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Preface

In recent years, molecular techniques have enhanced our ability to detect
sexually transmitted infections and to conduct research to further our under-
standing of sexually transmitted diseases. Molecular methods to quantitate
pathogen load have also been shown to be useful for the management of HIV
and other viral STDs. Existing laboratory manuals for the clinical microbiol-
ogy laboratory often do not include molecular methods for STDs. Sexually
Transmitted Diseases: Methods and Protocols is intended to fill the need for a
dedicated manual that covers all the fundamental aspects of molecular proto-
cols for laboratory diagnosis, as well as research methodology for STDs, in-
cluding HIV.

There are more than 12 types of molecular techniques described in this
book covering nine major sexually transmitted pathogens. Although molecu-
lar methods for the detection of such pathogens as Trichomonas vaginalis are
available in the published literature, they have not been included since they
are not yet widely used for laboratory diagnosis or research.

Sexually Transmitted Diseases: Methods and Protocols is one of a series
of books treating Methods in Molecular Medicine, published by Humana Press.
It is intended as a stand-alone laboratory manual that will not require refer-
ence to any other sources. When a reagent or product for any protocol re-
quires a unique source, the manufacturer is cited in the text. Unique features
of books in this series are such regular elements as a “Notes” section at the
end of each chapter that provides hands-on information on pitfalls to avoid,
tips for problem solving, alternative strategies, along with other practical in-
formation that has accumulated during the authors’ years of experience with
molecular techniques. Such valuable information and insight are seldom found
in journal articles or other publications.

Sexually Transmitted Diseases: Methods and Protocols should be of in-
terest not only to clinical microbiologists who are new to molecular techniques,
but also useful for laboratory scientists with an interest in STD/HIV research.
Given the enormous psychological implications of a positive diagnosis for a
sexually transmitted infection, laboratories currently employing commercial
kits for routine detection of sexually transmitted pathogens can use methods
described in this book to independently confirm positive results, and for qual-

v



vi Preface

ity assurance in general. Methods suitable for field studies described in this
book may be of use for studies in developing countries. Duplex and multiplex
PCR methods designed as panels for STD syndromes can be a cost-effective
means of monitoring disease prevalence and validating algorithms for
syndromic management, an important STD control strategy in developing
countries.

Rosanna W. Peeling, pup
P. Frederick Sparling, mp
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The Impact of Molecular Technology on STD Control
A Historical Perspective

P. Frederick Sparling

1. Introduction
1.1. The Way it Was

Sexually transmitted diseases have afflicted humankind for millennia, based
on references to apparent gonorrhea or nongonococcal urethritis in the Old
Testament (Leviticus). For most of history there has been no means of specific
diagnosis, and clinical diagnosis of syndromes was fraught with error. Usually,
this made no difference because there was no specific therapy and no means of
prevention other than abstinence or monogamy, which was slightly effective at
best (witness the very high prevalence of syphilis in much of Europe and the
USA before advent of specific therapy, approaching 10% in many populations
and 25% 1n some). Occasionally, syndromic diagnosis did cause serious conse-
quences. If we could talk with John Hunter today, he certainly would bemoan
the absence 1n his time of specific diagnostic tests for gonorrhea and syphilis.
Had he had access to such tests, he certainly would not have inoculated himself
with urethral exudate from a patient with gonorrhea and subclinical syphilis,
resulting 1n the acquusition of both gonorrhea and syphilis (1)! Not only did he
suffer from both diseases, but he also understandably but incorrectly concluded
that both diseases had the same etiology, which held back the entire field until
the discovery that Neisseria gonorrhoeae and Treponema pallidum were sepa-
rate causes of the very distinctive diseases.

The understanding of specific etiologies of STDs and all infectious diseases
required new technology. First was the visualization of bactena by Gram’s
stain, and then culture of bacteria m vitro, Thus, in 1879 Neisser was able to
visualize the organism that carries his name and correctly identified 1t as the

From Methods i Molecuiar Medicme, Vol 20 Sexually Transmitled Diseases Methods and Prolocols
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cause of gonorrhea. Shortly thereafter, in 1882, 1t was cultured in vitro by
Leistikow and Loeffler. Roughly concurrent were the discoveries of virulent
T pallidum by noculation of chimpanzees, visuahizanon of 7. pallidum in
lesions by dark field microscopy, and development of useful if not specific
serologic tests for syphilis (by Metchnikoff, Schaudinn, and Wassermann
respectively). These late 19th century discoveries were revolutionary, and
paved the way to our modern understanding of the epidemiology, transmis-
sion, and accurate diagnosis of these classic STDs. Once effective therapy
became available about half a century later (discounting the arsenicals which
were not effective enough to have a major impact on syphilis prevalence), rea-
sonably accurate diagnostic tests helped immeasurably in finding and then
treating asymptomatic cases of both gonorrhea and syphilis. This lead to dra-
matic declines in incidence and prevalence of both diseases after World War 1
in most of the world, and even more dramatic declines 1n the late complications
of syphilis 1n particular.

Relative control of the two major STDs (gonorrhea and syphilis) had been
achieved in the USA by the 1950s. Curiously absent, however, was discussion
or concern over other STDs that we now recognize as of equal or greater sig-
nificance. The problem was that the technological revolution had stalled, and
had not gone far enough. There were bacteria that were very common indeed
that did not grow on usual agar media, and did not stain by Gram’s stain: the
chlamydia. There were viruses to be discovered that were either clinically
unknown or insufficiently appreciated on clinical grounds alone: human geni-
tal wart viruses, genital herpes viruses and many more. Discovery of theiwr
importance was only possible with development of cell culture technelogy for
viruses and obligate mtracellular bacteria such as the chlamydia. Development
of electron microscopy, and especially in the 1980s of multiple molecular biol-
ogy techniques as well as the expanded deployment of the still new technology
of monoclonal antibody production, created a second and still ongoing revolu-
tion in our ability to detect, and therefore to understand, a variety of old and
“new” STDs.

Understanding how far we have come in the past few decades may be illus-
trated by recollection of a formative experience n this author’s training. Dur-
ing a three week course on venereology for new US Public Health Service
officers assigned to the Venereal Disease Research Laboratories in 1964, there
was little mention of Herpes simplex infections, and only the briefest discus-
sion of “venereal” warts, which were discussed principally in terms of their
differentiation from the secondary lesions of mucosal syphilis. There was actu-
ally more discussion about staphylococcal infections than there was about the
complications of human papilloma virus infections, for the simple reason that
there was yet no evidence that these common sexually transmitted agents are
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the leading cause of cervical cancer. There was also scant, if any, discussion
about asymptomatic carriers of gonococci, and no discussion at all about
Chlamydia trachomatis. Rather, there was considerable discussion about the
three principal “minor STDs”: granuloma inguinale, chancroid, and lym-
phogranuloma venereum (LGV). All three were understood as clinical entities,
but diagnostic tools were few and poor. It took the deployment of modern
microbiology (culture tn eggs, and later in cell culture) and good clinical infer-
ence before chlamydia were discovered to be common causes of cervicitis,
urethritis, and salpingitis. It also took the development of molecular diagnostic
tests for typing particular variants of human papilloma viruses (HPV) before it
was realized that some but not all HPV were able to trigger the path to cervical
cancer. Discovery of the rather astounding prevalence of HPV awaited discov-
ery and deployment of the polymerase chain reaction (PCR).

In 1964, when | entered the field as a novice, testing for STDs was limited to
the classic serologic tests for syphilis, updated by then to include the first
generation of specific treponemal tests, as well as the still extant TPI immobi-
lization test; dark field microscopy and rare animal inoculation to recover
T pallidum; culture and microscopy for N. gonorrhoeae; group serology for
LGV antigen; biopsy for granuloma inguinale; and Tzanck preparations and
occasional culture for Herpes simplex virus. Nonspecific vagmitis (bacterial
vaginosis) was diagnosed by examining for vaginal secretions for clue cells.
There were no tests for either gemtal chlamydia or HPV, and of course none
for HIV, which had not been recognized yet although the first human infec-
tions had aiready occurred. No one suspected sexual transmission of hepatitis
viruses. Nongonococcal urethritis was simply defined as urethritis (in men,
since the urethral syndrome in women had yet to be defined) in whom there
was no evidence of gonococcr. Trichomonas was recognized as a problem in
women, but no one took seriously the possibility that men might harbor the
organism, and some mght have symptoms from it. Genital mycoplasmas were
not yet on the scene. The vaginal microbial flora was virtually totally unknown;
certainly, there was no thought that certain lactobacilli might be protective
against infection by vanous pathogens.

1.2. The Way itils

We live in 2 much more sophisticated world now, only a little over thirty
years from that course on STDs at the Communicable Disease Center (CDC).
We are aware of the dangers of silent infection by HPV in some persons, and
the complications of asymptomatic or oligosymptomatic genital chlamydia
infections. We actually understand a great deal about the molecular events that
lead to cancer, in the case of HPV, or fallopian tube scarring and infertility, or
Reiter’s syndrome, 1n the case of genital chlamydia. Application of modern
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microbiology techniques has clarified the roles of various organisms in bacte-
rial vaginosis, and has helped to elucidate the role that bacterial vaginosis seems
to play in more serious diseases such as salpingitis, We are on the verge of
being able to rapidly and specificaily diagnose the cause of syndromes such as
gemital ulcer syndrome that may have multiple etiologies. Now that we have
effective therapy for genital herpes virus infections, it 1s helpful to have a mul-
tiplicity of diagnostic tests including culture so that we can know certainly
who has herpetic infection. Much of the practice of genitourinary medicine, or
STD control, as venereology has come to be known, now depends on increas-
ingly effective and rapid diagnostic tests.

And then of course, there 1s HIV. This 1s such a big development that 1t
threatens to dwarf other STDs in the public mind, and it has become a specialty
within a specialty as new treatments and tests rapidly evolve. Here we are
almost completely dependent on serologic tests, sophisticated molecular analy-
ses of the state of the immune system, and the extent of the “viral load” to
guide our diagnosis, prognosis, and treatment. It is safe to say that had this
mfection evolved in another era, like the one described in 1964 at the CDC
course mentioned above, it would have taken much longer at best to discover
the cause, and we might still be groping for useful tests and therapies. Because HIV
occurred 1n the era of “molecular medicine,” we have collectively made amaz-
ing strides in understanding the disease and n begmning to control 1t. The
point is, we depend on really good tests, and are fortunate to have more and
increasingly better tests at our disposal for all the STDs, including HIV, This
book 15 an attempt to capture this rapidly moving field, in a form that will be
useful to practitioners in the laboratory, and to chimcians who desire deeper
understanding of the basis of the new tests that are rapidly entering practice.

2. What Will Be the Impact of the New Tests?

There are so many new tests that it is difficult to try to predict their impact
Because many are relatively expensive, their deployment will be somewhat lim-
ited, certainly excluding much of the developing world where the STD problems
are worst. New mexpensive tests are needed that can be used in the field. Develop-
ment of rehable, stable simple sensitive and specific antigen detection tests for
virtually all of the major STDs, would have a huge impact, because much of the
world still relies on syndromic diagnosis through algonithms. This need is exempli-
fied by the announcement by the Rockefeller Foundation of a prize of one million
US dollars for development of a simple nonculture test for gonorrhea and chlamy-
dia, suitable for use m the developing world. At the tume of this writing there are
attempts to create such a test, but certainly there has been no announcement of
a winner. Thus, despite our excitement about the plethora of useful new molecu-
lar tests for a variety of STDs, there 1s still much work to be done.
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Putting these cautionary comments aside, there is room for real optimism about
what has been accomplished in recent years. The new tools at our disposal are
already making a difference in many ways. I will illustrate the power of the new
tests, and also what we still need, by focusing on a few of the areas that are
covered in detail in later chapters of this book (see Chapters 2, 3, 5, 8, 11, 12, 13).

2.1. Gonococcal Infection

The advent of PCR and the related ligase chain reaction (LCR) tests has
made it possible to detect current or very recent infection by amplifying gono-
coccal DNA 1n patient secretions, including urine and vaginal secretions (2,3).
The revolutionary impact of these tests is based on their ability to detect infec-
tion in women without doing an invasive pelvic exam, which is slow and some-
thing most women would rather avoid. This 1s possible because screening urine
or vaginal fluids is at least as sensitive as screening cervical secretions. Some
argue that DNA-based tests might be a problem because they do not aliow
testing of 1solates for antimicrobial sensitivity, and there 1s no means for strain
typing as can be done by several techniques with live 15olates. However, there
are new technologies on the horizon including chip-based DNA sequencing (4)
that will allow detection of genes such as beta lactamase, directly from patient
secretions, and similar methods almost certainly can be used to perform
molecular strain typing based on the DNA sequence of porin or other genes.
The DNA-based diagnostic tests are a real advance in our ability to diagnose
gonorrhea, particularly 1n screening high prevalence populations for infection,
especially in women. Curiously, we still do not have an effective serological
test for gonorrhea, and no one is working on this problem to the best of my
knowledge.

2.2. Genital Chlamydia infection

Virtually the same comments apply as were made about gonococcal infec-
tions, but the impact here 1s even greater because culture tests for chlamydia
are so much more difficult and expensive than they are for gonorrhea. Antigen
detection tests for chlamydia (5} were developed that were quite sensitive and
specific, but the new nucleic acid based tests are clearly more sensitive than
any previous tests, and there is good evidence that they are specific as well (6).
DNA remarns detectable for many days in patient secretions after effective
treatment, so DNA-based amphfication tests cannot be used as a test of cure
(7). This undoubtedly applies to all infectious diseases. Screening for genital
chlamydia infections appears to have an impact on community prevalence (8),
and wider use of the DNA-based tests will hasten the decline of chlamydia in
societies that can afford to use these tests. Of course, cost is an 1ssue, even in
rich countries such as the USA. Cost effectiveness analyses will be needed
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before managed care companies or health departments can fully commut to using
these excellent tests (9). As with gonococcal infection, we lack a useful serologi-
cal test for genital chlamydia. There is exciting evidence that correlates serum
antibody responses to certain antigens (especially the heat shock protein of
approx 60 kDa) with increased likelihood of late complications of disease, par-
ticularly salpingitis, ectopic pregnancy, and tubal infertility (10,11), but the tests
are not sufficient at present for individual diagnostic use. Interesting as the sero-
logical results are, they remain in the province of research laboratories.

2.3. Syphilis

Development of DNA-based technologies for syphilis diagnosis will help in
a couple of ways: detection of the etiologic agent in gemtal ulcers, through use
of multiplex panels, and detection of T pallidum n tissues especially cere-
brospinal fluid (CSF), 1n order to help make more accurate diagnosis of neuro-
syphilis. A charitable assessment of the present state of the art of diagnosis of
neurosyphilis 1s that 1t is problematic (12). PCR tests of CSF wall hopefully
allow differentiation between the many causes of CNS pleocytosis in AIDS
patients, and wil! help determine whether patients with serological evidence of
syphilis have active infection of the central nervous system. Clinicians are in
great need of help in both of these arenas. Unlike the cases with gonorrhea and
chlamydia, we lack good data at present to determine the role of these tests in
management of possible neurosyphilis; hope 1s high but data are needed.

The DNA sequence of T pallidum was completed very recently. One hopes
that analysis of the genomic sequence will lead to insights about the physiol-
ogy of the organism, and therefore to solutions of the very old problem of in
vitro cultivation outside of animals. Availability of the DNA sequence will
predictably enable the development of molecular strain typing tools, which has
been entirely lacking 1n syphilis research until now. One envisions the PCR-
based sequencing from patient materials of genes that are known to be varable
in different isolates, as a means of better understanding the evolution of the
organism within an individual, and as it moves between individuals. There 1s
no reason that this cannot be done as effectively for T’ pallidum as it can now
be done for C trachomatis and N. gonorrioeae, and HPV and HIV. Develop-
ment of better serological tests based on knowledge of the DNA sequence of
pathogenic and nonpathogenic treponemes is another development that can be
anticipated with reasonable confidence.

2.4. HPV Infection

Nearly all of our current understanding about the epidemiology and patho-
genesis of HPV disease 1s owing to the development of molecular methods for
typing isolates, and detecting the virus in patient matenals in the absence of
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culture (13,14). A most interesting recent development 1s the creation of serolog-
cal tests based on artificial pseudovirus particles, the result of expressing particular
genes as recombinant proteins in vitro. These tests, which are discussed in Chapter
11 of this book, are effective tools for epidemiologic studies of disease prevalence
(15) in the same manner that specific serological tests for herpes virus infection
have allowed estimations of the true prevalence of genital herpes infections.

