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FOREWORD

The awareness of the medical community of the key role played by
viruses on the overall welfare of the individual and the society at
large continues to increase. As a result, in the area of diagnostic
virology there is a growing number of research institutions and profit
organizations that are becoming involved in the development of labora=
tory tests for viral infections. Methods and approaches that were re=
search tools not too long ago are today applied at the clinical bench.
The utilization of antiviral drugs and genetic engineering in the treat-
ment and prevention of viral infections is no longer a science fiction
dream for the future but a very realistic possibility for the present.
The practicing physician is now faced with a pleiad of patients at a
high risk of acquiring viral infections that, for proper wmanagement,
require a basic understandingiof the mechanisms involved in viral paiho-
genicity. The public at large is gaining a knowledge of health related
problems and, as a result, demands better and more sophisticated deli-
very of services in the area of medical virology. In addition, govern=
ments as providers oflresearch resources and medical care now play a
fundamental role in the development of medical virology.

In this book, we want to bring to our readers' some of this new
knowledge and excitement that all the participants shared during the

1984 Intefnational Symposium on Medical Virology.

Luis M. de la Maza Irvine, California, February, 1985

, Ellena M. Peterson



CONTRIBUTORS

Number in parentheses indicates the page on which the author's contribu-
tion begins.

sara Albanil ( 31 ) Departuwents of Pathology and Medicine, San Diego
Veterans Administration Hospital, La Jolla, California 92037,
U.S.A,

Nancy H. Arden (377) Department of Health & Human Services, Centers for
Disease Control, Atlanta, Georgia 30333, U.S.A.

Martin L. Bryant (305 California Primate Research Center, University of
california at Davis, Davis, California 95616, U.S5.A.

Ron Dagan (123 ) Department of Microbiology, Box 710, University of
Rochester Medical Center, 601 Elmwood Avenue, Rochester, New York
14642, U.S.A.

R. Gorxrdon Douglas, Jr. ( 349) The New York Hospital, New York, New York
10021, U.S.A.

Harvey M. Friedman ( 1 ) Diagnostic Virology Laboratory, The Children's
Hospital of Philadelphia, 34th & Civic Center Blvd., Philadelphia,
Pennsylvania 19104, U.S.A.

Murray B. Gardner (3(05) California Primate Research Center, University
of California at Davis, Davis, California 95616, U.S.A.

Jack M. Gwaltney, Jr. ( 233) Division of Epidemiology and Virology,
University of Viryginia School of Medicine, Charlottesville, Vir-
ginia 22908, U.S.A.

Charles J. Hackett (153) The Wistar Institute, 36th Street at Spruce,
Philadelphia, Pernsylvania 19104, U.S.A.

Pekka Halonen ( 65) Department of Virology, University of Turku, Turku
52, Finland

Roy V. Henrickson ( 305) california Primate Research Center, University
of California at Davis, Davis, California 95616, U.S.A.

John C. Hierholzer ( ©65) Department of Health & Human Services, Centers
for Disease Control, Atlanta, Georgia 30333, U.S.A.

Karole Igmacie ( 31 ) Departwents of Pathology and Medicine, San Dieyo
Veterans Administration Hospital, La Jolla, California 92037,
U,S.A.

Jerri A. Jenista (123) Departﬁent of Microbiology, Box 710, University
of Rochester Medical Center, 601 Elmwood Avenue, Rochester, New
York 14642, U.S.A.
»
Alan P. Kendal (377) Department of Health & Human Services, Centers for
Disease Control, Atlanta, Georyia 30333, U.S.A.

vii



-

David J. Lang ( 211 ) Division of Pediatrics, City of Hope National
Medical Center, 1500 East Duarte Road, Duarte, California 91010,
U.S.A.

Nicholas W, Lerche (3(05) California Primate Research Center, University
of California at Davis,. Davis, California 95616, U.S.A.

