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SERIES FOREWORD

THE GENESIS OF THIS SERIES, The American Lecture Series in Clini-
cal Microbiology, stems from the concerted efforts of the editor and the
publisher to provide a forum from which well-qualified and distinguished
authors may present, either as a book or monograph, their views on any
aspect of clinical microbiology. Our definition of clinical microbiology is
conceived to encompass the broadest aspects of medical microbiology, not
only as it is applied to the clinical laboratory but equally to the research
laboratory and to theoretical considerations. In the clinical microbiology
laboratory we are concerned with differences in morphology, biochemical
behavior, and antigenic patterns as a means of microbial identification. In
the research laboratory or when we employ microorganisms as a model in
theoretical biology, our interest is often focused not so much on the above
differences but rather on the similarities between microorganisms. How-
ever, it must be appreciated that even though there are many similarities
between cells, there are important differences between major types of cells
which set very definite limits on the cellular behavior. Unless this is
understood it is impossible to discern common denominators.

We are also concerned with the relationships between microorganisms
and disease—any microorganism and any discase. Implicit in these relations
is the role of the host which forms the third arm of the triangle: micro-
organism, disease, and host. In this series we plan to explore each of these,
singly where possible for factual information and in combination for an
understanding of the myriad of interrelationships that exist. This necessi-
tates the application of basic principles of biology and may, at times, require
the emergence of new theoretical concepts which will create new principles
or modify existing ones. Above all, our aim is to present well-documented
books which will be informative, instructive, and useful, creating a sense
of satisfaction to both the reader and the author.

Closely intertwined with the above raison d’etre is our desire to produce
a series which will be read not only for the pleasure of knowledge but
which will also enhance the reader’s professional skill and extend his
technical ability. The American Lecture Series in Clinical Microbiology
is dedicated to biologists—physicians, scientists, or teachers—in the hope
that this series will foster better appreciation of mutual problems and help
close the gap between theoretical and applied microbiology.
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The addition of this book to The American Lecture Series in Micro-
biology is of considerable importance because it represents the first time
that a book devoted exclusively to the serodiagnoses of the systemic mycoses
has been published. Furthermore, this publication is viewed as recognition
that the systemic mycoses do indeed constitute an important segment of
infectious diseases that clinicians and clinical microbiologists deal with on a
daily basis. Morbidity and mortality statistics indicate that systemic mycoses
are by no means limited to the tropical or subtropical climates; to the con-
trary, these diseases are worldwide in distribution, with some evidence of
increased prevalence of one disease over another in certain geographical
areas. Some of the systemic mycoses are increasing in incidence because of
avariety of preexisting conditions which compromise the host. Our increased
knowledge of the environment and its cause and effect relationship regard-
ing other mycotic infections has also contributed to a better understanding
of the increasing number of fungi that can and do cause systemic disease.

Accurate diagnosis of these fungal diseases require laboratory input
such as the use of special and /or selective media, often with long incubation
times, followed by careful microscopic examination of the resulting growth
for the etiologic agent’s identifying features. While this classical approach
may still be necessary for confirmation of the diagnosis, modern-day
immunology and the application of appropriate serologic tests have resulted
in the development of a battery of serodiagnostic tests for virtually all of
the systemic mycoses. Some of these tests were developed by Doctors
Kaufman and Kaplan, and all of them have been thoroughly evaluated by
them. The sensitivity and specificity of the various tests have been clearly
established. With these useful serodiagnostic procedures, the laboratory
can now materially assist the clinician by making a strong presumptive
diagnosis early in the course of the disease. This, in turn, will, more often
than not, aid the clinician in the proper choice of therapy and also will
prevent him from confusing the patient’s symptomatology with diseases
that are mimicked by the systemic mycoses.

The authors are all highly qualified and respected scientists. Doctors
Kaufman and Kaplan are distinguished mycologists whose research efforts
have produced or improved many of the procedures covered in this publi-
cation. Doctors Palmer and Cavallaro are noted teachers whose present
interests are in the training of young scientists, microbiologists, and tech-
nologists in the intricacies of diagnostic serology. The four authors have
teamed up to produce a volume that not only is a first of its kind, but one
that will undoubtedly serve as the standard in the field. The scope, depth,
and clarity of this textbook assures its usefulness to the microbiologist and
clinician alike.