2.5. HIV Infection

We are dependent to a large measure on molecular methods to assess who
has very early HIV disease, the extent of disease in virtually everyone who is
being considered for treatment, and for following the response to treatment
(16). Availability of chip-based sequencing technology is beginning to be
deployed already as a tool to determine the sensitivity of HIV to particular
antiviral agents, and we can look forward to much more widespread use of
these techniques. Indeed, the state of the art is so dependent on viral load test-
ing by molecular methods that the absence of these tests in developing coun-
tries is a real dilemma for clinicians trying to deploy the new but expensive
antiviral therapies for HIV wisely. Assays for infectious amounts of virus in
secretions, based on quantitative assays for HIV RNA in patient samples, has
shown that other “minor” STDs, such as gonorrhea, have important effects on
increasing the shedding of HIV in secretions, and therefore presumably
increasing the risk of sexual transmission of HIV (77).

3. Conclusion

I have made no attempt to be encyclopedic about the history of testing for
STDs. However, this brief appraisal makes it clear that there has been a revolu-
tion in our ability to apply sensitive and specific tests for diagnosis, and as an
aid to therapy in a variety of STDs. Indeed, the development of such tests has
been directly linked to improved understanding of the epidemiology and natu-
ral listory of many STDs, as for instance HPV and HIV. We have come a very
long way from the mitial (successful} effort to make a serological test for syphi-
lis based on crude extracts of syphilitic liver tissue. In retrospect, it is not sur-
prising that Wassermann’s original serological test for syphilis actually
discovered increased serum antibody responses to what we now understand is
a normal tissue antigen:diphosphatidyl glycerol. If the original tests for STDs
sometimes depended as much on serendipity as the prepared mind and good
scientific reasoning, we certainly have now moved to a time and place where
hard science forms the basis for most of the new tests that are being developed
at a nearly breathtaking pace. New tests as well as a more open acceptance of
the importance of STDs have transformed the entire field. What we knew just
34 years ago pales in comparison to what we now know,



10 Sparling

The challenge is to deploy these tests and those that will follow in the most
cost effective manner, and to try to use them as adjuncts not only to treat, but
also to help in prevention. Perhaps the next generation of molecular tests will
include very inexpensive tests that are suitabie for use in the whole world.
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Neisseria gonorrhoeae
Detection and Typing by Probe Hybridization, LCR, and PCR

Charlotte A. Gaydos and Thomas C. Quinn

1. Introduction
1.1. Taxonomy

Neisseria gonorrhoeae, first described by Neisser in 1879, 1s a Gram-nega-
tive, nonmotile, nonspore-forming diplococcus, belonging to the family
Neisseriaceae. It 1s the etiologic agent of gonorthea. The other pathogenic spe-
cies is Neisseria meningindis, to which N. gonorrhoeae 15 genetically closely
related. Although N. meningitidis is not usually considered to be a sexually trans-
mutted disease, it may infect the mucous membranes of the anogenital area of
homosexual men (7). The other members of the genus, which include Neisseria
lactamica, Neisseria polysaccharea, Neisseria cinerea, and Neisseria flavescens,
which are related to Neisseria gonorrhoeae, and saccharolytic strains, such as
Neisseria subflava, Neisseria sicca, and Neisseria mucosa, which are less
genetically related to the aforementioned, are considered to be nonpathogenic,
being normal flora of the nasopharyngeal mucous membranes (2).

1.2. Clinical Significance

Gonecoccal infection may be either symptomatic or asymptomatic, and can
cause urethritis, cervicitis, proctitis, Bartholinitis, or conjunctivitis. Gonorrhea
is the most frequently reported bacterial infection in the US. In males, compli-
cations may include: epididymitis, prostatitis, and seminal vesiculitis, In
homosexuals, rectal infection and pharyngitis can occur, In females, most cases
are asymptomatic, and infections of the urethra and rectum often coexist
with cervical infection. Complications can include pelvic mflammatory dis-
ease, pelvic pain, ectopic pregnancy, infertility, Fitz-Hugh Curtis syndrome,

Fram Methods in Mplecular Medicing, Vol 20 Saxually Transmitted Digeases Methods and Protocols
Edcitecd by R W Paeling and P F Sparling @ Humana Press Inc , Totowa, NJ

15
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chortoamnionitis, spontaneous abortion, premature labor, and infections of the
neonate, such as conjunctivitis. Other serious sequelae, such as disseminated
gonococceal infection (DGI), occur rarely and can result in septicemia, septic
arthritis, endocarditis, meningitis, and hemorrhagic skin lesions ¢2}.

1.3. Standard Diagnostic Methods
1.3.1. Direct Smear Examination

A direct Gram-stain may be performed as soon as the specimen 1s collected on
site, or a smear may be prepared and transported to the laboratory. Urethral smears
from males with symptomatic gonotrhea usually contain intracellular Gram-
negative diplococci in polymorphonuclear leukocytes (PMNs). Extracellular
organisms may be seen also, but a presumptive diagnosis of gonorrhea requires the
presence of intracellular diplococc1. The sensitivity of such smears 1n males 18
90-95.0% (3). However, endocervical smears from females and rectal speci-
mens require diligent interpretation because of colonization of these mucous mem-
branes with other Gram-negative coccobacillary organisms. In females, the
sensitivity of an endocervical Gram-stamn is estimated to be 50-70% (3).

1 3.2. Antigen Detection

Gonococcal antigen may be detected by an enzyme immunoassay (EIA)
(Gonozyme, Abbott Laboratories, Abbott Park, I1L) for a presumptive diagno-
s1s. This EIA 15 about as sensitive and specific as a Gram stain in males, but 1s
less sensitive for use with endocervical specimens (4, 5).

1.3.3. Cuiture

The isolation and 1dentification of N. gonorrhoeae are the currently accepted
gold standard for the diagnosis of gonococcal infections (2). Specimens should
be inoculated onto nonselective media (chocolate agar}, on which all Neisseria
spp. will grow, or selective media, such as modified Thayer-Martin (MTM),
Martin-Lewis (ML), or New York City (NYC). Selective media contain anti-
microbial agents to inhibit commensal bacteria, nonpathogenic Nesseria sp.,
and fungi. MTM contains vancomycin, colistin, trimethroprim lactate, and nys-
tatin. ML contains the same antibiotics, except nystatin 1s replaced by
amisomycin, NYC, a clear medium containing hemolyzed horse blood and
plasma with yeast dialysate, contains vancomycn, colistin, trimethroprim
lactate, and amphotericin B. The selective media allow the growth of
N gonorrhoeae and N. meningitidis, while mhibiting, for the most part, com-
mensal neisseria. Rarely, some stramns of gonococer are susceptible to vanco-
mycin and trimethoprim (2). Thus, specimens from normally stenle sites, such
as blood, cerebrospinal fluid, and joint fluid, should be plated onto both nonse-
lective and selective media. Because pathogenic neisseria are nutritionally and



Neisseria gonorrhoeae 17

environmentally fastidious, the ideal method for transporting organisms 1s to
plate the specimens directly onto the selective or nonselective medium, and
immediately incubate the plates in an increased humidity atmosphere of 3—5%
CO,, at 35-37°C. The COy-enriched atmosphere is important, and with the
advent of commercial zip-locked bags with CO, generating tablets, specimens
should not be transported 1n Stuart’s or Amies medium,

Two levels of identification of isolated organisms may be used: presump-
tive and confirmatory. An isolate may be presumptively identified as N. gonor-
rhoeae when a Gram-negative, oxidase-positive diplococcus has been isolated.
Confirmatory identification requires that biochemical, fluorescent antibody,
chromogenic enzyme substrate, serological, or coagglutination tests be per-
formed to distinguish the 1solate from N. meningitidis, and Branhamella
catarrhalis, Kingella denitrificans, as well as nonpathogenic Neisseria spp.
Many of these methods are commercially available, none are perfect, and most
require an isolated subculture or colony.

1.4. The Molecular Expansion

Methods for the dentification of difficult to isolate bacteria and viruses by
molecular probing and DNA amplification have forever changed the science of
microbiology and infectious diseases.

1.4.1. Nonampiified Probe Assay

A DNA probe hybridization assay has been developed based on the fact that
complementary nucleic acid strands will bind together in a stabie doubie strand.
No amplification of the nucleic acid occurs. The target sequence of the riboso-
mal RNA of N. gonorrhoeae is hybridized by a chemiluminescent labeled single-
stranded DNA probe, which is complementary to it. After the removal of the
nonbound probe, the resulting stable DNA-RNA hybrid is measured n a
luminometer (the GenProbe Leader®). The results of the assay are calculated by
determining the difference between the chemiluminescence of the specimen and
the mean of the results from the negative reference. An advantage of this method
15 that there are no stringent transport conditions required, which makes it attrac-
tive for use with specimens that must be transported to an off-site laboratory.

Molecular techniques for the identification, sequencing, and amplification
of genes from N. gonorrhoeae have obviated the requirement for viable organ-
isms for the diagnosis of infecttons and for epidemiological typing studies. In
particular, the technology to amplify DNA from clinical specimens 18 so pow-
erful that theoretically a single-gene copy in a sample can be detected. The
power of the amplification methods has also led to the use of nonconventional
specimens types that are unsuitable for culture, such as urine, vaginal swabs,
and tissue from the upper reproductive tract (6, 7).
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The ability to amplify DNA has not been without problems associated with 1ts
use, however. Because even a single DNA sequence can be amplified, this power
has led to problems of contamination 1n the laboratory frustrating scientists and
questioning the interpretations of positive tests. Technology was soon developed
to prevent crosscontamination of specimens with laboratory amplicons (8).

1.4.2. Ligase-Chain Reaction (LCR)} for Genital Specimens and Urines

Birkenmeyer and Armstrong first reported the use of LCR for the detection
of N. gonorrhoeae by testing two probe sets against the opa genes and one
against the pilin gene (9). The use of four hapten conjugated probes allowed
the amplification of DNA from 136 isolates of N gonorrhoeae and none of
124 nongonococcal strains, including N. meningitidis. The probes sets were
designed for regions of the gonococcal genes, so that gap-filling and hgation
happened at sites of mismatch for other neisseria. The short gap formed after
hybridization with the adjacent oligonucleotides was filled by DNA polymerase
in the presence of dGTP, with the DNA ligase from Thermus thermophilus
sealing the nick (9).

Thermocycling of the reaction was performed in an automated temperature
cycler and consisted of 2733 cycles of two temperature steps: denaturation to
separate DNA strands, a lower temperature to allow annealing, gap-filling, and
ligation of the oligonucleotide probes. After cycling, a 40-pL portion was used
to detect amplified products (amplicons) by using an antomated Microparticle
Capture Enzyme Immunoassay (Abbott Laboratories). Antifluorescein-coated
microparticles were used to capture the ligated amplicons, which contained the
hapten-labeled probes: the capture hapten, fluorescein, and the detection hap-
ten, biotin. The captured products were detected by an antibiotin alkaline
phosphate conjugate, which used methylumbelliferyl phosphate substrate, to
produce a fluorescent product, methylumbelliferone, at a rate proportional to
the amount of ligated amplicon (9).

When the assay was tested for sensitivity, signals 2.2.—3.3 times background
were generated for as low as 1.1 gonococcal cell equivalents/LCR reaction. At
2.7 % 10? cell equivalents/LCR, signals 21—162 times background were gener-
ated, depending on which probe set was used. For specificity assays, none of
124 nongonococcal strains produced signals above background, when tested at
1.3 x 106 cells/assay (9.

Preliminary testing of 100 genital specimens demonstrated a sensitivity of 100%
and a specificity of 97.8%. Bloody and heavily exudative negative specimens
did not show loss of positive signal when spiked with gonococcal DNA (9).

A mulhicenter trial demonstrated that the overall sensitivity and specificity
of LCR (Abbott) for N gonorrhoeae were 97.3 and 99.8%, respectively, from
1539 female endocervical specimens (18). When culture was compared to
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resolved true-positive specimens, the sensitivity and specificity for culture were
83.9 and 100%, respectively. There were three culture-positive specimens that
LCR did not detect, which may have been caused by the presence of inhibitors.
However, culture missed 18 specimens that were positive by LCR and that
were confirmed to be true positives by using one of the alternative probe sets
developed by Birkenmeyer (9). The specimens used were from both high-
prevalence (15.9%) and low-prevalence (2.7%) populations. The additionai
detection of positives of LCR over that of culture ranged from 13.5% for STD
¢clinics to 25.9% for obstetrical/gynecology clinics (Lee et al., personal com-
munication}. Thus, the advantage of the LCR assay for screening in low-preva-
lence populations 1s of great value.

In the multicenter trial, which included both male urethral swabs and urine
from 1639 males, LCR had a sensitivity and specificity of 98.5 and 99.8% for
808 urethral swabs and 99.1 and 99.7% for urine, respectively ¢(10) (Lee et al.,
personal communication). LCR demonstrated a 5% extra pickup of positive
specimens compared to culture.

Smith et al. used LCR to screen urine for N. gonorrhoeae from 283 women
attending an STD clinic and compared the results to culture of the endocervix
and urethra (11). Positive LCR results were obtained for 51 of 54 women with
culture positive cervical or urethral specimens. Two of 229 women with both
cervical- and urethral-negative cultures had a positive LCR result. Discrepant
testing with alternative LCR probe sets revealed that the three urine LCR-nega-
tive/endocervix and urethral culture-positive specimens were from truly infected
patients, whereas the analysis indicated that the two urine LCR-positive/endo-
cervix and urethral culture-negative specimens were truly positive also. Thus,
the resolved sensitivity, specificity, positive predictive, and negative predictive
values for LCR of urine were 94.6, 100, 100, and 98.7%, respectively (11).

1.4.3. PCR for Genital and Nongenital Specimens

Although there are currently no FDA-approved commercial PCR assays
for the detection of gonococcal organisms, Ho et al. demonstrated that
PCR is highly sensitive and specific for use in clinical specimens to detect
N. gonorrhoeae (12). Clinical trials by Roche Molecular Systems (Branchburg,
NJ) for the coamphfication of N. gonorrhoeae and Chlamydia trachomatis in
genital swabs and urine specimens are currently in process. (Commercial PCR
assays for N. gonorrhoeae have been available in many countries, including
Canada, for many years.) Preliminary results from preclinical trials indicated
that the assay is highly sensitive and specific for gonococci (13, 14). For males,
the resolved sensitivity and specificity for urethral swabs were 97.3 and 98.9%,
respectively, and for urine, 94.4 and 98.2%, respectively. In contrast, the sensi-
tivity of urethral culture was only 76.6%. For females, the resolved sensitivity
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and specificity of endocervical swabs were 95.2 and 97.7%, respectively, and
for urines, 88.9 and 94.3%, respectively, whereas the sensitivity of endocervi-
cal culture for gonorrhoea was 71.4% (13).

The method of Ho et al. used primers from the cppB gene, which is carried
on both the chromosome and the 4.2-kb cryptic plasmid of N. gonorrhoeae to
amplify DNA successfully from 33 gonococcal strains. None of the 12 other
Neisseria spp. or 13 gemital commensal bacteria produced the expected
390-bp product by ge! electrophoresis. Neisseria denitrificans gave an amph-
fied product, but of 190 bp. The specificity of the gonococcal-amplified prod-
uct was confirmed by the use of the restriction enzyme Mspl, which cleaved
the amplicon product into 2 fragments of 250 and 140 bp. When the procedure
was used for 52 clinical specimens, 34 of 34 culture positives were success-
fully detected by PCR. In addition, PCR identified two culture-negative cases
of gonorrhoea, which were confirmed positive by testing with an ELISA
method (Gonozyme, Abbott).

In addition to the use of PCR in genital specimens, there have been several
other applications of the PCR technology to detect N. gonorrhoeae 1n
nongenital specimens. Primers for the structural gene of the outer membrane
protein III, which is universally present in all gonococcal strains, were used
in conjunction with a set of nested primers to amplify DNA in 11 of 14 syn-
ovial fluids from arthritis patients from whom cultures were negative for
N. gonorrhoeae (15). The sensitivity was 78.6%, and the specificity was 96.4%,
Samples from Reiter’s syndrome patients were negative by contrast. Murahdhar
et al. detected gonococcal DNA in synovial fluid from five of eight arthritis
patients with systemic infection of N. gonorrhoeae (16). Two culture-negative
patients were positive by PCR, and all patients with positive synovial flud
cultures were PCR-positive.

1.4.4. Multiplex PCR for Detection of C. trachomatis
and N. gonorrhoeae in Genitourinary Specimens

Mahony et al. published a multiplex PCR (M-PCR) for both of these
organisms (6). Standard PCR techniques were used, and the primers for
N. gonorrhoeae were HOI and HO3, which amplify a 390-bp fragment of the
cppB gene on the cryptic plasmid (72). Ho’s method 15 described above. The
primers for C. trachomans were KL1-KL2, which amplifies a 241-bp fragment
of the genetically conserved plasmid (Z7) (see Chapter 3). First-void urine
and urethral swabs from males and female endocervical swabs were tested.
The sensitivity of M-PCR for detecting N. gonorrhoeae 1n urethral specimens
was 92.3% (12 of 13 positives), compared to culture and for C. trachomatis
100% (22 of 22 positives). The specificities were 100% for both N, gonorrhoeae
(178 of 178) and C. trachomatis (187 of 187).
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1.4.5. Epidemiological Typing of N. gonorrhoeae Isolates

O’Rourke et al. used PCR followed by restriction-fragment-length polymor-
phism to perform opa gene typing successfully (18). The method appeared to
be highly discriminatory and could differentiate between isolates of the same
auxotype/serotype class. Identical opatypes were obtained from known sexual
contacts. From one STD clinic, there were 41 opatypes from 43 consecutive
1solates.