Myron J. Levin ( 109 ) Department of Pediatrics, Infectious Diseases
Section, University of Colorado Health Sciences Center, Campus Box
€227, 4200 East Ninth Avenue, Denver, Colorado 80262, U.S.A.

Bernard R. Lipinskas (4(09) Laboratory of Immunology, Center for Labora-
tories and Research, New York State Department of Health, Albany,
New York 12201, U.S.A,

Linda J. Lowenstine (3()5) California Primate Research Center, University
of California at Davis, Davis, California 95616, U.S.A.

Per-Anders Mirdh (325) Department of Medical Microbiology, University of
Lund, Solvegatan 23, $-223 62, Lund, Sweden

Preston A. Marx (305) california Primate Research Center, University of
California at Davis, Davis, California 95616, U.S.A,

Donald H. Maul (305) California Primate Research Center, University of
California at Davis, Davis, California 95616, U.S.A.

Marilyn A. Menegus (123) Departuent of Microbiology, Box 710, University
of Rochester Medical Center, 601 Elmwood Avenue, Rochester, New
York 14642, U.S.A.

Robert J. Munn (305) california Primate Research Center, University of
California at Davis, Davis, California 95616, U.S.A.

George Obert (65) Laboratoire de Virologie de la Faculté de Medecine et
Groupe de Recherches, 74 d 1'INSERM, Strasbourg, France

Pearay L. Ogra (193) pivision of Infectious Diseases, Children's Hospi-
tal, 219 Bryant Street, Buffalo, New York 14222, U.S5.A.

Kent G. Osborn (305) california Primate Research Center, University of
California at Davis, Davis, California 95616, U.S.A.

James C. Overall (253) Department of Pediatrics, Division of Infectious
Diseases, University of Utah School of Medicine, S5alt Lake City,
Utah 84132, U.S.A.

Enzo Paoletti (409) Laboratory of Immunology, Center for Laboratories
and Research, New York State Department of Health, Albany, New York
12201, U.S.A.

Peter A. Patriarca (377)-Department of Health & Human Services, Centers
for Disease Control, Atlanta, Georgia 30333, U.S.A.



Marion Verkus (409) Laboratory of Immunology, Center for Laboratories
and Research, New York State Degartment of Health, Albany, New York
12201, U.S.A,

Pedro Piedra (193) Division of Infectious Diseases, Children's Hospital,
219 Bryant Street, Buffalo, New York 14222, U.S.A.

AntoniA Piccini (409) Laboratory of Immunology, Center for Laboratories
and Research, New York State Department of Health, Albany, New York
12201, U.S.A.

Indira Pottathil ( 211) Division of Pediatrics, City of Hope National
Medical Center, 1500 East Duarte Road, Duarte, California 91010,
U.S.A.

Raveendran Pottathil (211) Division of Pediatrics, City of Hope National
Medical Center, 1500 East Duarte Road, Duarte, California 91010,
U.S.A.

Douglas D. Richman ( 3] ) Departments of Pathology and Medicine, San
Diego Veterans Administrations Hospital, La Jolla, California
92037, U.S.A. '

Harley A. Rotbart (109) Department of Pediatrics, Infectious Diseases
Section, University of Colorado Health Sciences Center, Campus Box
C227, 4200 East Ninth Avenue, Denver, Colorado 80262, U.S.A.

Luis P. Villarreal (109) Department of Pediatrics, Infectious Diseases
Section, University of Colorado Health Sciences Center, Campus Box
C227, 4200 East Ninth Avenue, Den,er, Colorado 80262, U.S.A.

‘.

Geoffrey M. Wahl ( 31 ) The Salk Institute, La Jolla, California 92037,
U.S.A.

Catherine M. Wilfert ( 85 ) Department of Pediatrics, Division of
Infectious Diseases, Duke University Medical Center, Box 2951,
Durham, North Carolina 27710, U.S.A.