Albert Balows, Ph.D.
Editor



FOREWORD

The proliferation of diagnostic laboratories for the mycoses throughout
the United States! and other nations of the world reflects the growing reali-
zation that the pathogenic fungi are important causes of morbidity and death
among the peoples of the world. The mycoses are no longer considered to
be rare and exotic diseases. They abound in all parts of the world, be they
temperate or tropical. The United States encompasses within its borders
endemic areas for blastomycosis, coccidioidomycosis, and histoplasmosis
where the incidence and prevalence of infection are among the highest in the
world. Skin test surveys have revealed that literally millions of infections
have occurred with an accompanying high morbidity in the resident popula-
tion. Information on mortality, incomplete and fragmentary as it may be,
indicates that over the past ten years (1965-1974) an average of 350 persons
have died yearly in the United States from blastomycosis, candidiasis, coc-
cidioidomycosis, cryptococcosis, and histoplasmosis.?

Any hope of reducing the public health burden of this high morbidity and
mortality rests on raising the diagnostic competency of laboratory person-
nel. Without rapid and specific diagnosis, the clinician cannot prescribe and
institute specific antifungal therapy. Medical mycologists have made sig-
nificant advances in the development of selective isolation media, biochemi-
cal and physiological tests and histological stains for the pathogenic fungi.
All of the procedures concerned serve either to detect the etiologic agents in
clinical material or result in their isolation and specific identification.

Indispensable as these methods are, there has always been a compelling
need for rapid and specific indirect diagnostic tests for the systemic mycoses.
Such necessity arises from the inherent slowness or failure of conventional
isolation and identification procedures for pathogenic yeasts and moulds and
the pressing need to objectively monitor the effect of therapy. These needs
are particularly compelling now that lifesaving therapeutic agents against
the mycoses have been developed and have shown their effectiveness.

Serological tests were the obvious diagnostic weapons lacking in the
armamentarium of the diagnostic laboratory. Immunologists accepted the
challenge of developing antigens and tests for the serodiagnosis of mycotic
diseases. As a result of their diligent efforts in many research laboratories
around the world, we now have an imposing battery of useful and lifesaving
serological tests for the most deadly of the mycoses—aspergillosis, blastomy-
cosis, candidiasis, coccidioidomycosis, cryptococcosis, histoplasmosis, and
paracoccidioidomycosis. When used competently and interpreted judiciously,
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viii Serodiagnosis of Mycotic Diseases

mycoserological tests have greatly aided the clinician in diagnosing the
mycotic ills of his patients and in saving their lives. The virtual end of fatali-
ties due to Blastomyces dermatitidis, that has dramatically occurred in the
past few years, can be attributed in part to the breakthrough in the serodiag-
nosis of that important disease. During the decade beginning in 1958, an
average of thirty-eight persons a year died of blastomycosis. The latest avail-
able statistical data gratifyingly reveal that deaths dropped to zero in 1968
and to an average of 1.5 yearly through 1974.2* Wider use of serological
tests, coupled with appropriate therapy, would undoubtedly serve to sig-
nificantly reduce the mortality from all other systemic mycoses. Immuno-
logical techniques (fluorescent antibody and immunodiffusion) have also
been developed in recent years for the specific detection and identification
of pathogenic fungi in tissue and for the rapid identification of cultural
isolates.

Publication of this manual comes at an opportune time and marks a
milestone in the history of medical mycology. It is the first to be devoted
exclusively to mycoserological tests. It contains the latest and most authori-
tative information on those procedures that have proven through experience
to be singularly effective in the serodiagnosis of the major mycotic diseases
that afflict mankind. This manual, together with the courses that it was
designed to aid, will serve to increase the use of serology and raise perform-
ance standards in diagnostic centers throughout the world. The authors
deserve high praise for their initiative and for having set such high standards

in the writing of this manual.
Libero Ajello, Ph.D.

Director, Mycology Division
Center for Disease Control
Atlanta, Georgia

References
IClinical and Public Health Laboratory Survey, 1972. Selected Summary Tables.
Center for Disease Control, Atlanta, Georgia, 1972.
2Morbidity and Mortality Weekly Report. Center for Disease Control, 1976, 24
(54):5.
SMorbidity and Mortality Weekly Report. National Communicable Disease Center,
1969, 17 (53):6.