Eleven distinct and highly variable opa genes from N. gonorrhoeae were
amplified using primers that onty amplified the region encoding the mature
Opa proteins.

This chapter will address the use of two FDA-approved DNA tests for
N. gonorrhoeae: the unamplified probe test (Pace 2, GeneProbe, San Diego
CA) and the amplified DNA test, LCR (Abbott Laboratories). Also discussed
will be the PCR test for the coamplification of both N. gonorrhoeae
and C trachomailis (Roche Molecular Systems). Several other noncom-
mercialized PCR applications are available to identify both of these organ-
isms (multiplex PCR} (6) for use with body fluids, such as synovial fluid (75,76)
and for epidemiological typing systems (18), and these will be reviewed (see also
Chapter 9 for more details on typing).

2. Amplitied DNA and Nonamplified Probe Assays
2.1. Probe Hybridization (Pace 2, GenProbe) for Clinical Swabs

2.1.1. Specimens

The test 1s FDA-approved for the detection of N. gonorrhoeae 1n male ure-
thral and female endocervical swab specimens, as well as for the identification
of N gonorrhoeae from culture 1solates (see Notes 1-3). Only swabs available
from the Pace collection kit should be used, and only the GenProbe transport
media can be used to transport specimens to the testing site (see Note 4).

2.1.2. Materials

Almost all materials are provided n the commercial kit and include: Probe
Reagent, Hybridization Buffer, Selection Reagent, STD Separation Reagent,
STD Wash Solution, Positive Control, STD Negative Reference, Polystyrene
Tubes, and Sealing Cards. Available separately from the manufacturer are the
Detection Kit (Reagents I and II) and the Magnetic Separation Unit.

2.1.3. Equipment

Luminometer (Leader®) 1s available only from GenProbe (San Diego, CA)
Covered water bath (60°C)
Vortex mixer,
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2.2. LCR for Genital Specimens (Abboti)
2.2.1. Specimens

Only swab spectmens collected with the Abbott Lex Swab Collection and
Transport Kit may be used. Storage conditions are as follows:

1. Prior to sample preparation: at 2-30°C, 4 d, and at —20°C, 60 d (see Note 5).
2 After sample preparation; at —20°C, 90 d.
3. After amphfication' at 15-30°C, 72 h

Sample processing steps include:

1. Allow samples that have been frozen after collection to thaw at room temperature
2 Heat in a dry heatg block at 97 £ 2°C for 10 min
3. Allow to cool to room temperature for 15 min

2.2.2. Materials

Almost all materials and reagents are provided in the commercial kit and
include: unit dose tubes, positive calibrator and negative controls, and the unit
pack of LCx enzyme immunoassay detection reagents. Additional materials
required include aerosol barrier pipet tips and pipetters.

2.2.3. Equipment

Perkin-Elmer Cetus Thermocycler (Emeryville, CA)
Dry heat block.

Microcentnifuge

LCx automated enzyme immunoassay machine (Abbott)

2.3. LCR for Urine Specimens (Abbott)
2.3.1. Specimens
Specimen collection (males and females) (see Note 6):

I Instruct the patient not to urinate for | h before collection of the unine

2 Instruct the patient to collect the first 1520 mL of voided urine {the beginmng
part of the urine stream) into an empty sterile collection cup

3 Refngerate the specimen immediately at 2—-8°C or freeze at -20°C or lower.

2.3.2. Specimen Transport and Storage

1. From the collection site, urine specimens can be shipped to the laboratory at
2—8°C or frozen, and must arrive within 24 h of shipment On arrival, the urine
may be stored at 2-8°C or frozen until processed.

2. In the laboratory, prior to sample processing, urine spectmens stored at 2—8°C
must be processed within 4 d of specimen collection Urine specimens stored at
—20°C or below must be processed within 60 d of specimen collection. Once
frozen, urine should not be thawed until ready for processing and testing
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3 After sample preparation, the processed urine may be frozen at —20°C for 60 d
After amplification, the samples may be stored up to 72 h at 15-30°C

2.3.3. Materials

The materials are as outlmed above, except that sterile microcentrifuge tubes
and plastic, single-use, 1-mL transfer pipets for processing the urine samples
are required.

2.3.4. Equipment

The equipment is the same as outlined above, except that the microcentrifuge
must be capable of speeds of 9000g.

2.4. PCR for Genital Specimens
2.4.1. Specimens

Urethral or cervical swabs may be collected n saline and transported at room
temperature. For urine collection, transport, and storage, please refer to Sub-
headings 2.3.1, and 2.3.2.

2.4.2. Materials

1 Two 20-mer oligonucleotide prumers. HO1: (3*GCTACGCATACCCGCGTTGC3Y)
and HO3: (5'CGAAGACCTTCGAGCAGACA3ZY.

2 Mspl restriction enzyme (Gibco/Bethesda Research Labs, Gaithersburg, MD).

3 General PCR reagents may be purchased separately from many supphers or may
be purchased in kit form from Perkin-Elmer (Cetus, Emeryville, CA) These
meclude 200 uM each deoxyrnbonucleotides (dATP, dCTP, dTTP, dGTP), LIX PCR
reaction buffer (50 mAf KCI, 10 mM Tns, pH 8.3, 100 pg/mL bovine serum albu-
min, 1 5 mM MgCl,;), and Tag polymerase

4 General-laboratory supplies, such as aerosol barrier pipet tips, PCR tubes, min-
eral o1l electrophoresis running buffer, mol-wt markers, agarose, and ethidium
bromude (EtBr) stain are also required (79},

2.4.3. Equipment

Perkin-Flmer Cetus Thermocycler

Dry heat block

Microcentnfuge.

Electrophoresis apparatus and power supply.

2.5. Epidemiological Typing
2.5.1. Specimens

Specimens are obtained from gonorrhoea patients or stock stramns. N gonor-
rhoeae isolates are streaked across GC agar (Difco) plus IsoVitaleX (Becton
Dickinson).
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2.5.2 Materials

Tns-HCI, EDTA, lysozyme, phenol/chloroform/iscamyl alcohol, ethanol,
protease K, Triton-X, TE buffer, standard PCR reagents, agarose, GeneClean
(Bio101, Inc), [o-P32]-dCTP, nondenaturing polyacrylamde gel, and X-ray film.

Oligonucleotide primers: The upstream primer corresponds to nucleotides
663684, and the downstream primer corresponds to nucleotides 1227-1208 in
the numbering scheme of Bhat et al. (28). Opa-up: (5'GCGATTATTTCA
GAAACATCCG-3") and Opa down: (5-GCTTCGTGGGTTTTGAAGCG-3").

Restriction enzymes: Tagl, HinPl, and Hpall,

2.5.3. Equipment

Thermocycler (Perkin-Elmer Cetus)
Water bath
Electrophoresis apparatus

3. Methods
3.1. Probe Hybridization (Pace 2, GenProbe)

The detailed procedure may be found in the package insert. A brief descrip-
tion 1s included herein.

3.1.1. Sample Preparation

Vortex swab, express hquid from swab, and discard the swab.

3.1.2. Reagent Preparation

Probe reagent: Vortex the probe reagent, and warm the hybridization buffer
at 60°C for 3040 s. Place 6.0 mL of hybridization buffer into the lyophilized
probe reagent. Allow to stand for 2 min and vortex,

Separation suspension: Calculate the volumes of selection reagent and
separation reagent needed for the number of tests to be performed. Mix two
reagents i a ratio of 10 mL of selection reagent and 0.5 mL of separation
reagent. (Stable for 6 h at room temperature.}

3.1.3. Hybridization

1 Label tubes. Include three tubes for the negative reference, and one for the posi-
tive control. Insert tubes into rack of the magnetic separation unit

2 Vortex controls and specimens for S s Pipet 100 uL of the controls and speci-
mens into the bottom of the respective tubes

3. Pipet 100 pL of the probe reagent into the bottom of each tube Cover the tubes
with sealing cards, and shake the rack 3—5 times.

4 Incubate the tubes 1n the 60°C water bath for 1 h Ensure that the leader 1s pre-
pared for use and that sufficient volumes of detection reagents I and 11 exist
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3.1.4. Separation

1. Remove rack from water bath and remove sealing cards. Pipet 1 mL of nmixed
separation suspension into each tube.

2. Cover the tubes with sealing cards, and shake vigorously three to five times.
Incubate the rack in the 60°C water bath for 10 min.

3 Remove rack from water bath, remove sealing cards, and place the rack on the
magnetic separation unit for 5 min at room temperature

4. Holding the rack and unit together, decant the supernatant, shake unit, and blot
tubes three times for 5 s each. Do not remove rack from umt. Fill up each tube
with wash solution, and allow the tubes to remain on the unit for 20 min at room
temperature

5 Decant supernatants, and shake unit two to three times before righting Do not
blot. Separate rack from the unit, and shake the rack to resuspend the pellets

3.1.5. Detection

Set up the leader software. Wipe each tube to remove residue on outside tube.
Ensure pellets are resuspended, and insert into the leader, following prompts.
Read three negative reference tubes, positive control, and then specimen tubes.

3.1.6. Resuits and interpretation

The results are calculated based on the difference between the response 1n
relative light umts (RLU) of the specimen and the mean of the negative refer-
ence. The leader prints the specimen response and a negative or positive inter-
pretation, as compared to the cutoff value,

A specimen 1s considered positive 1f the difference 15 greater than or equal to
300 RLU, and negative 1f the difference is <300 RLU (see Notes 1—4).

3.1.7. Pace 2 (GenProbe) for identification of Culture Isolates

When testing organisms isclated from chocolate or modified Thayer-Martin
agar plates, prepare a bactenal suspension in saline having the same turbidity
as #1 barium sulfate MacFarland standard, mix well, add 100 pL to a GenProbe
transport tube, and vortex. All further directions are as stated above. A speci-
men is considered positive if the cutoff value is 10,000 RLU above the mean of
the negative reference.

3.2. LCR for Genital Specimens

The detailed procedure may be found in the package insert. A brief descrip-
tion follows.

1. Prepare a positive calibrator and negative control vial by adding 100 pL of acti-
vation reagent to each vial After the heated specimens are cooled to room tem-
perature, add 100 pL of the specimen from the transport tube to unit dose tubes,
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which have been pulse-centrifuged to remove condensation from the top of the
unit dose tube. After all specimens have been added to the unit dose, add 100 puL
of each of the positive calibrator and negative controls to each of the unit dose
tubes Set up 2 positive calibrator and 2 negative controls for each 20 specimens.
Place the tubes into the thermocycler in order according to prepared template
contaning a map of the specimen numbers. Start the thermocycler by selecting
the preprogrammed gonococcal thermocycling file, and push start The thermo-
cyching file consists of 40 cycles of the following 3 cycles. 97°C for 1 s, 55°C for
1 s, and 62°C for 50 s.

At the end of the thermocycling step, remove the unit dose tubes, and briefly
pulse-centrifuge the tubes to remove condensation from the tops of the tubes.
Insert the unit dose tubes into the wheel of the LCx EIA machine containing the
carriers for the unit doses. Insert a pack of the EIA reagents and push start The
machine should have previously passed the necessary daily and weekly quality-
control checks for temperature, reagents (specimen dituent and mmactivation
reagent volumes}, and optical density, specified by the manufacturer.

At the end of the cycle, the machine will 1ssue a tape with the calibration and
negative control results, a calculated cutoff value, and will indicate the result
for each specimen from 1-24. Each thermocycler run requires that 2 LCx EIA
cycles be run

3.2.1. LCR for Urine Specimens

1

Allow the urine to thaw 1f frozen. Mix the urine by swirling. Using an aerosol
barner pipet, transfer I mL of urine nto a urine microfuge tube from the urine
specimen preparation Kit.

Centrifuge the urine at 29000g for 15 mun (£ 2 mn) tn a microcentrifuge,

Using a fine-tipped, disposable, plastic transfer pipet or a pipetter with a 1-ml. aero-
sol pipet tip, aspirate and drscard the urine supernatant, being careful not to dis-
lodge the pellet, which may be translucent. The removal of the supernatant must
be performed within 15 min of centrifugation.

Using aerosol barrier pipet tips, add 1.0 mL of Lex urine specimen resuspension
buffer. Close the lid, and vortex until the pellet is resuspended Secure the top
with a cap lock

Preheat the dry bath to 97°C (£2°C), which will require 40 min, Insert the speci-
mens into the wells of the dry bath, and allow the heat block to stabihize back to
temperature. Heat the specimen for 15 min.

Allow the specimens to cool to room temperature for 15 min (£5 mun). Pulse-
centrifuge the cooled specimen for 10—15 s Test the processed specimen imme-
diately or store for up to 60 d at —20°C or below prior to testing.

Using aerosol barrier pipet tips, add 100 pL of each processed urine specimen to
the labeled unit dose amplification vial. Prepare and test controls as indicated for
swab testing. Place the controls and specimens into the thermocycler, and initiate
the cycling as described above.

The detection assay is performed as previously described for swab specimens.
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3.3. PCR for Genital Specimens
3.3.1. Specimens

Obtain clinical specimens by using phosphate-buffered saline prewet swabs
and transport in 2 mL of phosphate-buffered saline. They may also be frozen at
—~20°C. For processing, vortex the specimen and remove the swab. Centrifuge
the spectmen for 5 mm at >29000g to pellet the cells. Remove the supernatant
by aspiration and resuspend the cells i 100 pL of 1X PCR buffer containing
Tween-20 (45%) and protemase K (200 pg/mL). Incubate the suspension at
50-60° C for 1 h. and heat to 95°C for 10 min to destroy the proteinase K.
Fifty microliters are used for testing.

3.3.2. Amplification

1 The total reaction volume for each PCR will be 100 pL A master mix may be
made and dispensed (50 pL) to each tube, and the specimen {50 uL) can be
added last For each PCR reaction, the following are needed' 10 pL primer
HOI1, 10 uL HO 3, 10 uL dNTP mixture, 10 pL. 10X PCR buffer, 0.5 pL Tag
polymerase, 9.5 uL molecular-grade water. Multiply each reagent volume by
the desired number of PCR tests plus negative and positive controls plus
approximately three extra for pipeting bubbles, and make a master mix
(see Note T).

2 Dispense 50 pL to each tube.

3 Add 50 pL of prepared specimen or control specimen, add one drop of sterile
muneral oul, and place all tubes into the thermocycler.

4, Program the thermocycler io perform 40 cycles of the following: denaturation at
94°C for 30 s, annealing at 55°C for 1 mun, and extension at 74°C for 30 s,

3.3.3. Detaction

Analyze 10 uL of araplified product by agarose or acrylarmde gel electro-
phoresis. Use 1-2 pL of tracking dye according to standard electrophoresis
methods (79). Stain the gel with ethidivm bromide, and examine it with UV
light for the presence of the expected 390-bp fragment,

3.3.4. Restriction Digestion

For those specimens and controls producing the expected 390-bp band,
digest 5 pL of the amplified PCR product with 5§ U of Mspl according to
manufacturer’s directions at 37°C for 2 h in a final volume of 20 pL, using the
buffer supplied by the manufacturer. Examine the digested products for the
specimens and controls again by electrophoresis for the two expected frag-
ments of 250 and 140 bp, respectively. This demonstrates the specificity of the
original amplified product for sequences specific for the ¢ppB gene, since the
restriction site sequence 18 contained m the PCR product.
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3.4. Epidemiological Typing of PCR
3.4.1. Preparation of Chromosomal DNA

After overnight incubation, resuspend the confluent growth from a plate in
1 mL of 50 mM Tris-HCl and 20 mM EDTA, pH 7.4, Add lysozyme (20 uL of
10 mg/mL), Incubate for 10 mun at room temperature. Add an equal volume of
2% Triton-X and 50 mM Tris-HCI, pH 7.4. Freeze on dry ice and rethaw to
ensure full cell lysis

3.4.2. DNA Exiraction

Transfer the lysate (500 pL) to a microfuge tube, extract iwice with phe-
nol/chloroform/isoamyl alcohol (25.24:1), once with chloroform, and precipi-
tate the DNA with ethanol. Dry centrifuged pellet, and resuspend in 100 pL
Tris-HCl and | mid EDTA, pH 7.4 (TE buffer).