Susan Wos (409) Laboratory of Immunology, Center for Laboratories and
Research, New York State Department of Health, Albany, New-" York
12201, U.S.A. .

Joan Zeller ( 85 ) Department of Pediatrics, Division of Infectious
Diseases, Duke University Medical Center, Box 2951, Durham, North
Carolina 27710, U.S.A.

1x.



ACKNOWLEDGEMENTS

We are dependent on the support of many individuals in the prepara-
tion of the International Symposium of Medical Virology and of this
manuscript. Amonyg them we would like to thank "all the participants in
the Symposium, the speakers and ?rs. Jeremiah G. Tilles and Thomas C.
Cesario for chairing the sessions. We want to cite the staff of the
Medical Microbiology Division at the University of Califormia, Irvine
Medical Center for their invaluable help and specially Marie Pezzlo and
Sandra Aarnaes for their deaication to the Symposium. Our gratitude is
extended to Dr. Edward R. Arguilla for his' encouragement in this under=-

taking. '
- We were fortunate to have‘ the secretarial support of Linda
Kincheloe who typed and proofread the entire manuscript. The efforts of
The Franklin Institute Press, particularly those of J. S. Hough and B.
A. Rosenblatt, who were directly involved in the preparation of this
book, are acknowledged.

Gur thanks to the following organizations that made this meeting

possible throuygh their financial support:

Abbott Laboratories, Diagnostic Division
AMGen
Biogen Research Corp.
Bristol=-Myers Co., s
Burroughs Wellcome Co.
Cetus Corp.
Earl-Clay Laboratories, Inc.
General Diagnostics, Division of Warner Lambert
Hoechst-Roussel Pharmaceuticals Inc.
Hoffman-La Roche Inc.
liynson, Westcott & Dunning
International Diagnostic Technology, Inc.
Kirkegaard and Perry Laboratories, Inc.
Labsystems Oy
Lederle Laboratories
Marion Laboratories, Inc.
Merck Sharp & Dohme
Molecular Biosystems, Inc.
Monsanto Co.
. New England Biolabs
Ortho Diagnostics Systems, Inc.
Syva Co.

xi



ERRATUM FOR PAGE 381
Hypothetical scheme for multiple cycle evolution of infl variants involving “rescue” of
intermediate defective mutants by phenotypic mixing. (Becsusa of the ssgmented nature of
the influenza genome mutations in the HA gane will not affect tramscription or transiation
of other viral genes.)

® #

+ of Genes end

Successful Variant

ure 2. Step 1. Mutant gene evolves in infected cell: the mutant HA
uct of this gene has reduced biological activity; Step 2. The mutant
gene is “rescued” by packaging in virus particles vwith some normal HA
roteins; Step 3. Mixture of virus particles containing normal and mu=
tant HA is transmitted to next case. During replication, a second muta-
appears in the HA gene that restores biological activity; Step 4. A
mixture of virus phenotypes and genotypes is produced; Step 5. The
irus containing the appropriate combination of mutations in ites HA has
higher transmissibility then the original virus or intermediate mutant
4#nd becomes the next epidemic variant.
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APPLICATION OF RAPID TECHNIQUES IN THE CLINICAL VIROLOGY LABORATORY
Harvey M. Friedman
INTRODUCTION

Diagnostic virology has gradually assumed an increasingly important
role in the medical community. The ability to establish a definitive
diagnosis of a viral infection within 1-5 hours of receiving a sample
has greatly enhanced the image of the viral laboratory and has expanded
the impact the laboratory can have on clinical decision making. Aspects
of decision making influenced by rapid diagnosis of a viral infection
include avoiding unnecessary diagnostic testing, eliminating unneeded
med{sgtions and, in some cases, bermitting earlier discharge from thg
hospital. In a few instances, rapid diagnosis also helps guide the use
of antiviral drugs, especiclly in the treatment of herpes simplex virus
(HSV) or varicella zoster virus (VZV) infections.