ACKNOWLEDGMENTS

The authors thank Mr. Robert H. Galt, Jr. and Mrs. Shelba D. Whaley,
of the Diagnostic Immunology Training Branch, and Ms. Sharon O. Blumer
and Mr. David McLaughlin, of the Fungus Immunology Branch, Mycology
Division, for their assistance in the development of this manual.

Use of trade names is for identification only and does not constitute
endorsement by the Public Health Service or by the U.S. Department of
Health, Education, and Welfare.



CONTENTS

Page
Sevies FoTewond s« swsivvs s sms ovs s st e abie o588 bbs 8 % e ma s mume wtvw s s v
FOTEHONE, 5o 5 i o5 SRS 5SS G st S5 57657 15 9 SR AP 6058 AWl SIS SORTE vii
ACRTIOWIEATINGTIES: 51y 5550508 wvsos wars, s1avovmsecscancrn wbara somasi Se s byt 3owia o0t Slo 85 Srmigois ix
PART ONE—SERODIAGNOSIS OF DISEASES CAUSED BY
DIMORPHIC FUNGI ... o0 6 s ssmmm o s 070 518 w2 3
1. MICROIMMUNODIFFUSION TEST FOR COCCIDIOIDOMYCOSIS,
BLASTOMYCOS1IS, AND HISTOPLASMOSIS. . . .. ot vv e e e ne e ineenns 7
Materials ROGUITEA .o vmiving s0isi xmibs@aa i imesmewnya 7
Preparation of ReEGEents, s cimeiaisinisnsmmrsiosnessomass 8
Preparation of the Agar Plates............................ 8
Performance of the Test................... .. ... .ooo... 10
Reading iof Agar Plates s« ousmmsm 96 sms maw s sma vasn s 12
Interpretation of Test Results. ........................... 12
Appendix—Evaluation of Coccidiodes immitis, Histoplasma
capsulatum, and Blastomyces dermatilidis Antigens
and ANLISETA « coow s wums sy g5 0o omi ¢ 5 & Em0s &0 ewss 68 @i 14
2, MACROIMMUNODIFFUSION TEST FOR HISTOPLASMOSIS. . . .. ................ 19
Materials Required ............. ... ... ..., 19
Preparation Of REAFENLS, s« wsmosy sas s o5 3 nmis s wiws o3 19
Preparation of Agar Slides............................... 20
Performance of the Test.............. ... ... ... ... .... 21
Reading of Agar SHAes. cc-inivsrwininsiminssosmimesnimes 23
Interpretation of Test Results. ........................... 23
Appendix—Precoating Slides With Agar.............................. 29
—LEvaluation of Histoplasma capsulatum Antigens and
ANEISEIR & 5 657305 wim008 8 556 5,00 5750505 0568 Bis 6w 918 Bus o #ie d1m im0 2w o0 29
3. COUNTERELECTROPHORESIS TEST FOR HISTOPLASMOSIS. .. ................. 28
Materials Required ...... ... ... .. ... i, 28
Preparation. of REAPETIE. . cou sl s rmtr sy imsnwsmss namsswsms 29

X



Contents xi

Preparation of Agar Slides................oiiniiiiiinnns 31
Performance of the Test.......c.coiuinieeineeveeeneiatones 32
Interpretation of Test Results. ... ..., 34
Appendix—Precoating Slides With Agarose...............oooieiinnns 37
—Washing, Drying, and Staining Agar Slides. ................ 38

PART TWO—SERODIAGNOSIS OF DISEASES CAUSED BY

THE YEAST-LIRE FUNGI .. v praeras somas ¢ imss v sws 40

4. IMMUNODIFFUSION TEST FOR CANDIDIASIS. . . .t vvitvtiee e iiseaeeannenns 44
Matetials REQUITEA «uosmimivosssmorimmmnsmsmsminsmbsnsi 44

Preparation of Reagents.........c.coviniieiiiiiiiniinanns 44

Preparation of Agar Slides...........ccociinniuiiiiisne. 46

Performance of the Test.........oouieiniiiiiiennennn. 46

Performance oOf the TSt . s s sws smsne s wsivsss s s s s isessa 46

Reading of SHAES.. ... cocemaiisimns svmmsmensemsmspessisss 47

Interpretation OF ReSults. . vociiivmimimmomensvanwicasmsma. 48
Appendix—Precoating Slides With Agar................... .. ... ... 49