3.4.3. Opa Typing

Perform PCR amplification for 25 ¢ycles in a 100-pl volume containing
0.5 pg of each primer, 200 ng of chromosomal DNA, 10 mM Tris-HCI,
pH 8.5, 0.2 mM of each ANTP, 2.5 mM MgCl,, 50 mM KCl, and 0.2 mg/mL
gelatin. Heat samples to 95°C, cool over a 20 min period, and add 2.5 U of Tag
DNA polymerase. The cycling program: 72°C for 2 mun, 95°C for 1 min, 68°C
for 2 min. Extend the final extension reaction at 72°C for 5 min. Cool the
samples over a 30-mun period to 4°C.

3.4.4. Electrophoresis

Apply the entire PCR reaction to 1% agarose gel and electrophorese, Extract
the 550-bp opa gene fragments from the gel, and purify using GeneClean
Resuspend at 25 pg/pL in TE buffer.

3.4.5. Restriction Digestion

Digest the fragments at 65°C for 2 h with 2 U of Tagl (or Hpall or HinPI} n
a volume of 20 ul using the buffer recommended by the supplier. End-label
the resulting digests with [a-32P}-dCTP, fractionate on a 6% nondenaturing
polyacrylamide gel, and expose to X-ray film as descrnibed by Zang et al. (21).

3.4.6. Interpretation of Resulis

Compare the overall patterns of DNA fragments from the opa genes of the
different gonococe: with each other and with those m existing databases. The
images on the X-ray films can be captured as tagged format files (TIFF) vsing
a Hewlett-Packard ScanJet licx high-resolution scanner. Cluster analysis can
be performed by GELCOMPAR software (Applied Maths, Kortrijk, Belgum)
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Isolates whose Tagl opa types are identical or are similar can be investigated
further using Hpall and HinPl enzymes.

3.5. Concilusion

Because commercial applications and kits for the molecular amplication of
DNA from genitourinary and other specimens are becoming available, routine
clinical laboratories must address whether they can successfutly adapt to the
molecular identification procedures of N. gonorrhoeae and other organisms
that cause STDs. Manufacturers must also address such issues as specimen
preparation, the presence of inhibitors, and the possibility of contamination.
As these and other 1ssues are resolved, the amplified technology will move
from the research arena to the routine clinical laboratory. Innovative tests,
which allow for the testing of several organisms 1n a single assay, will simphfy
testing modalities and will help drive costs down. Future cost-effective analy-
ses, which take into consideration the costs of the disease sequelae that are
prevented from happening, will also justify the higher costs of amplified DNA
testing modalities.

4. Notes

I The Pace 2 assay has been approved only for use with genital swab specimens
and culture suspensions, and must not be used for other specimen sources

2. Grossly bloody specimens (>80 pL 1n | mL transport) may interfere with perfor-
mance of all the molecular assays

3 Molecular methods should not be used for suspected cases of child abuse, rape,
or 1n other instances where adverse psychosocial outcomes may occur. Culture
should be used for all such cases and 11 any medicolegal situation

4. Chnical evaluations of the assay probe hybrichzation have supported the reported
ligh sensitivity and specificity of the assay reported in the package mnsert Of
published reports, the sensitivity ranged frem 96.3 to 100% and specificity from
98.8 t0 99 6% (22-26) Additionally, Limberger reported specimens were stable
for up to 1 mo storage at room temperature (25) Another advantage of this assay
1s that the same specimen can be used for the detection of C trachomatis using
the same test technology The DNA probe assay has alse been reported to be
reliable for a test of cure assay as early as 611 d after treatment (27)

5. A great advantage of both LCR and PCR assays for genital swabs is that the
specimen 1n the transport tube 15 stable at room temperature (or at 4°C) for up to
4 d, thus removing the need for stningent transport conditions required for cul-
tures In addition, the same swab can be used for the detection of C frachomans.
Both of these facts make LCR and PCR tests desirable assays for use 1n large
sCreening programs.

6. Because urines are easily obtained, noninvasive specimens, the ability to use them
for screening purposes for gonorrhea offers a great advantage in terms of large
public health screening programs, when there is no opportunity to obtain a cervi-
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cal or urethral specimen, and for young sexuvally active patients, such as high
school students, who are not 1n contact with a health clinic. Additionally, because
urwnes can be refrigerated or frozen, there are no stringent transport conditions, as
required for culture

In order to prevent contamimation of PCR assays with DNA from pnior PCR
amplicons, specimen preparation shouid be performed mn a room separated from
where the PCR products are detected and from where the PCR is set up In addi-
tion, 1t 15 becoming increasingly important to adapt a chemical method to assure
decontamination of reagents used in PCR assays. Commercial companies have
these methods built into their assays Several methods exist, such as the use of
the enzyme wracil N-glycosylase and isopsoralen, and have been compared and
explained n detail (8) It is strongly recommended that one of these method be
used 1n all laboratories using any noncommercial PCR assay, routinely.
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Molecular Diagnosis of Chlamydia trachomatis
Infections by Probe Hybridization, PCR, LCR, TMA,
and Q-p Replicase

Max A. Chernesky and James B. Mahony

1. Infroduction

The use of cell cultures for the laboratory diagnosis of Chlamydia trachomatis
infectrons was popularized during the 1970s and 80s (/). The techniques
required live organisms and were restricted to specialized laboratones. During
the 1980s the detection of chlamydia-specific antigens was extensively used
and compared to cell culture, provided a less stringent transportation of chini-
cal specimens, Both direct fluorescent antibodies (DFA) and enzyme immuno-
assay (EIA) systems were commercialized (57} and algorithms for confirming
false positives were popularized (8,9). The first nucleic acid detection assay
for C. trachomatis was evaluated during this time frame with comparisons to
culture and antigen detection (10—14). In the early 1990s, the following
amplified nucleic acid assays detecting C. trachomatis gene fragments were
developed: polymerase chain reaction {PCR), ligase-chain reaction (LCR),
Q- replicase-amplified hybridization (QBRAH), transcription-mediated
amplification (TMA), and nucleic acid sequence-based amplification (NASBA).
Extensive evaluations of PCR and LCR have shown, through discordant analy-
sis and expansion of the reference standard for positives, that these amplified
assays are 20-30% more sensitive than culture, antigen, or nonamplified
nucleic-acid detection methods (75-29). This range in sensitivity (for PCR
and/or LCR) 1s influenced by the rate of inhibitors of amplification found in
clinical specimens. The multispecimen evaluations with the use of several dif-
ferent assays have shown both PCR and LCR, for example, to be highly spe-
cific if appropriate anticontamination precautions are exercised, Thus, the
proper use of these assays should provide added sensitivity without a need to
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confirm positives (28,29). Recent data have shown the successful use of ampli-
fied probes on noninvasive specimens, such as first-void urine (FVU) in both
men (22,23) and women (22,24,25) and introitus specimens in women {31,
which should enable the implementation of chlamydia screening programs in
asymptomatic men and women.

2. Materials
2.1. Solutions

1 Lysis buffer. 50 mM KCl, 10 mdf Tris-HCI, pH 8.3, 2 5 mM MgCl,, 0.01% gela-
tin, 1% Tween 20, and 200 pg/ml, proteinase K

2. TE buffer: 10 mM Tns-HCI, pH 7.4, 0.1 mM EDTA.

3 Chaos buffer for RN A extraction: For 100 mL combine the following. 50 g GuSCN
(4 2 M), 2.5 mL 20% Sarkosy?, | 25 mL 2 M Tris HCI, pH 8.0, dH,0 to 99 3 ml,,
and filter these through a 0 45-pm Millipore filter Then add 0.7 mL -mercapto-
ethanol/100 mL just prior to use,

4. PCR reaction buffer (10X): 500 mdf KC1, 100 mM Tns-HC1 pH 8.3, 25 mM MgCl,,
0.1% (w/v) gelatin

5 PCR master mix for 30 reactions® Glass-distilled stenle H,O (2325 L), 10X PCR
reaction buffer (300 pL), ANTP mux, 12.5 mMf each (48 pl), primer #1 200 mM
(7 5 pL), primer #2 200 mAf (7 5 pL), Cetus Ampli Tag (5 U/mL) (12 uL)

6 LCR reaction mix: 50 mM HEPES, pH 7 8, 10 mdf MgCl,, 10 md NH,CI,
100 ma KCl, 1 mM DTT, 10 pg/mL BSA, 0 1 mM NAD, 50 pM dCTP, or appro-
priate dNTP for gap-LCR, thermostable DNA ligase from Thermus thermophiis
(2 U/50 uL) from Molecular Biological Resources (Milwaukee), 10! mol of each
of four primers.

7 NASBA 4X primer mix: primer 1 (0.8 uM), primer 2 (0.8 udf), DMSO (120 pL),
sterile water (bring up to 200 mL),

8. 2.5X buffer mix (5 mL)" 1 M Trs (500 pl), 1 M MgCl, (150 pl), 2 M KCI
{262 5 pL)y, 100 mM dNTPs (125 pl each), 100 mM ATP (250 pl.), 100 mM CTP
(250 pL), 100 mM UTP (250 pL), 100 mM GTP (187.5 L), 100 mM ITP (62 5 pl),
sterile water (2.962 m)

9 NASBA buffer-primer mix (1X)* 2 5X buffer (10 pL), sterile water (1 75 uL),
4X primer mix (6.25 pL).

10. NASBA enzyme mix (1X): BSA (0 13 L), RNase H 1 2 U/uL (0 12 pdl), T7 RNA
polymerase 40 U/pL (0.66 uL), AMV RT 10 U/uL (0 32 plL), 4 M sorbitol (0.685 pL),
1 M DTT (0125 gL},

11. Q-p replicase sample processmg buffer: 8 M GuHCI, 0.6% Sarkosyl (or CTAB),
100 mM Tns-HCL, pH 7.8, 20 md/ EDTA.

12 Q-P replicase probe dilution buffer: 100 mM Tris-HCI, pH 7.8, 20 mM EDTA.

13. Q- replicase low-salt buffer: 100 mM Tris-HCL, pH £ 1, 20 mM EDTA, 25 mAM NaCl,
0 2% Sarkosyl, 0.05% BSA, 0.05% Bronopol.

14. Q-B replicase GuSCN release buffer 240 mM Tris-HCI, pH 7 8, 60 mM EDTA,
3 M GuSCN, 0.6% Sarkosyl
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15 Q-P replicase GuHCI detection buffer 100 mM Tns-HCL, pH 7.5,20 mM EDTA,
8 M GuHCI

16  Q-P replicase buffer; 220 mM Tris-HCI, pH 7 8, 40 mM MgCl;, 1 2 mL each
GTP, ATP, CTP, UTP, 2 pug/mlL propidium rodide, 25% glycerol, 100 pg/mL
Q-p replicase.

17 Q-B replicase high-sait buffer 100 mAf Tris-HCI, pH 8.1, 20 mM EDTA,
300 mM NaCl, 0.2% Sarkosyl, 0 05% BSA, 0 05% Bronopol.

2.2, Equipment

All methods require a microfuge, vortex mixer, heat block and micropipeters
with adjustable volumes. PCR and LCR both require a thermal cycler. There
are several companies that sell thermal cyclers, most of which use heat blocks
that accept thin-walled 0.5-mL PCR tubes. Perkin Elmer (Branchburg, NJ), the
leader in this field, sells both a 24- and 96-weli model, which has a heated ind
for oil-free amplification. Roche Molecular Systems {Branchburg, NJ} has
recently developed an automated sysiem called Cobas Amplicor™ that has
two or four 12-well heating blocks and a built-in EIA detection station. LCR
from Abbott Diagnostics (Chicago, IL) requires an LCx anzlyzer for detection
of specific LCR products. Gen Probe’s PACE®2 and TMA assay (San Diego,
CA) require a leader 550 luminometer, a water bath, and a dry heat block.
Q-B replicase (32,33) uses a magnetic block separator, an eight-channel aspi-
rator, and a 96-well kinetic fluorometer containing a 37°C heat block (Gene-
Trak Systems, Framingham, MA) for measuring binding of propidium todide
to amplified RNA. In-house DNA or RNA amplification assays require agar-
ose-gel electrophoresis, Southern blottings, or hybridization equipment,

3. Methods
3.1. Specimens

C. trachomatis nucleic acid (DNA or RNA) can be detected in a wide range
of clinical specimens, including urethral and cervical swabs, FVU, vagnal
introitus swabs, and rectal swabs using a variety of molecular techniques. Com-
mercial tests employ different unique extraction protocols that may use deter-
gents, heat, or both to release DNA and RNA from infected cells. Extraction of
nucleic acids for in-house detection methods can be performed using a variety
of methods, including a combination of the following techniques: phenol-chlo-
roform, guanidium 1sothiocynate spin columns, silica particle adsorption. Some
examples of nucleic acid extraction kits are GENECLEAN 11 (BIO 101 Inc.,
Vista, CA) and X-TRAX™ (Gull Laboratories, Salt Lake City, UT).

Specimens to be tested by Amphcor™ PCR or LCx should be processed
according to the manufacturer’s instructions. The following protocol can be
used for extraction of DNA and RNA for in-house assays.
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3.2. DNA Extraction

| For isolation of DNA for tissue samples or swabs, transfer cells or tissue to a
1 5-mL microfuge tube and pellet. For urine samples or specimens collected in
transport media, spin approx 0 1 mL of sample in a microfuge tube 20-30 mun at
14,000 rpm.

2 Duscard the supernatant and process the pellets by adding a 100 pL vol of freshly
prepared lysis buffer,

3 Incubate the specimens at 55°C for | h or overmight at room temperature.

4. Heat-nactivate proteinase K by heating samples at 94°C for 10 min if the crude
specimen is to be amplified directly.

5 Bnefly spin the tubes in a microfuge to pellet the condensation.

6. Add an equal volume (200 pL) of phenol/CHCly/1soamyl alcohol {50.48.2) to the
lysate, and mix by inversion.

7 Centnfuge for 5 min at 14,000 rpm to separate the phases

8. Transfer the top aqueous phase to a fresh microfuge tube, and add an equal vol-
ume (approx 200 pl.) of CHClyiscamyl alcohol (98°2 viv)

9. Mix well, and centrifuge as above,

10 Transfer the aqueous phase to a fresh microfuge tube, and add 3 M sodum acetate,
pH 3.2, to a final concentration of 0 25 M.

{1 Add2vol of 5% ETOH (400 L), and precipitate the DNA at—70°C for 30 min
or at —20°C overnight.

12 Centrifuge the samples at 14,000 rpm at 4°C for 30 mun.

I3 Wash the pellet once with 70% ETOH, and centrifuge at 14,600 rpm for
10 min at 4°C.

4. Air-dry the pellet and resuspend in H,O or TE buffer

3.3. RNA Extraction

All solutions must be RNase-free and should be prepared with double-fil-
tered deionized water using disposable plastic pipets and diethylpyrocarbonate-
(DEPC) treated glassware. DEPC-treated water should be used throughout to
prevent degration of RNA., Negative and positive patient specimens should be
added as controls for the extraction procedure.

1 Transfer 100 uL of serum, 100 mg of homogemzed tissue, or 10°-10° mamma-
lian cells to a 1 5-mL mucrofuge tube Resuspend tissue and cells in 100 pl. of
dH,O or TE buffer

Add 600 pL of chaos buffer {with mercaptoethanol added!),

Incubate for 30 min at room temperature

Add 700 pL. of phenol/CHCI3/isoamyl alcohol, and mix well by inverston
Centnifuge for 10 mun at 14,000 rpm,

Transfer aqueous phase to a fresh 1.5-mL microfuge tube, and add 700 pl. of
CHCl/isoamyl alcohol

Mix well by mversion, and centrifuge as above

Transfer upper aqueous phase to a fresh 1.5-mL microfuge tube,

SRS

oG =]
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9, Add 3 M NaQAc, pH 5.2, to a final concentration of 0.25 M, and add 1 vol of
15opropanol
10. Mix well by inversion. Store at —70°C for at least 30 mun or —20°C overnight.
11 Centrifuge for 30 min at 4°C at 14,000 rpm.
12 Wash pellet once with 70% EtOH
13 Dry pellet, and dissolve in 10-30 pL of dH,0

3.4. Test Protocols
3.4.1. Nucleic Acid Hybridization (NAH)

GEN-PROBE’s PACE®2C assay detects both C. trachomatis and Neisseria
gonorrhoeae using a single swab. The specimen is freated to release 16S IRNA
target, which is then reacted with an acridinium ester-labeled DNA probe. The
probe target hybrid is captured onto magnetic beads and detected by chemilu-
minescence using a luminometer. The PACE®2C assay reagents are prepared
by GEN-PROBE and are proprietary; however, the approach 1s straightfor-
ward and could be adapted in the research laboratory for use 1 detecting spe-
cific sequences. The following 1s the PACE®2C procedure:

Express the fluid from the swab, vortex, and transfer 100 pL to a labeled tube
Add 100 pl. of probe reagent.

Incubate at 60°C for 1 h

Add 1 mL separation solution containing negative beads

Incubate at 60°C for 10 mun.