Three general approaches can be used to establish a rapid viral
diagnosis. The most widely used strategy is tc attempt identification

' of viral antigens in specimens immediately after collection, without
waiting for the virus to grow in cell culture systems. A second ap-
proach is to identify viral antigens or nucleic acids in tissue culture
cells before cytopathology (CPE) develops. A third method is to detect
viral specific IgM antibodies in serum taken early in the course of
infection. The main focus of this report will be on the first methﬁd,
that is, direct antigen detection in clinical specimens.

For widespread application of rapid viral techniques in clinical
laboratories, excellent reagents must be available from commercial
sources. In recent years, we have seen major progress in phis area.
However, even with excellent reagents, there are limitations to the sen-
sitivity of rapid techniques, the most important of which is the amount

of viral antigen produced during infection. 1In the first few days of



the clinical illness, waximal amounts of virus are likely to be pro=-
duced, which emphasizes the importance of obtaining specimens early in
the disease. Laboratories performing direct antigen detection tests
should correlate their rapid results with more conventional diagnostic
me thods, generally with viral isolation. This serves as a form of in-
ternal gquality control. In some circumstances, when sufficient samples
have been tested bfzboth rapid and standard methods, it may be possible
to ouit the standard assay. In general, this should only be done if the
sensitivity and specificity of the rapid method are equivalent to those

of the standard assay.

VIRUSES OF IMPORTANCE TO THE CLINICAL LABORATORY
o
The diagnostic virology laboratory at The Children's Hospital of
Philadelphia is oriented predominantly towards an in-patient population;
The laboratory mainly services two hospitals, the 250-bed hospital, The
Children's Hospital of Philadelphia and the adjacent 680-bed hospital,
The Hospital of the Univerait}-of Pennsylvania. During 1983, the labor-
atory performed 13,755 tests, inCtluding 4241 viral isolations, 4837
aerblogler; 3613 hepatitis assays, 664 chlamydia cultures, and 400 rap}d
tests. Seven hundred and nineteen of the 4241 cultures (17%) grew a
virus. Table 1 lists the types of isolates obtained., In addition to
those viruses shown, rotavirus was detected by electron microscopy in 28
stool specimens. . .
- From these results, it is apparent that the emphasis for iapld
diagnosis can be placed on relatively few viruses. The agents chosen
for discussion.in this review include HSV, cytomegalovirus (CMV), V2V,

°
respiratory syncytial virus (RSV), rotavirus and Chlamydia trachomatis.

Scme of these, as noted in Table 1, are of obvious importance to the
diagnostic laboratory including HSV, CMV, and RSV. Others merit discus-
sion because recent advances in technoloyy will likely permit rapid and

accurate diagnosis using commercially available reagents.

Respiratory Syncytial Virus

Philip Gardner, from Newcastle upon Tyne, England, was one of the
pioneers in the field of rai$d viral diagnosis. Gardner and McQuillin
(1968) used immunofluorescent (IF) techniques to directly stain naso-

pharyngeal secretions and determined the cause of some acute respiratory



A
TABLE 1. VIRUSES ISOLATED AT THE CHILDREN'S HOSPITAL OF
PHILADELPHIA VIROLOGY LABORATORY IN 1983 -

Virus No. of Isclates
HSV 299
CMV 132
RSV 98
Adenovirus 64
Enterovirus/Rhinovirus 78
Parainfluenza 1-3 21
Influenza A 12
Influenza B 2
vav 12
Rubella 1
Total 719

infections on the day of admission. Nasopharyngeal secretions were exa-
mined for RSV by IF in children with broneh;olitis,.Pneumonia,-bronchi-
tis, croup and whooping-cough. Of 32 samples, 13 were p?sitive for RSV
by culture and 17 of these were also positive by IF. All 15 culture
negative samples were negative by IF. Since these excellent early re-
sults, Gardner and McQuillin have extended- the scope of antigens exa-
mined by IF in respiratory secretions and have also greatly increased
the number of samples studied éor rapid diagnosis of RSV (see review in
Gardner, 1980).

