure 4

Which of the above figures demonstrates a reaction pattern of nonidentity?

a Figure #1

b Figure #2 .
¢ Figure #3 £l
d Figure #4 by
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Refer to the following illustration:

EHEE()
Z

Figure 1 Figure 2 Figure 3 Figure 4

Which of the above figures demonstrates a reaction pattern showing 2 different antigenic
molecular species?

a Figure #1
b Figure #2
¢ Figure #3
d Figure #4

Refer to the following illustration:

B
Z

Figure 1 Figure 2 Figure 3 Figure 4

A nonspecific precipitin reaction is demonstrated in:

a Figure #1
b Figure #2
c¢ Figure #3
d Figure #4

A series of 8 tubes are set-up with 0.79 mL of diluent in each. A serial dilution is performed by
adding 10 pL of serum to the first tube and then transferring 10 pL through each remaining tube.
What is the serum dilution of tube 77

a 1:2.431 x10'!
b 1:2.621 x 101!
¢ 1:1.920 x 1013

d 1:2.097 x 1013

The enzyme control tube in an ASO hemolytic assay exhibits no cell lysis. What is the most likely
explanation for this?

incorrect pH of buffer

low ionic strength buffer
oxidation of the enzyme
reduction of the enzyme

anh e
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The following pattern of agglutination was observed in an antibody titration:

Twbe 1 2 3 4 58 8 7 8 9 10 "1
1+ 2+ 4+ 4+ 3+ 3+ 2+ 1+ 1+ 0 O

This set of reactions most likely resulted from:

a faulty pipetting technique

b postzoning

€ prozoning

d the presence of a high-titer, low-avidity antibody

In a positive anti-streptolysin “O” enzyme inhibition test, the patient’s:

a streptolysin "O” enzyme in the patient serum neutralizes the anti-streptolysin “O” reagent,
resulting in no hemolysis

b red bloed cells are hemolyzed by the streptolysin “O” enzyme in the reagent

¢ anti-streptolysin “O" neutralizes the streptolysin “O" reagent, resulting in hemolysis

d anti-streptolysin “O" inhibits the reagent streptolysin “0"'s, resulting in nc hemolysis -

Infectious Disease Serology

Blood is drawn from a patient for serological tests for a viral disease at the time of onset and again
4 weeks later, The results of the tests are considered diagnostic if the:

first antibody titer is 2x the second

first and second antibody titers are equal
first antibody is 4x the second

second antibody titer is at least 4x the first

[-PR I - ]

Which of the following is most useful in establishing a diagnosis in the convalescence phase of
a viral infection?

a slide culture

b serological techniques
¢ shell vial

d culture on McCoy media

The best method to detect infections due to rubella, Epstein-Barr and human immunodeficiency
viruses is:

antigen detection by EIA

cell culture

antigen detection by Western blot
antibody detection by EIA

an oW

[mmunoassays are based on the principle of:

a separation of bound and free analyte

b antibody recognition of homologous antigen
¢ protein binding to isotopes

d production of antibodies against drugs

A DPT vaccination is an example of:

active humoral-mediated immunity
passive humoral-mediated immunity
cell-mediated immunity

immediate hypersensitivity

B h oM
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72  Celis known to be actively phagocytic include:

a neutrophils, monocytes, basophils ‘ 1
b neutrophils, eosinophils, monocytes |

¢ monocytes, lymphocytes, neutrophils |

d lymphocytes, eosinophils, monocytes

|
73 The presence of HbsAg, anti-HBc and often HbeAg is characteristic of: |

a early acute phase HBV hepatitis |
b early convalescent phase HBV hepatitis
¢ recovery phase of acute HBV hepatitis |
d past HBV infection il

74 Refer to the following data: |
MT
(N5LY

HBsAg anti-HBc IgM  anti-HAV IgM

patient #1 - - +
patient #2  + + - i
patient 43 - + -

From the test results above, it can be concluded that patient #3 has:

a recent acute hepatitis A ,
b acute hepatitis B . |

¢ acute hepatitis C (non-A/non-B hepatitis) |
d chronic hepatitis B

|
75 The disappearance of HBsAg and HBeAg, the persistence of anti-HBc, the appearance of anti-HBs, .
M. and often of anti-HBe indicate: TR
i/ |
a early acute HBV hepatitis [ ;| '
b early convalescent phase HBV hepatitis |
¢ recovery phase of acute HBV hepatitis |
d carrier state of acute HBV hepatitis [
76  An example of an organ specific disease with autoimmune antibodies is:
MLS
ONLY

a Wegener granulomatosus

b rheumatoid arthritis

€ Hashimoto thyroiditis

d systemic lupus erythematosus

77  When testing a patient for HIV antibody, which of the following is used to confirm a positive
screening test?

radicimmunoassay
Western blot
immunofluorescence

ELISA

an TB

78  An example of a live attenuated vaccine used for human immunization is:
MLS
(NI :
Ny rabies
tetanus
hepatitis B
measles

an oe
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79 A cold agglutinin titer end point is 1:16 after incubating overnight in the refrigerator and remains
MLS

ONLY

30 hat kind of antigen-antibody reaction would be expected if soluble antigen is added to
homologous antibody?
a precipitation
b agglutination
¢ complement fixation
d hemagglutination
81 The Rapid Plasma Reagin test:
a is useful in screening for syphilis
b is useful in diagnosing syphilis
¢ does not give false-positives
d uses heated plasma
82 Flecculation tests for syphilis detect the presence of;
a reagin antibody
b antigen
¢ hemolysin
d Forssman antigen
83 In the cold agglutinin test, the tubes containing the serum and erythrocytes are allowed to
stand overnight in the refrigerator, and the results are read the next marning. If a disk of the
erythrocytes floats up from the bottom of the tube with only the flick of finger, this is read as a:
a 4+ reaction
b 2+ reaction
€ 1+ reaction
d negative reaction
84  Flocculation tests for syphilis use antigen composed of:
a Treponema pallidum
b reagin
¢ cardiolipin and lecithin
d charcoal
B85 The following cold agglutinin titer results are observed:

1:16 after warming. The best course of action is to:

a report the titer as negative

b report the titer as positive, 1:16

¢ repeat the titer with a fresh sample
d test for antibody specificity
W

Tube# 1 2 3 4 5 8 7 8 9 10
dilution 11 112 114 1.8 1116 1:32 1:64 1:128 1:256 1:512
4°C + o+ o+ o+ 4+ + + + 0 0

37°C o0 0 0 0 0 0 0 0] 0 0

The best interpretation is:

positive, 1:128

negative

invalid because 37°C reading is negative
repeat the 4°C readings

fuh o R
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86 A VDRL serum sample is heat inactivated, then placed in a 