Decant solution using magnetic block separator

Full each tube with wash solution, and let stand 20 min.

Decant wash solution, and add substrate.

Read tubes in leader luminometer.

0% BN

3.4.2. Polymerase Chain Reaction (PCR)

Several in-house PCR assays and one commercial assay have been described
for the detection of C. trachomatis in clinical specimens. These employ prim-
ers for the amplificatton of the cryptic plasmid, the major outer membrane
protern, cysteine-rich protein, or 165 RNA genes. The following method uses
KL1-KL2 plasmid primers, and has proven to be both sensitive and specific on
cervical and urethral swabs:

1 Prepare PCR master mix containing KL I-KL2 primers for 30 x 100 pL. reactions:
KL1 5-TCC GGA GCG AGT TAC GAA GA.
KL2 5-AAT CAA TGC CCG GGA TTG GT.
2. Aliquot 90 pl. of the master mix into a 0.5-mL mucrofuge tubes, and cover with
75 pL of light mineral oil
3. Add 10 uL of DNA or processed specimen. Include positive and negative con-
trols. It is useful to include a sensitivity panel consisting of dilutions of total
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cellular control DNA ranging from | fg to | pg. Interspersing negative controls
tn a large run 1s a useful way of detecting carryover contamination 1f uractl-
N-glycosylase is not used (see Notes 1 and 2)

4. Amphfy for 40 cycles as follows using a Perkin Elmer thermocycler model 9600-
30 s at 94°C (denaturation), 30 s at 55°C (annealing), 60 s at 72°C (extension)
The last cycle should be followed by an extenston at 72°C for 8 mun,

5 Analyze amplification products by electrophoresizing 10 ul. on a 2% agarose gel
for 40 min at 140 V (see Note 3)

6 Confirm the specificity by Southem hybndization using FITC-labeled KL3 ohgo-
nucleotide probe (5-TGA CTA ATC TCC AAG CTT AA-3") and horseradish-
peroxidase-labeled antifluorescein antibody.

Chlamydia Amplicor™ from Roche Molecular Systems is a plasmid-based
PCR that uses CP24-CP27 primers to amplify a 207-bp fragment that 1s cap-
tured onto a 96-well mucrotiter plate with immobilized oligonucleotide probe.
Specific amplicon is detected using HRP—avidin conjugate, which binds to the
biotinylated amplicon. Carryover contamtination is prevented by incorporation
of dUTP and uracil-N-glycosylase with cleaves previously amplified product at
each uraci] base rendering the DNA nonamplifiable. Specimens with an
absorbance below 0.2 are interpreted as negative, whereas specimens with an
absorbance above 0.5 are considered positive. Specimens with absorbances
between 0.2 and 0.5 are constdered equivocal and must be repeated in dupli-
cate to determine 1f they are true positives (specimens with at least two of three
results having an absorbance >0.25). The presence of spermicides in excess of
1% or surgical lubricants in excess of 10% or excess mucus or blood 1n cervi-
cal samples may have an inhibitory effect on amplification.

The Cobas Amplicor™ 1s a newly developed semiautomated assay that has
two 12-specimen rings and uses magnetic particies for the detection of ampli-
fied DNA by chemiluminescence. An optional internal control reagent is avail-
able to verify negative results by ruling out the presence of inhibitors in clinical
Specimens.

3.4.3. Ligase-Chain Reaction (LCR)

LCR utilizes four oligonucleotide primers (instead of two used in PCR), a
thermophilic DNA ligase to higate the contiguous primers, and a thermal cycler to
cycle the reaction between the denaturation temperature (94°C) and the liga-
hon (72°C) temperature A variation of LCR called gapped LCR employs Tag
polymerase to fill 1n one nucleotide prior to the ligation of adjacent primers,
Abbott Diagnostics has commercialized LCR (LCx™ Chlamyda for the direct
detection of C. trachomatis plasmid DNA in endocervical and urethral swabs
and first-void urine specimens). The assay employs a microparticle EIA to
detect specific LCR product with the automated IMx nstrument. Four oligo-
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nucleotide probes are designed to be complementary to the target sequence, so
that in the presence of target, the probes bind adjacent to one another. They are
then enzymatically ligated to form an amplification product that serves as
a target for further rounds of amplification. Ligated product 1s captured by
antibody immobilized onto the surface of microparticles via a ligand attached
to the end of one primer and then detected by an enzyme-conjugated antibody
directed at a second reporter molecule at the distal end of the other primer. The
amplification product accumulates exponentially and is detected on the LCx
analyzer. The following 1s a generic LCR protocol for urine specimens:

[ Fust-void urine specimens (1 mL of first 20 mL urine) are centrifuged 14,000 rpm
for 10 min, and the pellet resuspended in buffer. Boil specimens by heating to
95-100°C for i5 min to release DNA,

2 Prepare sufficient LCR reaction mixture for the desired nurber of specimens
and controls (100 pL for each specimen}).

3. When specimens have cooled to ambient temperature, add 100 pL of sample to a
tube containing 100 uL LCR reaciion mixture,

4 Place tubes in thermal cycler, and program for 40 cycles of 1 s a1 93°C, 1 559°C,
70 s at 62°C (the times and terperatures will vary for LCR or gapped LCR and
Tns Of primers).

5 Ligated product can be detected by gel electrophoresis and autoradiography, or
in the case of Chlamydia LCx, by chemiluminescence following capture of
awmplified product onto mmeroparticles using itnmobilized antibodies directed
aganst one of the haptens. The other end of the LCR product containing a second
hapten 1s recognized by a second antibody conjugated to a reported enzyme, such
as alkaline phosphatase. Only ligated product with both haptens covalently
attached will generate a chermiummescent signal. For LCx™, The amplification
tubes are placed into the reaction wedges and then loaded 1nto the carousel. The
LCx analyzer prints the results which are expressed as counts per second per
second, and positives are defined using run calibrators that establish the cutoff
(see Note 4)

3.4.4. Transcription-Mediated Amplification (TMA)

Two transcription-based amplification assays that are nearly identical have
been developed for C. trachomatis. NASBA uses three separate enzymes,
AMY reverse transcriptase (RT), RNase H, and T7 polymerase, whereas TMA
uses two enzymes, an RT enzyme with RNA-dependent DNA polymerase
activity and RNase H activity and a second T7 polymerase enzyme with DNA-
dependent RNA polymerase activity. Organon Teknika, which owns the
exclusive rights to NASBA, has developed an in-house NASBA for C. tracho-
matis, but has not yet brought it to clinical trials. GEN-PROBE’s TMA has
compieted chinical trials and awaits licensing tn the US by the FDA. TMA
amplifies a specific 168 rRNA target via DNA intermediates in an isothermal
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single-step amplification reaction. In TMA, nucleic acids are first melted by
heating to 95°C for 10 mm and then lowered to 42°C for reverse transcription,
making 2 cDNA copy of the RNA target using a “chimeric” primer that has
sequence complementarity with the target and a sequence for T7 RNA poly-
merase binding. Following RNase digestion of the target by RT, a second
primer anneals at the 3' end of cDNA, and the DNA polymerase activity of RT
fills 1n the complementary second strand, producing a double-stranded DNA
that is then transcribed by T7 polymerase generating up to 108 copies of RNA
amplicon. GEN-PROBE’S TMA detects amplified RNA by a hybridization
protection assay {(HPA) involving hybridization with a chemilummescent
single-stranded DNA probe and detection with an enzyme-labeled anti
DNA:RNA dupiex antibody.

The following generic protocol can be used for NASBA amphification of RNA-

—

Pipet 5 uL of nuclerc acid specimen into a microfiige tube

Prepare buffer and primer mix in a “clean area” with dedicated pipets free of
template (see Note 4)

Add 18 pL of premix to each reaction tube containing 5 mL of template
Incubate at 65°C 1n a heat block for 7 min.

Cool tubes to 41°C mn a heat block for another 7 min

Prepare enzyme mix dunng the above incubation

Add 2 uL of enzyme mix to reaction tubes at 41°C {one at 2 time in heating block)
Incubate tubes for 90 min 1n 41°C heat block in a containment hood

Remove tubes outside of “clean area,” spin down in a microfuge, and store at
—20°C for analysis by agarose-gel electrophoresis and Southemn hybridization

o]

3.4.5. Q-B Replicase-Amplified Hybridization (QBRAH)

Gene-Trak has developed Q- replicase for C. trachomatis detection (32,33).
The assay is a 4-h test involving capture and release of a modified Q-B phage
containing a specific C. trachomatis 16S rRNA target sequence followed by
amplificatron of the target probe with Q-f rephicase 1n the presence of
propidium 1odide. Q- replicase requires one Chlamydia capture probe immo-
bitized to paramagnetic beads and a replicatable recombinant midi-variant
(MDV) RNA containing a second Chlamydia-specific sequence complemen-
tary to 165 RNA target inserted between nucleotides 63 and 64 of the RNA
plus strand detector probe.

1. Extract RNA using 0.4 mL sample processing buffer Remove a 100-uL portion
of the processed sample for Q- replicase amphfication.

2. Mix the capture probe and the MDV detector probe at a final concentration of
300 ng/mL each in probe dilution buffer

3 Combine 66.6 L of specimen and 33.3 maL of probe mixture and hybnidize for
30 min at 37°C.,
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4 Add 100 uL of streptavidin paramagnetic beads, and incubate for 5 min at 37°C.
5 Wash beads twice with low-salt buffer.
6 Elute target—detector complex from beads with 100 pL. 3 M GuSCN release buffer
for 5 min, and transfer the target—detector probe compiex to a clean tube,
7 Add 50 uL of 300 mg/mL poly A-tailed capture probe, and incubate for 30 min
at 37°C
8 Add 250 uL of oligo-dT magnetic particles, and incubate for 5 min at 37°C
9 Separate target—detection complex with magnetic separator, wash three times,
and elute the probe detector complex as before.
10 Transfer the complex to a fresh tube and add 100 pL of 0.12% oligo-dT beads in
200 uL. 8 M GuHCI detection buffer. Capture and wash a fourth time.
11. Combine a 100-pL portion of the complex with 100 pL of Q-B replicase buffer,
and incubate in the 37°C heat block of the kinetic fluorimeter.

An ahquot of the amplification reaction is assayed in a Gene-Trak kinetic
fluorescence reader, which monitors production of RNA. Q-8 replicase has a
sensitivity of 1000 target molecules.

3.5. Discussion

Plasmid DNA amplification has become the most popular target because of
its inherent theoretically higher sensitivity, which is owing to the presence of
7—-10 copies/C trachomatis elementary body, Cryptic plasmid PCR has received
extensive evaluation in female swab and male urine specimens. In both of these
specimens, the sensitivity of the assay has been reported to be 20% to 30%
higher than culture or antigen detection methods. Because this technology is
more sensitive than the previous reference methods, several approaches to con-
firming the extra positives have been developed. This has usually been done by
performing a second PCR whose primers are directed against a totally different
gene or to a different fragment of the same gene (28,29). PCR rarely demon-
strates a sensitivity of 100% because of inhibitors of amplification found in
clinical specimens. The rate of appearance of these substances probably varies
according to specimen type and may also be different according to gender.
Inhibitors of 7ag polymerase have been found that disappear on storage and
can be removed by a number of methods, including dilution, heating or cen-
trifugation (34). Internal control reagents to identify inhibited specimens are
available for incorporation into the Roche Amplicor Chlamydia assay so that
negative PCR results can be verified as true negatives. LCR testing of female
cervical specimens has ranged in sensitivity from 87 to 97%, and female FVU
specimens have 1dentified as many infected as cervical cultures in the limited
number of studies reported thus far (22,24,25). LCR also has proved to be an
effective assay when performed on male FVU. The test has 1dentified >90%
infected men, and the presence or absence of symptoms of urethritis has not
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affected the positivity rate (22,23). The exquisite sensitivity of amplified DNA
probe technology provides a 20-30% increase 1n the number of infected
pattents identified. Inhibitors also play a role with LCR, but the rate seems to
be lower than for PCR (35,36). Substances in urine inhibitory to PCR and LCR
mmclude nitrites, crystals, and beta-HCG ¢37). Storing urine specimens over-
mght at 4°C, diluting 1:10 or freezing at—7°C was found to remove the inhibi-
tory activity from at least 85% of the specimens. Although recent publications
on TMA and NASBA suggest that these techniques offer sensitivity and speci-
ficity comparable to PCR and LCR, further evaluation in populations with dif-
ferent disease prevalence are needed (38,39).

4. Notes
All amplification technigues have pitfalls and limitations.

1 One of the most significant problems with both PCR and LCR 1s the possibility
of false-positive results owing to amplicon carryover contamination. The use of
plugged pipet tips and two or three defined work areas separating preamplifica-
tion and postamplification steps has been widely adopted by most users, and helps
to eliminate contanunation, Amplicor™ uses uracil-N-glycosylase to digest any
amplicons that may be present in PCR reaction tubes. LCx uses a chemical inac-
tivation step i the final step of the LCx analyzer to destroy amplicons. The
manual Amplicor™ test was susceptible to errors generated by the operator
splashing the contents of wells during the EIA detection step. This, however, 15
not a probiem with the automated Cobas Amplicor™ and LCx analyzer, where
reagents are added by a robotic pipeter. The LCx analyzer can give low-level
diluent error messages and canceled runs if the instrument’ s routine maintenance
schedule 15 not meticulously followed.

2 The LCx is limited to a run size of 20 sampies/run (including controls) necessi-
tating multiple runs The Perkin Elmer 480 or 9600 thermal cyclers are used with
48-96 specimens

3. Allamphfication technologtes, particularly in-house assays, should employ sev-
eral positive controls or calibrators to show the analytical sensitivity of each run
In-house PCR assays should not rely on agarose gels to detect specific products,
but mstead should confirm the specificity of amphfication by Socuthern blot
hybridization or using oligo probes 1n a microtiter plate hybridization assay. The
latter method facihitates the testing of a larger number of specimens.

4. All three commercral amplification tests have notes on procedural limitations,
interfering substances, and troubleshooting in the package insert. Most prablems
can be avoided if the instructions are properly followed. For LCx, the instrument
manual contains a list of error codes and a table of what to do for each error
message. For example, each reagent pack 1s bar code-read by the instrument, and
a predetermined number of tests are permitted for each reagent pack so that
reagents do not run dry during a run. For TMA, the package insert includes a
section on decontaminating the work area and luminometer racks. The package
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msert also includes a laboratory monitoring procedure for detecting contami-
nated work areas. The Leader 450i luminometer operating manual contains a
troubleshooting section that tells the operator what to do if the instrument gives
4n error message.
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Haemophilus ducreyi Detection by PCR

Patricia A. Totten, Jane Kuypers, and Stephen A. Morse

1. Introduction

Genital ulcers are tymcally caused by one of three organisms, Haemophilus
ducreyi, Treponema pallidum, or herpes simplex virus, whnch cause chancroid,
syphilis, and genital herpes, respectively. Although traditionally these diseases
have been differentiated by their clinical presentation, there is considerable
overlap 1n their clinical mamfestations (2).

The diagnosis of chancroid is typically based on the isolation of H, ducreyi
from the genital ulcer, and as a result, this disease is probably grossly
underdiagnosed. In several studies, the sensitivity of culture of A. ducreyr from
suspected chancroid cases 1n experienced laboratories ranged from 56 to 90%
{2). However, the sensitivity of culture can only be estimated, since there 15 no
gold standard on which to base the diagnosis of chancroid. Overgrowth of cul-
ture plates with other bactena, 1solation of other Haemophilus spp. from the
genital ulcer, and difficulties 1n identification of H. ducreyi are additional
obstacles 1n the detection of H ducreyi. Diagnosis of chancroid may be even
more difficult in the US; Shulte et al. (3) have shown that <14% of STD clinics
in 32 states, the District of Columbia, and Puerto Rico have the appropriate
media for H ducrey: culture available, Owing to these problems with culture
of this organism, alternative methods of detection are urgently needed.

The development of polymerase chamn reaction (PCR) techniques for detection
of A. ducreyi directly in patient specimens bypasses the difficulties experienced
with culture of this pathogen. These techniques require the 1dentification of
DNA primers that are specific for the bacteria to be detected. Patient specimens
are collected in sample transport medium and, if necessary, stored frozen until
analysis, then treated, and subjected to PCR amplification using a thermocycler.
Amplicons specific to A. ducreyi are then detected by hybridization.

From Methods in Molecuiar Medicine, Vol 20 Sexually Transmilted Diseases Methods and Protocols
Edited by R W Feeling and P F Spariing ® Humana Prass In¢ , Totowa, NJ
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Several groups have reported PCR techniques for the detection of H. ducrey:
in genital ulcer specimens. These PCR assays vary in the sample transport
media used, treatment of the specimen to remove PCR inhibitors and make the
DNA accessible for amplification, specific primers and amplification condi-
tions used, and detection techniques (see Note 1). The different PCR assays for
H ducreyr are listed 1n Table 1 and are discussed below.