Kaul et al.‘(1978) were among the first in North America to report
on the use of rapid IF techniques for diagnosis of RSV. These investl—:
gators found excellent correlation between rapid IF and viral isolation.
Of 387 samples tested, discrepancies were note in 22, 17 of whichvwere
IF positive but culture negative, and five of which were IF negative but'f
culture positive. _As discussed in a later section of this review, it is
likely that many of the IF positive but culture negative samples were
true positives.

In recent years, the availability of excellent polyclonal antiserum
for rapid IF diagnosis of RSV (Burroughs-Wellcome Co., Research Triangle

Park, NC) has permitted wider use of this assay. However, the applica-



tion of monoclonal antibody technoloyy to the field of rapid viral diag-
nosis offers an alternate source of antibodies. Bell et al. (1983)
compared viral culture with rapid IF usinj either bovine polyclonal or
mouse monoclonal antisera. They fouund an excellent correlation among
the three methods. The monoclonal antibody tended to produce less non-
specific backyground fluorescence than the polyclonal serum. The inves-
tigators thought that less experienced workers may find the monoclonal
assay easier to interpret. Similarly, Kim et al. (1983) found an excel-
lent correlation between viral culture and rapid detection using mono-
clonal antibodies in an indirect immunofluorescence (IFA) assay.

Cevenini et al. (1983) evaluated immunoperoxidase (IP) staininy for
_;aptd RSV diagnosis and compared it with IF. The investigators used

" commercially available anti-RSV serum and conjugates. Results were
identical by the two assays. A potential advantage for the IP technique
is that it does not require the expensive equipment needed for IF.

Chao et al. (1979) evaluated an enzyme immunoassay (EIA) for rapid
diagnosis of RSV. The investigators used an antibody capture assay to
detect RSV antigen in nasal secretions from infants with respiratory
disease. RSV was detected in 23 of 29 specimens positive for virus by
tissue culture and in one of 36 sampleé negative by culture. " The inves-
tigators used a blocking assay to confirm positive EIA results, which
indicated that the falsé-positive result was likely a true positive.
EIA was also compated‘withidirect staining of secretions by IF. Discor=-
dant results occurred in 10 of 81 specimens. Seven of 10 were EIA posi-
tive but fluorescence negative, while three were fluorescent positive
and EIA negative. Overall, the EIA was found to be somewhat more sensi-
tive than fluorescence and was sugygested as an alternate approach for
rapid diagnosis.

To summarize the RSV results, it is clear that rapid diagnosis of
this coumon childhood respiratory illness is now possible for the clini-
cal laboratory. A major, and as yet unresolved issue, is whether rapid
test results need to be confirmed by viral isoclation. As laboratories
begin to perform the various rapid assays for RSV, it seems very impor-
tant that the initial evaluation include comparisons between rapid re-
sults aﬁd viral isolation. As laboratories become more experienced with
the rapid tests, they may decide to avoid duplication of results by
omitting viral cultures on those samples which are clearly positive in

the rapid assay.



Herpes Simplex Virus

Rapid diagnosis of HSV is particularly important in patients with
encephalitis, in neonates with suspected generalized HSV and in immuno-
compromised hosts with atypical-appearing muco-cutaneous rashes. Each
6f these infections can be treated with antiviral drugs; therefore, an
accurate and rapid diagnosis is important to guide therapy.