—Preparation of C. albicans Antigen for the Immuno-
diffusion Test

5. COUNTERELECTROPHORESIS TEST FOR Candida ANTIBODY. ................ 53
Materials Requited, s cosamimws woms 2 o5 momwswsme s sim s s 53
Preparation Of REAZEIUS. . ..c.civ so wiioin s sioimoin oo simins siain s sins 54
Preparation of Agar SIHAEs. .. ox i it con e vow s o mies 55
Performance of the Test.: vicwemssnraisssvsmssirnbiasess 56
Interpretation of Test Results. ........................... 59
Appendix—Precoating Slides With Agar............. ... ... .......... 61
—Washing, Drying, and Staining Agar Slides. ............... 61
—Titration of the Antigen. ........... ... ... iiiiienn.. 62
6. SLIDE LATEX AGGLUTINATION FOR CANDIDIASIS. .o oottt et iieiiene e 65
Materials Required :: cssasnsassssvaciiussasonionscsmmnme 65
Preparation of Reagents.......................coooiiun.. 65
Standardization of Latex Particle Suspension............... 67

Block Titration for Determining Optimal Sensitization
of the Latex Suspension.............................. 68
Performance of the Test.............. i iiiininan. 70
Interpretation of Results. .cvsvsavssswecsrssnssisuinsenses 73

Appendix—Preparation of C. albicans Antigen for the Latex

Agglutination Test ...........oiiiiiiiiiiiiiiiiaanaaa.. 73

—Preparation of Candida Homogenate Working Antigen. . .... 74



xii

Serodiagnosis of Mycotic Discases
TuBE AGGLUTINATION TEST FOR Cryptococcus neoformans ANTIBODY . .. ... 76
Materials Required ...........ooomiinin i, 76
Preparation of Reagents........................ne. s 00
Performance of the Test. ... .c.vivumvnvntimranacianns cims 77
Interpretation of Test Results. ........... ..o, 78
Appendix—Preparation of C. neoformans Yeast Cell Antigen for
the Tube Agglutination Test.......................... ... 79
DirecT FLUORESCENT ANTIBODY TEST FOR CRYPTOCOCCOSIS .. .. ....... ... 82
Materials REGUITE . v :ovarewiin dmie o promaie e oio g 56 i sar sonas 82
Preparation of R€agents. .. ...cuwuusia s iaimiiiion s 82
Preparation of Antigen Slides............ ... ........ caqs 84
Performance of the Test................ ..., 85
Examination of Slides: iz sususnsvmsnssssminsmiinessymsma 86
Interpretation of Results. .qouxvisimsiaresimimim aisicens 88
Appendix—Titration of Fluorescein-Conjugated Antihuman Globulin
{CoMJUBALEY = = vmweis v wsnsaiss s = 5w EmaE Ee 20 68 0 0F wes 0 88
—Examination of the Slides. . ......................... .. .. 90
—Preparation of C. neoformans (Strain B-977) Antigen
for the TFA Test:: cssaimsassmsmpsssmsvosmess smens 8esms w3 91
SLIDE LATEX AGGLUTINATION TEST FOR CRYPTOCOCCAL ANTIGEN. .. ....... 94
Materials Requited «cuwvesiesssvaissnssmscsiasmsansasnsis 94
Preparation of Reagents............................... .. 95
Standardization of the Latex Particle Suspension. .. ... .. ... 96
Block Titration for Determining Optimal Sensitization
of the Latex SUSPenSION. « s s sz susmiinssns wb s ns ame 97
Performance of the Test.......... ... .. ... ........... 49
Further Testing of Sera Positive for Rheumatoid Factor. .. 101
Interpretation of Results................. ............... 102

Appendix—Preparation of Rabbit Anti-C. neoformans Globulin

and Normal Globulin Solutions. . .............. ... ... . .. 103

PART THREE—SERODIAGNOSIS OF DISEASES CAUSED BY

MISCELLANEOUS FUNGI

10. IMMUNODIFFUSION TESTS FOR ASPERGILLOSIS. .. ... ... . 111
Materials Requited: ... :u:svusssinsesinesassnsesingie 11
Preparation of Reagents................................. 112
Preparation of the Agar Plates. ........................... 113