Chui et al. (4) used primers based on conserved eubacterial 16S rRNA gene
sequences to amphify a 303-bp sequence from members of the Pasteurellaceae
and Enterobacteriaceae. Using two H ducreyi-specific probes internal to this
sequence, they obtained 100% sensitivity with 51 strains from six continents
isolated over a 15-yr period. The clinical utility of PCR was compared with
that of culture, using 100 clinical specimens from men with genital ulcers con-
sistent with a climical diagnosis of chancroid. Swab specimens were transported
to the laboratory in phosphate-buffered saline (PBS) containing cheno-
deoxycholate (1 mg/mL). After extraction, the DNA was amplified by means
of a PCR protocol that involved 25 cycles of amplification, followed by South-
ern blot hybridization to detect the PCR products. This procedure yielded a
sensitivity and specificity of 83 and 67% relative to culture, respectively. After
three rounds of 25 cycles, the sensitivity and specificity were 98 and 51%,
respectively.

TRNA primers were also used for detection of H ducreyi in a limited num-
ber of ulcer specimens from patients in Tanzania (5). In this study, specimens
were collected in PBS, centrifuged to pellet the bacteria that were subsequently
washed in Tris buffer, and then chloroform-extracted. Amplification was
achieved by first using the universal rRNA primers described by Chui et al
(4), and then amplifying with two internal primers, one labeled with biotin, and
the other labeled with digoxigenin. The PCR products were then captured on
avidin-coated microtiter plates and detected by a colorometric reaction using
antichgoxigenin antibody-alkaline phosphatase conjugate. In this study, the sen-
sitivity and specificity relative to culture were 100% (4/4) and 76% (16/21),
respectively.

Johnson et al. (6) developed a PCR assay using primer sequences which
amphfied a 1.1-kb anonymous sequence from 30 strains of H. ducrey: but not
25 strains of other organisms. For genital ulcer specimens, samples were col-
lected n transport medium GA without added agar (7}, DNA was extracted by
the procedure of Chu et al. (4) and then subjected to 25 cycles of amplifica-
tion. DNA was detected by hybrichzation using Southern blots and dot blots.
Their assay had a sensitivity of 64% (39/61) and a specificity of 50% (71/143)
compared to culture. This PCR technique was subsequently modified by col-
lecting the patient specimens in the sample transport medium of Chu et al. (4),
extracting the DNA as described by this group (4) and then dialyzing the DNA
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to get rid of inhibitors (8). These modifications improved the sensitivity and
specificity of H. ducreyi PCR relative to culture to 100% (25/25) and 84% (51/61),
respectively.

Parsons et al. (9} determined that primers based on the # ducreyi groEL
sequences were sutable for PCR detection. These primers amplified all 139 iso-
lates of H. ducreyi tested, but not isolates of 25 other bacteria. Using a com-
mercially available specimen transport medium (Digene Diagnostics, Inc.,
Silver Spring, MD), incubation of specimens with Proteinase K followed by
ethanol precipitation, 40 cycles of amplification, and detection by hybridiza-
tion of Southern blots, these researchers achieved a sensitivity of 89% (59/66)
and a specificity of 79% (76/96) compared to culture.

Finally, a multiplex PCR assay has been developed at Roche Molecular Sys-
tems that will simultaneously detect H. ducrey:, T paliidum, and herpes sim-
plex virus in genital ulcer specimens (18). H. ducreyi primer sequences were
based on regions of IRNA specific for th1s microorganism, the assay employed
35 cycles of amplification, and detection was based on oligonucleotide capture
probes and a colonmetric detection system. Culture-negative speciumens from
which H. ducreyi DNA was amplified with the rRNA primers were confirmed
as true positives using primers specific for H. ducreyi groEL. Orle et al. (10)
further simplified sample treatment, successfully amphfying DNA after col-
lection in Roche AMPLICOR Specimen Transport Medium, by only heating at
100°C for 1¢ min and diluting 1:2 in AMPLICOR Specimen Diluent before
PCR amplification. Similar results were obtained when the samples were col-
lected in chenodeoxychelate (1 mg/mL) in PBS and diluied 1:10 1n AMPLICOR
Specimen Diluent. The sensitivity and specificity of detection of H. ducreyt by
this PCR technique compared to culture were 98% (45/46) and 79% (227/289),
respectively. Unfortunately, this multiplex PCR test for genital ulcer disease is
not commercially available at this time,

In summary, several different laboratories have developed protocols for the
detection of H. ducreyt by PCR. Because we have the most experience with the
primers developed by CDC for amplification of H. ducreyt DNA (6), we will
describe theiwr use for detection of H ducreyi by PCR from both genital ulcer
specimens and from urine specimens.

Collection of first-void urine from either men or women has been shown to
be a noninvasive and appropriate alternative specimen for the diagnosis of
sexually transmitted infections caused by Neisseria gonorrhoeae (13) and
Chlamydia trachomatis (14}. More recently, Trees et al. (28) have shown that
urine specimens could be used for PCR diagnosis of vulvovaginal uicers. Ina
preliminary study, these investigators found that PCR analysis of first-void
urine specimens from women with vulvovaginal ulcers had a sensitivity of
88% and a specificity of 100% when compared with PCR analysis of the
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corresponding ulcer specimen. Thus, first-void urine specimens may be useful
for screening purposes when pelvic examinations cannot be readily performed.

2. Materlals
2.1. Preparation of Stock Solutions

2

Proteinase K solution. dissolve 200 mg of proteinase K in 10 mL distilled water,
mix, and freeze i 0.5-mL ahiquots,

PK digest soiution: Mix 250 pL of proteinase K (20 mg/mL} and 50 pL of
dithiothreitol {(DTT, [ Af) in a total volume of 25 mL distiiled water. Final
concentrations are 200 pg/mL proteinase K and 2 mAf DTT; 1 M DTT 1s
prepared by dissolving 1.54 g of DTT in 10 mL distilled water and freezing
{(—20°C) 1n 1-mL ahquots.

Ammomum acetate/ethanol solution: combine 67.5 mL of 5 M ammonium acetate
and 335 mL of 95% ethanol. Store in a —20°C freezer.

10X PCR buffer: to prepare 100 mL of 10X buffer, use the following procedure.

Reagent Volume, mL Final concentration in 10X buffer
I MTris,pH8 3 10 100 mM

1 MKCI 50 500 mM

I M MgCl, 4.0 40 mM

Dustilled water 36

Dispense in 10-mL aliquots, and freeze at —20°C.
Primer mix. dilute the two primers so the diluted solution contains 180 pmoles/
20 pL of each 1n water, mix, and freeze in 1-mL aliquots.

Primers are often sold in powdered form (e.g., GIBCO/BRL) and can be
reconstituted to the desired concentration. For example, if the tube contains
50 nmoles of primer, add 556 uL, dH,0, thereby making the final concentration
of primer 90 pmoles/ul. Next, add 50 pL of primer 1 and 50 pL of primer 2 to
400 uL of dH,0, giving a final concentration of 9 pmoles/ul or 180 pmoles of
each primer 1n the 20 L added to the mastermix (Subheading 3.1.3.)

Primers.

SI1A: SCCCCGACACTTTTACACGCGCTS!

SI2A: $'GCCAGCCCAGTGACGCCGATGCCS!
dNTP mix. mux 250 ul of each dNTP (100 md, Amersham Pharmacia Biotech
[Piscataway, NIJ) Add 1.3 mL water. The final concentration of each dNTP in
this solution 15 10 mM
Gel-loading solution, prepare a solution of § 25% bromopheno! blue and 15%
Ficoll (type 400, Pharmacia).

. 50X TAE- for 1 L, add the following to a final volume of 1 L distilled water,

242 g Tris HCI.
57.1 g sodium acetate.
37 2 g Na,EDTA - 2 H,0
This 1s diluted 1/50 before use (20 mL 50X TAE plus 980 mL distilled water)
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20X 88C. for 1 L, add the following to a final volume of | L distilled water
175 g NaCl
88 g Sedium citrate.
Salmon sperm DNA {10 mg/mL): add 100 mg of saimon sperm DNA (Sigma)
to 10 mL distiiled water. Let dissolve overnight 1n a refrigerator. Sonicate
1n 3-mL batches until DNA loses its viscocity (ca 3 min) Divide solution in
1-mL aliquots, boil for 10 nun, and freeze at —20°C until use.
Denhart’s solution' add the following to a final volume of 500 mE distilled water:
5 g Ficoll.
5 g Polyvinylpyrolidine.
5 g Albumm, bovine.
Freeze 1n 100-mL aliquots. Store working solution at 4°C.
Acrylamide sotution (30/0.8%): mix 176 g acrylamide and 4 g bis-acrylamide in
a total volume of 500 mL. Store at 4°C,
Denaturization buffer (0.5 MNaOH, 1.5 MNaCl): add 40 g of NaOH and 175 g NaCl
to a 2-L flask. Add distilled water to equal 2 L total volume. Mix and store at
ambient temperature,
Neutralization buffer 1 M Tris, 1 5 M NaCl, Add 280 g Tris-HCI, 26 g of Tris-
base, and 175 g NaCl to a 2-L flask Add distilled water to equal 2 L total volume
Store at ambient temperature
MarFarland #1 turbidity standard (ref. I7). Add 0.1 mL of a 1% solution of
barium chloride to 9.9 mL of 1% Hy50,. Vortex before use.

Equipment and Supplies

Heating block with three 20-well modular blocks.

Microcentrifuge.

Thermal cycler

Polyacrylarmde/agarose gel electrophoresis apparatus with power supply.

UV transilluminator

Photography equipment and supplies.

Buological safety cabinet with UV hght in room separate from product analysis
Two biological safety cabinets, one for sample preparation, one for the setup of
PCR reactions, are preferable.

Micropipetters and aerosol-free tips. we use three complete sets of micropipetters
(20, 200, and 1000 uL): one set for specimen treatment, one to set up the PCR
reactions, and one set for all processes done after PCR

Shaking water bath.

Repipetter (optional).

Seal-a-Meal apparatus (obtain from local grocery store).

Equipment needed for working safely with radioisotopes-plexiglas shields, dis-
posal boxes, survey meter, and so forth.

Dacron-tipped swabs.

Nylon membranes (e g., maximum-strength Nytran Plus, Schletcher and Schuell,
Keene, NH)



Haemaophilus ducreyi 53

i5

16

17

18.

19

20

21

Hybnidization bags (Gibco BRL) and random primers DNA-labeling system
(Gibco BRL)

Dusposable gloves.

Digene specimen transport medium (STM, Digene, Inc., Silver Spring, MD).
Note: Kits including this STM along with dacron swabs are available from
Digene, Inc. under the name ViraPap Coilection Kit.

Glass matrix (GlasPac' National Scientific Supply Company, San Rafel, CA).
HCV Monitor lysis buffer (Roche Diagnostics, Nutley, NJ).

Nytran filters.

Autoradiography supphies.

3. Methods

3.1. PCR Amplification of H. ducreyi DNA
from Genital Ulcer Specimens

3.1.1. Specimen Collection

1

2,

3

Collect the specimen from an uleer with a dry dacron-tipped swab.

Place the swab n a tube contaiming Digene STM, break off shaft, leaving the
swab 1n the medium, and close cap.

Freeze the specimens at —70 or —20°C until they can be analyzed.

3.1.2. Specimen Processing

All procedures, including preparation of stock solutions, sample prepara-

tion, and PCR should be performed in a “clean laboratory,” 1.e., one that is not
used for growth of H ducreyr or for PCR product analysis. Any reagents used
for PCR should be stored in the “clean laboratory” and should never enter the
laboratory used for product analysis. People entering the “PCR-clean labora-
tory” should wear special lab coats stored 1 this ab, and should wear dispos-
able gloves when working with the supplies and equipment n this lab. Any
deviations from these procedures may result in DNA contamination and mught
result in false-positive PCR tests (see Notes 3 and 4).

1

Thaw the specimen tubes, and vortex with swab 1a place for 5 s. Transfer 200 pL
of the specimen to a 1 5-mL microcentrifuge tube, Refreeze the specimen tube
with swab 1n place.

Also include positive and negative controls for specimen preparation and
amplification with each run to control for sensitivity and contamination For
specimen preparation, the positive controls consist of 10° and 10° CFU of
H. ducreyr cells suspended 1in 1 mL of collection buffer, and the negative control
consists of collection buffer only. Each of these is processed along with the speci-
mens The two positive controls test the sensitivity of the assay for 1000 and
10 CFU of H ducreyi/10 pL contained in the PCR reaction.

2 Heat all tubes at 100°C for 10 mm.
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Centrifuge the tubes for 10 s in the microfuge to spin down the condensation on
the inside walls of the tube

Add 100 L of “proteinase K digest” stock solution, Incubate the specimen in the
37°C water bath for 1 h.

Add 800 pL of ammoniuin acetate/ethanol solution, mix by inversion, place on
ice for 15 min, and then centrifuge the tubes for 30 min (microcentnfuge,
14,000 x g).

Pour off the supernatant, and heat the tubes with caps open at 65°C for 30 muin in
the heating block. This step will dry out the tubes and inactivate the proteinase K
Resuspend the dried pellets in 100 pL water At this point, the samples can be
frozen or used immediately for PCR.

3.1.3. PCR

1

Preparation of master mix- calculate the number of tubes needed for PCR, and
prepare the appropriate amount of master mix. Note that the amount of mixture
needed for 48 specimens was really calculated for 49 to allow for loss during
pipeting Each patient specimen 15 analyzed using 2 and 10 pL of the processed
specimen

The amount of the following reagents (in pL} needed to make master rmx 15

1 Specimen 48 Specimens

processed specimen volume  processed specimen volume

Reagent 10 pL 2 ul 10 L 2ul

Distilted water 575 65.5 2817.5 32095
10X buffer 10.0 10.0 490 490
dNTP mux 2 2 98 98
Primer mix 20 20 980 980
Tagq polymerase

(5 U/ul) 0.5 0.5 245 245

Into two 0 65-mL microcentrifuge tubes (e.g., Intermountain Scientific, Kaysville
UT), add 100 pL mineral oil. For multiple samples, this can eastly be accom-
plished with a repipetter.

Add 90 pL of master mix/tube for the 10 pL vol of treated patient sample, add
98 uL of master mix to the tube for 2-uL vol of treated patient sample

Add 10 pL of treated patient sample to one tube and 2 pL sample to the other. The
total volume 1n each tabe should be 200 uL (100 pl of sample and 100 pL of
mineral oil) Each tube now contains: 10 mM Tus, 50 mM KCl, 4 mM MgCl,
180 pmoles of each primer, 200 uM of each dNTP, 2.5 U Tagq, and either 2 puL
or 10 uL of treated patient sample

Spin tube for 10 s i microcentrifuge to collect the sample in the bottom of the
tube below the mineral ol

Quuckly place the tubes in the thermocycler, which has been preheated to 85°C
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7. Amplify the samples 1n a thermocycler that has been programmed to perform
30 cycles of 1.5 min at 95°C, 2 0 min at 66°C, 4.0 pun at 72°C, followed by a
final cycle at 72°C for 10 min linked to a soak cycle of 15°C.

3.1.4. Detection of PCR Products

After amplification, the 1100-bp amplification product is detected by South-
ern blotting,

1. A 16-uL vol of each sample and control 1s mixed with 4 ul. of 3X gel-loading
solution, deposited in the wells of an agarose gel, and subjected to eiectrophore-
s1s using TAE buffer.

2. Molecular-weight markers (e g, I-kb ladder or A DNA cut with HindIIl) are
loaded nto one well of each row of the agarose gel to position the size of the
amplification preduct.

3 The gels are stamed with ethidium bromide, photographed, then alkali-dena-
tured and neutralized as described by Southern (72) and transferred to Nylon
membranes.

4. Dry and bake the membranes at 80°C for 2 h.

5 Prepare hybridization buffer as described below, adding the reagents i the
order histed.

Amount of reagent to add
for a given number of blots, in mL

Number of blots
1 2 4
Distilled water 1.5 10 6.0
Formamude 5.0 10.0 200
20X S8C 35 7.0 14.0
20% SDS 0.05 01 0.2
0.5 MEDTA 0.01 002 004
Denhart’s solution 2.5 5.0 100
Boiled salmon sperm DNA 0.1 02 04

{10 mg/mL dH,0, Sigma)

6 Put nylon membrane into hybridization bag, add appropriate amount of hybrid-
1zation buffer, and incubate at 37°C for 1-2 h.