Tzanck (1947) was perhaps the first to describe a rapid method for
cytologic evaluation of vesicular lesions. Recently, Solomon et al.
(1984) performed a study to assess the accuracy of the Tzanck prepara-
tion compared with viral culture. Patients included those with primary
HSV (13 cases) and recurrent infections (17 cases). The lesions were
oral in 16 patients, genital in 11 and elsewhere on the face or hand in
three. Thirty-two samples were taken from 30 patients. For the Tzanck
stain, the lesion base was scraped with a scalpel blade which was then
touched to a glass slide. The slide was air-dried and stained for 15
seconds with toluidine blue. Twenty-~five of 32 (78%) samples were cul-
ture positive, while 17 (53%) were Tzanck positive. When results were
evaluated according to the stage of the lesion, the investigators found
that during the vesicular stage all 15 samples were positive by wviral
culture while 10/15 (67%) were positive by Tzanck smears. During the
pustular stage, 8/11 (73%) were culture positive while 6/11 (55%) were
Tzanck positive. At later stages (crusting or ulcerating), 2/6 (33%)
were culture positive compared with 1/6 (17%) by Tzanck smear. Overali,
68% of HSV positive by culture were also positive by Tzanck smear.
Therefore, this rapid and inexpensive test was useful to confirm a sus-
pected HSV infection but was not very sensitive. It is important to
note that a positive Tzanck smear does not distinguish between HSV and
V2V since both produce multinucleated giant cells in which the nuclei
have a "ground-glass" appearance. Intra-nuclear inclusions are also
seen during infection with both viruses.

Goldstein et al.'(1983) evaluated monoclohal antibadies directed
against type-specific proteins on HSV-1 or HSV-2 for rapid diagnosis.
Fifty-nine patients with oral, genital, ocular and mucocutaneous HSV
infection and 43 throat or genital swabs from healthy controls were e;a—
mined. One hundred and six samples from these patients were compared By
rapid IF and viral culture. All 43 specimens from controls were nega=
tive by rapid IF and viral culture. Of the 63 specimens from patients
with a clinical diagnosis of HSV, 54 (B6%) were positive by each method.



In six cases the culture was positive but the rapid test was negative;
however, in an additional six cases the rapid test was positive while
the culture was negyative. These latter samples can be considered as
true positives by IF since they were taken from patients who had HSV
disease based on clinical criteria. Of interest, the investigators used
three different anti-HSV-2 monoclonal antibodies in the rapid assay.
Thirty-four samples were positive with at least one of the HSV-2 anti-
bodies; however, in only 23 specimens did all three antibodies stain
positive, in 10 samples only two of the antibodies were positive and in
one specimen only a singlé monoclonal antibody was positive. When these
same antibodies were used to type HSV isolated in culture, all three
antibodies detected all HSV=-2 isolates. This indicates that for direct
antigen detection a combination of several monoclonal antibodies may'
offer an advantage over a single antibody preparation. 8

An important aspect of rapid testing by IF or IP stainln; is to
determine whether an adequate sample has been collected. Goldstein et
al. (1983) considered 20 cells per slide as adequate. Although this is
arbitrary, it does point out an important advantage of IF or IP micro-

;;;Edby over enzyme or radioimmunocassays (RIA). The former procedures,
x’vhieh use microscopy, permit the observer to determine whether an ade-
quate sample has been submitted.

Moseley et al, (1981) used commercially available polyclonal anti-
bodies to compare viral isolation, direct IF and indirect IP techniques
for detection of genital HSV. When specimens were collected during the
vesicular stage of the eruption, isclation was positive in 93% and the

,idirect assays in 77%. However, when specimens were taken later in the
illness, the isolation rate declined (83% of pustules and 72% of ulcers
were positive) as did the frequenéy of positive results by the direct
assays. Overall, the IP assay correlated better with viral isolation -
than did IF.

Schmidt et al. (1983) performed a similar étudy comparing direct
IF, direct IP staining and viral culture. Approximately 10% of the sam~-
ples submitted for direct testing contained fewer than 5-10 epithelial
cells on the slide and were considered inadequate for rapid testing.
Approximately half of the inadequate samples were positive for HSV by
viral isolation. These isolates would likely have been missed had the
rapid assay been the only test performed. Both IP and IF were specific

in that there were very few false positive results; however, both assays