Performance of the Test............................. ... 115



Contents xiii

Reading of Slides: . «.covuiiennin i iiiiiiiia., 117
Interpretation of Test Results..................oooovn. 117
Appendix—Preparation of Aspergillus fumigatus, A. flavus,
and 4. niger ANHGENS. . s vervinvesimscnsae vt 118
—Evaluation of Aspergillus Antigens and Antisera............ 120
11. TUBE AGGLUTINATION TEST FOR SPOROTRICHOSIS. .. .. .. .ooniniinnnnn... 123
Materials Required « o uoswssims wos mame s agums nepmeh s mas 123
Preparation of Reagents. ... . oweciims sosumnnmsimamnsmems s 123
Petforinaiice OF the e, « v . &bt 55 dhormn womim o s s s T 475 124
Interpretation of Test Results............................ 126
Appendix—Preparation of Sporothrix schenckii Culture Filtrate
ADETEN 20 B Prbimapre i n v e o368 o1 3 (S B sd [ 20w gygen = vox 20 8 o Tl oyl 5 127
—Determination of Optimal S. schenckii Antigen
I LT .. STy 2ot g msemensed ST i I R TN Gl s e s % P0G 128
12. SLIDE LATEX AGGLUTINATION TEST FOR SPOROTRICHOSIS. . . .. .. ........... 131
Materials Required .........cocioiiiimrinimnnininenin. 131
Preparation of Reagents. ... viv.ivivsvmvmimmmmids ivisina 131
Standardization of the Latex Particle Suspension........... 132
Block Titration for Determining Optimal Sensitization
of the Latex Suspension............... ... .............. 133
Performance of the TES: i :comisevsnsswsms s wias imsmecran 135
Interpretation of Results. ....... .. ... ... ... ... ........ 138
Appendix—Preparation of Sporothrix schenckii Culture Filtrate
- 11 [ T T S TILIT LI 138
PART FOUR—THE DIRECT FLUORESCENT ANTIBODY
TECHNIQUE FOR THE DIAGNOSIS OF
MYCOTIC DISEASES
13. THE FLUORESCENT ANTIBODY TECHNIQUE. .. ........................... 143
Materials REQUITEd wovm.msssswins cnsms smemossims s snvmis 143
Preparation of Reagents................................. 144
Preparation of Specimens. .................. ... .. ....... 146
Performance of the Test...........................c...... 148
Appendix—Preparation of Optimal Dilution of Fluorescein-Labeled
Antiglobulin (Immune Conjugate). ....................... 151

—Evaluation of Fluorescein-Labeled Preimmunization
Globulins . ... ... 152



X1v Serodiagnosis of Mycotic Diseases

PART FIVE—COMPLEMENT FIXATION

14, THE COMPLEMENT FIRATION TTEST . v voomwiim i o sl se mwisn sivmm s os momiscn 155

Materials Required . wsms s sssmen waes s n smsames s sws swnss 155

Preparation of REagenis. . . .o o s e oo i 6 o0s s @20 o noms s 156

Washing Sheep Red Blood Cells (RBC)................... 158
Standardization of the Sheep Red Blood Cell

SUSPENSION, a5 vismisns @0 @5 5005 G5 Fm e w9505 0s 4 L3 E 0 00s 030 158

Titration of the Hemolysin.............................. 160

Titration of the Complement. . ....ccinsvsvusie varmssanmans 164

Titration of the ANIBEN :wsvs sx 0 amsssssos sms s susmsssnmis 167

Performance of the Diagnostic Test....... ................ 173

Interpretation of CF Results............... .. ........... 178

Appendix—Preparation of Cyanmethemoglobin Standards and

Calculation of the Target Optimal Density (Absorbance)....179

—Preparation of Hemoglobin Color Standards. .............. 180

A ubRon THdes s 0w 55 TG B 5 D ELE TS e womame e 50 BN g T TR S s g 4 5 e ceme 1 g 183

SUBIEEL PRACE 1o psoss?dmssmmusmcsnnms oo madhibewBims » o6 msms e yms .. 184



~ SERODIAGNOSIS OF
MYCOTIC DISEASES




I oNIREE, FE B SE #EPDFIE ) 7] : www. ertongbook. com