7 Cut open a corner of the bag, add 100 uL radiolabeled probe/10 mL hybridization
solution, and incubate overnight at 37°C

8. The radwlabeled probe is generated by PCR using plasmid DNA from pHDH 1 A4S5H
(obtained from Steve Johnson, CDC, Atlanta, GA), forward and reverse primers
(we use CAGGGTTTTCCCAGTCACGAC and AGCGGATAACAATTTCAC
ACAGGG, but any commercially available forward and reverse primers [e g, Gibco
BRL] would amplify this fragment), and thermocycling parameters of 64°C,
2 mun, 72°C, 2 min, and 95°C, 2 min, 30 cycles.
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Number of ¢fu of . ducrey; detected H. ducreyi detected in patient samples
2x10" 200 2 02 none - . + - L

I . . f » = 11kb

Fig 1. Analysis of sensitivity of PCR for detcetion of H. ducreyi DNA in clinical
specimens. {(A) Serial 10-fold dilutions of /. ducrevi strain CIP342 showing the sensi-
tivity of detection as 0.02 CFUs. The number of bacteria detected by PCR is more
sensitive than culture, even under laboratory conditions, probably because PCR detects
the DNA froin individual organisms even if they are clumped or nonviable. {B) Geni-
tal ulcer specimens tested for /. ducreyi DNA by the PCR reaction. A 1.1-kb fragment
of DNA was amplified from the sample from onc patient indicating the presence of
H. ducreyi DNA.

9.

10.

After synthesis by PCR, the probe is purified by agarose-gel electrophoresis and
the Gene Clean II kit according to the directions of the manufacturer (Biol{1,
LaJolla, CA).

The purified probe DNA is labeled with & *?P-dATP ([800 Ci/mM] New England
Nuclear, Boston, MA) using a DNA labeling kit according to the directions of the
manufacturcr (Gibco BRL). The labeled probe 15 heated to 100°C for 10 min,
¢ooled on ice, and then diluted to a total volume of 1.0 mL.

Rinse the membrane three times (about 200 mL each time) in wash solution
(53X SSC, 0. 1% SDS), and then incubate with shaking at 60°C in remaining wash
solution (ca. 400 mL) for ! h.

Dry the blots and expose them to X-Omat AR film (Eastman Kodak, Rochester,
NY) overnight at —=70°C in an X-ray exposure holder with an intensifying serecn.
A 1.1 kb band that hybridizes with the probe DNA indicales a positive specimen.
This technique is capable of detecting <2 CFUs (Fig. 1).

3.2. Amplification of H. ducreyi DNA from Urine Specimens
(Adapted from Stacy-Phipps et al. [13])

1.

i
3.

Warm HCV MONITOR™ lysis buffer in a 37°C water bath, and mix by inver-
sion to dissolve any precipitate.

Thaw uring at room temperature.

Using a plugged pipet tip, add 1.0 mL urine to a microcentrifuge tube and ¢entri-
fuge for 5 min at 14,000 x g.

Remove supernatant to a fresh microcenirifuge tube, add 8.6 mL. HCY MONI-
TOR™ lysis buffer to the pellet, vortex. and incubate at 65°C for 10 min.
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10,
11.

12,

Add 25 pL GlasPac matrix to bind the DNA, vortex, and incubate at room tem-
perature for 15 min.

Centrifuge for 1 min at 14,000 x g, remove, and discard supernatant.

Resuspend GlasPac matrix in 1| mL wash buffer, vortex, centrifuge for 1 min at
14,000 x g, and remove supernatant

Repeat wash step two more times,

After last wash step, remove as much supernatant as possible, and dry pellet for
15 min at room temperature with top of tube open.

Add 225 pL TE buffer, vortex to resuspend pellet, and incubate 5 for min at 50°C,
Centrifuge for 2 mimn at 14,000 x g, and transfer 200 pL. of sample to a clean
microcentrifuge tube, being careful not to disturb the GlasPac pellet,

Fifty microliters of the processed specimen are used for PCR analyss.

3.3. Detection of PCR inhibitors and Specimen Adequacy
by p-Globin Amplification {14)

Negative specimens are reamplified with p-globin primers using an aliquot
of the same treated specimen that was used for H. ducreyi PCR,

1.

Prepare primer mix the same as in H. ducrey: PCR section (Subheading 2.1.5.),
except with B-globin primers (synthesized commercially, e.g., Gibco BRL):
PCO4 primer: GAAGAGCCAAGGACAGGTAC.
GH20 primer: GCCAGCCAGTGACGCCGATGCC,
Stock reagents are the same as for . ducreyi PCR.
Prepate master mix, and perform PCR as described in Subheading 3.1.3., except
use amplification conditions of 94°C, 1.5 mun, 55°C, 2 mm, 72°C, 4 mun, 30 cycles.
Assemble acrylarmide gel apparatus.
Plug the bottom and sides of the gel with 1% agarose in TAE (or use a gel caster
when pouring the gel).
Make acrylamide solution (30/0.8%), and mux the following:
Acrylamide 30/.8 4,1 mL

50X TAE 3150
Distilled water 11,5 mL
10% APS* 200 uL

*Dissolve 100 mg ammonium persulfate (APS) in 1 mL distilled water, and store
at 4°C. This solution should be prepared fresh or used within 1 wk

Add 25 uL. TEMED, pour liquid into gel holder, add comb, and let solidify.
When gel has solidified, remove the comb, add 1X TAE running buffer, add
samples to wetls along with a well containing mol-weight markers (e.g., A cut
with Hindlll, Gibco BRL or 1-kb ladder, Stratagene), and apply 100 V until the
blue dye reaches the bottom of the gel.

Stain the gel in ethidivm bromide, expose to UV light, and take a picture An
amphification product of 268 bp ndicates the absence of inhibitors and that the
specimen contains human DNA consistent with a patient specimen (Fig. 2).
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Fig. 2. Analysis of adequacy of specimen for PCR amplification by {i-globin PCR.
Samples were treated and subjected to PCR analysis using the B-globin primers, and
then subjected to electrophoresis on an acrylamide gel. All samples 1n wells, cxcept
sample # 3, were amplified by this method as indicated by the presence of a 268-bp
fragment {indicated by arrow).

3.4. ldentification of H. ducreyi Isolates by Taxonomic Spot Blots

H. ducreyi isolates are identified based on the results of a limited set of tests.
Traditional tests used for the identification of other Haemophilus species,
e.g., catalase, sugar fermentation, hemolysis of horse blood, and enhanced
growth in CO, (15), are not easily employed with H. ducreyi, either because
they are not differential for H. ducreyi or because they require special media
for growth. One can also confirm the identity of isolates as H. ducreyi by
melecular metheds. Using the “taxonomac spot blot test™ (76), organisms can
be classitied as . ducreyi based on the homology of their DNA to whole-cell
DNA from the type strain of . ducreyi. In this test, isolates are suspended in
water and adjusted to an ODg, of 1 0 (McFarland #1 standard), spotted onto
Nytran, treated to lyse the bacteria, and then subjected to hybridization with
radiolabeled whole-cell DNA from H. ducreyi strain CIP542. Isolates of
H. ducreyi will hybridize to the whole-cell DNA probe, resulting in a dark dot
after exposure to X-ray film (Fig. 3). DNA from isolates that are not H. ducreyi
will exhibit background reactions in this test {(Fig. 3). With the inclusion of
positive and negative controls with each test, 1solates can be easily identified
as H. ducreyi or not. The taxonomic spot-blot test is particularly convincing,
because it uses a variation of the traditional methed, whole-cell DNA homel-
ogy, to classify organisms into species.

1. Grow suspected H. ducreyi isolates overmght on sohd medium plates. We use
CM agar plates (16}, but any agar medium on which they will grow will suffice.
2 Suspend the growth in water $0 that it is the approximate turbidity of the
MacFarland #1 standard. Include positive and negative control cultures, /. ducrey:
strain CIP342 (ATCC #39940} and Haemophilus influenzae type strain (ATCC
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Fig. 3. [dentification of H. ducreyi isolates by molecular methods: taxonomic spot-
blot test and PCR ID. Taxonemic spot-blot test. Samples (1YHMCL2, (2) HMC13, and
(3) HMC14, presumptive H. ducreyi isolates (4) H. ducreyi strain CIP 542, the positive
control, (5} H. influenzae strain Rd, (6) H. influenzae strain ATCC 33940, the negative
control. All presumptive H. ducreyi isolates were confirmed as H. ducreyi. PCR ID.
Bacterial strains were subjected to 1he PCR with H. ducrevi-specific primers, PCR
amplicons were visuahized on ethidium bromide-stained aparose gels using UV lighy
Bacteria in welis were: H. ducreyi straias (a) HMCLS, (b) HMC16, {c} HMCI17, (d)
H. influenzae strains Rd, and (e) H. influenzae strmn ATCC 33940. All presumptive
H. ducreyi isolates were confirmed as A ducreyi.

#33391), respectively, grown and suspended as above, except chocolate agar
plates are used for growth of H. influenzae.

3. Place 10-pL aliquots of the bacterial suspension on Nytran Filters or filter ento
Nytran filters using a dot-blot apparatus (e.g., Bio-Dot, Bio-Rad, Hercules, CA).

4. Pilace the filters on paper towels wetted with the following solutions for the indi-
cated amounts of time: denaturization solution, 10 min; neutratization solution,
1 min, three changes, and then 10 min, no changes. Dry.

5. Bake the filters at 8G°C for 2 h.

6. Radiolabel whole-cell DNA from H. ducreyi strain CIP542 (isolated by standard
techniques f72f) by the primer extension method. This is available as a kit and should
be used according to the directions supplied by the manufacturer (Gibco BRL).

7. Hybridize the blots with 30 pl of the radiolabeled probe, wash, and expose to
film as described in Subheading 3.1.4.

Compare the intensity of the spots on the film with H. ducreyi CIP542
and H. influenzae. H. ducreyi isoiates will display a dark spot on the film simi-
far to CIP542 and different from H. influenzae, which will only show a background
reaction.

3.5. identification of H. ducreyi Isolates by PCR

An alternative method for identification of /. ducreyvi, PCR amplification,
utilizes the specificity of selected primer sequences for H. ducreyi DNA. In this
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test, H ducrey: strains are adjusted to an ODgq of 1.0, diluted 1:100, then
treated with proteinase K, and ethanol-precipitated to purify the DNA as
described in Subheading 3.1.2. The treated samples are then subjected
to PCR using H. ducreyi specific primers (Subheading 3.1.3.) and analyzed
by agarose-gel electrophoresis. Only H. ducreyi isolates show a band of the
appropriate size (1.1 kb) when stained with ethidium bromide and viewed under
UV light (Fig. 3).

3.6. Summary

Despite the importance of chancroid and 1ts association with the heiero-
sexual transmission of HIV, much needs to be learned about this disease. The
pathogenesis of disease and virulence factors that allow H. ducrey: to cause
genital ulcers and lymphademtis are not well understood. Climcal diagnosis
is inaccurate because chancroidal ulcers frequently have a clinical appear-
ance similar to herpetic or syphilitic ulcers. In addition, herpetic and syphi-
litic ulcers may resemble chancroidal uicers, particularly in HIV-positive
individuals. Because culture of H. ducreyi from genital ulcers 1s insensitive,
alternative techniques are needed to enhance the diagnosis and surveillance
of this disease. Molecular techniques have been developed that can detect
the presense of H. ducreyi DNA in clinical specimens without the need to
culture this fastidious organism.

PCR has been used to determing the relative prevalence of H. ducreyi as a
cause of gemtal ulcer disease and to establish that the prevalence of chan-
croid varies widely in different geographic locales (Table 2). Chancroid 1s a
major cause of genital ulcers in many developing countries, including
Morocco, Senegal, Kenya, and Lesotho, but not in Peru (Table 2). In addi-
tion, chancroid 1s relatively uncommon in the US, although sustained out-
breaks have occurred there, for example in New Orleans, LA and Jackson, MS,
particularly among those who exchange sex for drugs or money (6,8,17). PCR
was used to monitor the presense of chancroid in New Orleans from 1992 to
1994 (Table 2). The ability to determine the etiology of genital ulcer disease
1n 69-94% of the genital ulcers in these studies 1s consistent with the sensi-
tivity of PCR. The detection of H. ducreyi alone vs coninfection {only 1-
15% had coinfections of H ducreyi with exther T pallidum or herpes simplex
virus) is consistent with the [ack of PCR contamination between tubes, PCR
techniques offer an opportunity to determune the etiology of genital uicer
disease, particularly where culture 1s not available, Establishing the relative
prevalence of the major eticlogic agents of genital ulcer disease allows the
development of algorithms for the diagnosis and treatment of genital ulcers
in different geographic sites.
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4. Notes

1.

A consideration when analyzing patient material by PCR 15 sample adequacy,
Inadequate specimens may either be owing to the presence of PCR inhibitors in
the specimen or to inadequate collection techniques. PCR nhibitors ean be
detected erther by the addition of a known amount of DNA and testing for amph-
fication or by testing for amplification by B-globin primers. B-globin sequences
are present 1n all human tissues, so the ability to amphfy with -globin-specific
primers 1s indicative of an adequate specimen.

PCR results were compared to those of culture as the “gold standard” when
determining the sensitivity and specificity of these assays. However, since
H ducrey: is ofien not 1solated from chancroidal lesions, low specificity may
onty reflect the greater sensitivity of PCR compared to that of culture Thus, 1t 1s
difficuit to distinguish between increased sensitivity of PCR compared to culture
vs false-positive results owing to the amplification of sequences other than those
of H ducreyi in the genital ulcers. For these reasons, it is satisfying when studies
that report PCR analysis of all three gemital ulcer pathogens from each ulcer speci-
men show little overlap

One of the most important considerations for all PCR amplification protocols 1s
avoiding contamination, which wiil lead to false-positive results. Because PCR
1s capable of detecting one copy of the target DNA, airborne and other sources of
contamination must be avoided. Thus, a stll air hood m a room separate from the
area used for PCR product analysis and growth of the organism 15 essential. The
importance of separating the storage of specimens, specimen treatment, and PCR
analysis from product analysis in separate rooms cannot be overemphasized All
equipment and supplies for PCR should be stored only in the “PCR-clean
room.” The counter of the hood in the “PCR-clean room™ should be washed
with 10% bleach and exposed to the internal UV light before each use. Nega-
tive controls (containing medium alone) for processing of patient specimens
should be included in each run. However, in spite of all these precautions, PCR
contamination may still occur, and the appropriate controls are essential

The likelihood of PCR contamination increases with the number of manipula-
tions prior to the actual PCR step. Thus, protocols with extensive treatment regi-
mens, such as repeated phenol and chloroform extractions and centrifugations,
have more opportunity 1o become contaminated, The addition of uracil-A-glyco-
sylase (AmpErase, Roche Molecular Systems) and the substitution of JUTP for
dTTP can be used to prevent amplicon carryover contamination (78). To control
for the possibility of contamination, we perform an additional sample prepara-
tion and PCR analysis on each positive specimen, and only consider the speci-
men postive if it 1s positive by these two separate analyses.

Note Added in Proof

We have found that collection in AMPLICOR™ STM and dilution 1:2 into

AMPLICOR sample diluent as described (78) can be substituted for the sample
preparation procedure described 1n this chapter.
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Detection of Treponema pallidum,
Haemophilus ducreyi, and Herpes Simplex Virus
by Muitiplex PCR

Karina A. Orle and Judith B. Weiss

1. Introduction

The three major causes of genital ulcer disease (GUD) are herpes simplex
virus (HSV), Treponema pailidum, and Haemophilus ducreyi. Although tech-
niques exist for the laboratory diagnosis of all three organisms, constraints of
cost, availability of equipment and expertise, and the lack of sensitrvity and
specificity of available tests, result in clinical presentation being primarily used
for the chagnosis of GUD both in the United States and 1n developing coun-
tries. Due to the overlapping clinical presentation of the three diseases caused
by these etiologic agents, and due to coinfection, these diseases are often mis-
diagnosed (1). It is now recognized that not only is GUD a cofactor in HIV
transmission, but also that treatment of sexually transmitted diseases can reduce
the incidence of HIV {2—4), thus efficient and early diagnosis and treatment of
GUD is of utmost importance.

PCR assays have been developed for the detection of all three target patho-
gens that show superior sensitivity and specificity compared to standard labo-
ratory diagnostic tests. 7. pallidum DNA has been successfully detected from
swabs of genital ulcers, as well as in specimens of cerebrospinal fluid, amni-
otic fluid, and fetal and neonatal sera (5~9). Fulminant and asymptomatic shed-
ding of HSV 1nto genutal specimens and cerebrospinal fluid was detected by
PCR with an increased sensitivity compared to that of culture (10-14). The
exquisite sensitivity of PCR offered a further advantage over culture by suc-
cessfully identifying HSV in crusted-over lesions, as well as before and after
lesions appeared (711). H. ducreyt DNA has been detected in genital ulcer speci-
mens by PCR, also with a greater sensitivity than culture (15-18).

From Methods 1 Moiscular Medicine, Vol 20 Sexually Transmitted Diseases Methods and Protocols
Edited by B W Pesling and P F Sparling © Humana Prass Inc , Totowa, NJ
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We developed a multiplex GUD PCR assay that simultaneously amplifies
DNA from all three of the major GUD etiologic agents. The products are sub-
sequently differentiated and detected in three separate microwells using oligo-
nucleotide capture probes and the colorimetric Roche AMPLICOR™ detection
format ¢19).

Various studies utilizing ulcer swab specimens from the United States and
Africa have been performed using this GUD multiplex PCR assay (see Table
1). The multiplex assay showed excellent sensitivity and specificity for the
detection of all three targets when compared to standard clinical diaghostics
(darkfield microscopy, RPR, VDRL, herpes viral culture, and bacterial culture
for H. ducreyi). The true presence of infection in specimens with positive PCR
results and negative reference results was confirmed with independent PCR
assays targeting an alternate gene (19). Using this defimtion of true presence of
infection, the resolved sensitivities were 91—-100%, and the resolved specifici-
ties were nearly 100% for all three targets (719,20).

In addition to analyzing performance charactenstics of the GUD assay com-
pared to reference diagnostics, the multiplex GUD PCR assay has been utilized
to confirm an H. ducrey: outbreak n the US ¢26) and for a surveillance study of
the occurrence of H ducrey: in 10 major American cities (22). The assay has
also been used to investigate diagnostic treatment algorithms in Africa, and to
establish the prevalence of each GUD agent among a particular population in
spectfic geographic areas to augment and update the current local syndromic
management protocol (20,23,24).

The assay, as described by Orle et al. (19), utilizes swabs of genital ulcers
collected in AMPLICOR STD Specimen Transport Medium. Specimen prepa-
ration consists of a simple dilution of this medium with AMPLICOR Speci-
men Diluent prior to PCR target amplification. An 50-uL aliquot of the
prepared specimen is added to an 50-pL aliquot of a 2X formulation of a reac-
tion mixture, which contains six biotinylated primers resulting in the produc-
tion of the three distinct biotinylated amplicons, 1f target DNA for all of the
three pathogens is present. The reaction also contains the enzyme uracil-N-
glycosylase (UNG) and dUTP substituted for dTTP to allow for destruction of
prior amplification products that may be present as contaminants,

Amplification is performed in a thermal cycler with a capacity for 96 reac-
tion tubes in an § x 12 array, allowing for easy transfer of PCR product to
separate 8-well microwell plate strips containing the immobilized oligonucle-
otide capture probes specific for each of the GUD targets. The biotinylated
amplicons are hybridized to the probes, unbound material is washed away, and
an avidin-horseradish peroxidase conjugate 1s allowed to bind to the captured
biotin-labeled amplicon. A substrate solution containing hydrogen peroxide
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and 3,3°,5,5-tetramethylbenzidine (TMB) 1s added to the wells. The bound
horseradish peroxidase oxidizes the TMB to form a colored complex, sulfuric
acid 1s added to stop the reaction, and the optical density at 450 nm 1s measured
to 1dentify the presence or absence of each of the GUD PCR targets in the
reaction.

The protocols presented here use the AMPLICOR Chlamydia tracho-
matis Swab Specimen Collection and Transport Kit contamning STD Speci-
men Transport Medium and Specimen Diluent for sample collection and
processing, and the reagents of the AMPLICOR Chlamydia trachomatis
Detection Kit for detection of amplified GUD DNA, Users can prepare the
three GUD-specific microwell plates using the protocol provided. We have
also provided an alternate protocol using commercially available research
reagents for the detection and identification of the amplified products, as
well as protocols for processing specimens collected 1n other transport
media. In general, the preferred protocol using the AMPLICOR Chlamydia
trachomanis STD Swab Specimen Collection and Transport Kit and the
AMPLICOR Chiamydia trachomatis Detection Kit will produce results
comparable to our published results using immobilized BSA-conjugated
oligonucleotide capture probes.

2. Materials
2.1. Solutions

1, TE buffer 10 mM Tns-HCl, 0.1 M EDTA,pH 8 0

2 1 M Ammontum acetate (made fresh)

3 Wash buffer: 2.68 mM KCI, 137 mM NaCl, 147 mdf KH,PQ,, 8 03 miMf
Na,HPO, , | mM EDTA.

4, 20X SSPE' 3.6 M NaCl, 0 2 M Na;PO,, 0.11 M NaCH, 0.02 M EDTA, pH 7 4,

5. GUD Multiplex PCR assay: Recipe for 2X reaction mixture (for one reaction)

Component Final 2X Concentration
Tris-HCl, pH 8 3 20 mM

KCl 100 mM

MgCl, 3mM

dATP 400 pif

dCTP 400 pM

dGTP 400 pM

dUTP 400 udM

Primers 25 pmol each

AmpliTag DNA polymerase (Perkin-Elmer) 10U

UNG uracil-N-glycosylase (Perkin-Elmer) 11U
Glycerol 25%

Water q.s. to 50 pL
Total 50 L
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2.2. Supplies

1.

SIS

=N

MicroAmp® 9600 PCR reaction tubes, caps, base, and tray retainer set (Perkin-
Elmer, Foster City, CA) or equivalent from other sources.

Extended plugged (aerosol barner) 300 pL pipet tips

Plugged (aerosol barrier) pipet tips.

Two-milliliter polypropylene screw cap tubes, sterile, nonsilicomzed, conical
AMPLICOR STD Swab Specimen Collection and Transport Kit (Roche Diag-
nostic Systems, Branchburg, NJT}.

AMPLICOR STD Swab Specimen Preparation Kit { Roche Diagnostic Systems)
AMPLICOR Chlamydia trachomatis Detection Kit (Roche Diagnostic Systems)
Microwell plates: EIA/RIA Strip Plate (Costar, Cambridge, MA)

2.3. Equipment

L N N N

Geneamp PCR Systern 9600 Perkin-Elmer thermal cycler.
Vortex mixer,

37°C incubator (not hot air shaker).

Microwell plate reader for 450 nm

Microwell plate washer (Optional- May wash plates manually).
Refrigerated microcentrifuge (max RCF 12,500-16,000g).
Heat block

Multichannel pipettor

3. Methods

This protoco! utilizes microwell plates coated with oligonucleotide capture
probes by the user and AMPLICOR Chlamydia trachomatis detection reagents,

3.1. Primers and Probes

Primer and probe oligonucleotide sequences are provided in Tables 2 and 3,
Stock solutions are made in TE buffer. Primers and probes should be stored as
stock solutions at concentrations of 50 uM and 200 pug/mL, respectively. It 1s
prudent to divide the solutions into aliquots that are frozen until needed. Avoid
freezing and thawing the aliquots.

3.2. Microwell Probe Coating

1

One hundred microliters of a solution of 1 M ammonium acetate (made fresh)
containing the probe 1s added into each well of a microwell plate. For probes
KO17 and K854, 50 ng/100 pL 15 used, and for probe KO15, 200 ng/100 pL
{see Note 1)

Use a separate plate for each probe. Color code the end of the strips to differenti-
ate each probe.

Cover plate with microwell cover or plastic.

. Incubate plate at 37°C for 1020 h and then wash each well twice with 300 L of

wash buffer.
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Table 2

GUD Muitiplex PCR Primer Sequences

Organism Primers Sequence

T pallidum KO3A  5-biotinyl-GAAGTTTGTCCCAGTTGCGGTT

KO4 5'-biotiny-CAGAGCCATCAGCCCTTTTCA
Amplifies 260 bp fragment of the 47-kDa
membrane immunogen gene

Herpes simplex virus KS30 S-biotmyl-TTCAAGGCCACCATGTACTACAAAGACGT
types 1 and 2 K831 -biotnyl-GCCGTAAAACGGGGACATGTACACAAAGT
Amplifies 431 bp fragment of the Glycoprotemn B

gene
H ducreyt KO7 5'-brotinyl-CAAGTCGAACGGTAGCACGAAG
KO8 5'-botunyl-TTCTGTGACTAACGTCAATCAATTTTG

Amplifies 439 bp fragment of the 168 rRNA gene

Table 3

GUD Multiplex PCR Probes

Organism Probe Sequence

T pallidum K017  5-CGGGCTCTCCATGCTGCTTACCTTA

Herpes simplex virus KS54 5-GGTCTCGTGGTCGTCCCGGTGAAA
types | and 2
H. ducrew K015 5-CCGAAGGTCCCACCCTTTAATCCGA

5. Remove all excess wash buffer by patting plate onto paper towel

6. Air dry plates for at least 2 h at room temperature, then store dry plates at 4°C 1n
a sealed bag (such as “Seal-A-Meal” or “Zip-Loc™) containing a desiccant pouch

(SORB-IT®, Belen, NM).
7 Plates are stable when stored dry at 4°C for at least | mo.

3.3. Specimen Collection Using the AMPLICOR Chlamydia
trachomatis STD Swab Specimen Collection and Transport Kit

1. The ulcer 1s first cleaned with one of the large sterile swabs moistened with

sahne,
2 The other large swab 1s used to swab the ulcer

3. The ulcer swab 1s vigorously agitated for 15 s in the collection tube containing 1
mL of AMPLICOR Specimen Transport Medium, the liquid 1s then expressed

against the side of the tube, and the swab discarded (see Note 2)

4. Specimens can be stored at ambient temperature for 24 h, 4°C for 1 wk, or stored

frozen at ~70°C for extended periods of time
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3.4. Specimen Preparation

All pipetting must be performed using plugged pipet tips or positive dis-
placement pipettes. Specimens must be prepared for PCR in an area free of
amplified DNA.

1

S

Allow clinical swab specimens to thaw and come to room temperature.

Using an elongated pipet tip, carefully remove 60 pL of the specimen and trans-
fer to a microfuge tube contamming 60 ul. of AMPLICOR Specimen Diluent
Cap the tube and vortex 510 s; incubate at room temperature for 10—60 mn,
Following preparation for PCR, “processed” specimen can be stored at 4°C
for up to 7 d. For longer periods of time, the samples must be stored at —20°C,
or =70°C

3.5. Controls

I

Negative control for amplification: At least two replicates i every amplification
run of a “no DNA control” that consist of Specimen Transport Medium mixed
with a equal volume of Specimen Diluent.

Negative control for specimen processing: At least two replicates of a mock clini-
cal specimen consisting of Specimen Transport Medium that was processed along
with the clinical specimens.

Positive controls Each target DNA at a concentration of approximately 10100
gene copies per reaction either combined or individually. This input level will
result in positive signals of A,s, above 1.0,

3.6. Amplification

L.

2

Fill a tray with empty PCR reaction tubes as needed.

Prepare 2X GUD multiplex PCR reaction mixture according to the recipe in Sub-
heading 2.1.5. using plugged tips. Mix well by mverting 1015 times Make
enough mix for two amplification reactions per specimen, plus 10% for loss ow-
Ing to prpetting

Aliquot 50 pL, of 2X GUD multiplex PCR reaction mixture into each MicroAmp
tube with a plugged tip or repeater pipet.

Transfer 50 uL. of processed specimen into reaction tube contaimng GUD multiplex
PCR reaction mixture using a fresh tip for each specimen. Do not attempt to mix.
Add controls (both positive and negative) to the tray after all climcal specimens
have been pipetted

Seal all tubes.

Program the thermal cycler for amplification IS min prior to use using the fol-
lowing parameters:

Hold program 2 min at 50°C

Hold program S min at 95°C

Cycle program 35 cycles of: 20 s at 95°C, 20 s at 62°C, 20 s at 72°C

Hold program at 72°C (at least 10 min, but less than 2 h)

(The program takes approximately 1,5 h)
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After completion of thermal cycler program, carefully remove caps to avoid aero-
solizing the PCR reactions.

Immedjately, pipet 160 pl. AMPLICOR Denaturation Solution (#1} into each
reaction tube using a muitichannel pipettor and plugged tips to mactivate any
residual UNG activity Incubate for 10 min at room temperature to allow com-
plete denaturation.

Store denatured, amplified samples at room temperature 1f the microwell plate
detection will be performed withim 1-2 h. If not, store the samples at 2-8°C until
the plate detection 1s performed Amplicons may be stored for up to | wk at 2—
8°C, or frozen for longer periods of time.

3.7. Detection

Use gloves when handling microwell plates.

=

14

il

Warm all reagents to room temperature.

Prepare Working Wash Solution by diluting AMPLICOR Wash Concentrate

10-fold (add 1 vol of concentrate to 9 vol of distilled or deionized water) Mix well,

Remove the appropriate number of 8-well microwell plate strips from their pack-

ages (H ducreyi, HSV, and T. palhdum), and set into the microwell plate frame

(Note: Three detection microwells are needed for each PCR reaction) Return

unused strips to pouch and reseal making sure the desiccant pillow remains in the

pouch Microwell strips must be handled carefully to avoid breakage

Add 100 pL AMPLICOR Chlamydia trachomatis Hybridization Buffer {(#2) to

each well to be tested using a multichannel pipettor.

If the amplification samples were stored at 2—8°C, incubate them at 37°C for 2—

4 min in order to reduce viscosity.

Using plugged tips, pipet 25 pL of each denatured sample to the appropriate wel

of each of the three probes. Do not mix Ongce plate 1s completely filled, gently

tap the plates 10—15 times until the color changes from blue to yetlow.

Cover plates, mncubate for 1 h at 37°C.

Wash plates 5 tumes using a Microwell Plate Washer. Use the prepared Working

Wash Solution (10X concentrate diluted 10-fold with water) for washing the

plates and the following procedure:

a. Aspirate contents of wells;

b Fill each well to top with Working Wash Solution (350450 pl), soak 10 s,
aspirate dry;

¢ Repeat step b four additional times,

d. Tap the plates dry.

Add 100 pL AMPLICOR Awvidin-HRP conjugate (#3) to each well. Cover plate;

incubate for 15 min at 37°C.

Wash plates as described in step 8

Prepare Working Substrate by mixing 8.0 mL of AMPLICOR Substrate A (#4A)

and 2.0 mL, AMPLICOR Substrate B (#4B) for each full microwell plate. Prepare

this reagent no more than 3 h before use and protect from exposure to direct light
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12
i3

4,
15,

Pipet 100 uL of prepared Working Substrate reagent into each well being tested.
Allow color to develop for 10 min at room terperature in the dark

Add 100 pL of AMPLICOR Stop Reagent (#5) to each well

Measure the optical density of the microwell plates at 450 nm within 1 h of add-
ing Stop Reageni,

3.8. Analysis of Resulls

1

2,

k3

Absorbance values below 0.25 are considered negative.

Negative control reactions must have values below the 0.25 cut-off value fora
run of amplifications to be valid (normally below 0.1).

Positive control reactions should produce signals of Ay of 1.0 or above,
Specimens are scored as positive for a particular pathogen, if positive signals
were obtained from duplicate reactions.

Initial PCR results between 0.25-0.80 A4, are considered equivocal and should
be reassayed on the microwell detection assay.

Specimens that produce split PCR results between the duphcate amplification
reactions (one negative and one positive) should be reamplified in duplicate.
Specimens with negative signals for all three targets should be reamplified 1n the
presence of 20-100 copies of one of the target DNAS to monitor for inhibition.
Inhibition 1s defined as a Aysg signal below 0.25 for the spiked control DNA in
the absence of a positive signal for any of the three GUD targets. A new aliquot
of these inhibitory specimens should be extracted with phenol:chloroform and
reanalyzed by PCR (se¢ Subheading 3.9. for extraction protocol )

Specimens are scored for the presence of GUD target DNA followng the removal
of inlubztors.

3.9. Phenol-Chioroform Extractions

In every set of phenol extractions, include at least one “mock” clinical speci-
men consisting sclely of AMPLICOR Specimen Transport Medium as well as
a positive control in AMPLICOR Specimen Transport Medium.

L,
2.

Thaw clinical spectmens, and bring to room temperature.

Using a plugged, elongated, pipet tip, add 0.1 mL specimen to a 2-mL polypro-
pylene screw cap tube that has 0.4 mL AMPLICOR Specimen Transport Medium
containing 1 pg/mL calf thymus DNA and vortex.

Heat at 95°C for 10 mm, then let cool to room temperature. Pulse-centrifuge to
coliect condensation.

Add 0 5 mL phenol:chloroform:isoamyl alcohol (25:24:1) nsing a separate pipet
trp for each sample, and mix.

Centrifuge 10 min at 16,000g in a microfuge.

Transfer the upper aqueous layer (using a plugged pipet tip or stenile, fine-tipped
transfer pipet) to a fresh microcentrifuge tube containing 05 mL
chloroform:isoamyl alcohol (24:1) and mix

Centrifuge 10 min at 16,000g.
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Transfer aqueous layer to a fresh tube containing 50 uL 3 M sodium acetate, pH 5.2
Mix, and add 1 0 mL cold 100% ethanol. Precipitate DNA overmght at —20°C,
(Sampies can be stored mdefinitely at this point.)

Centrifuge 20 min at 16,000g 1n a refrigerated microcentrifuge at 4°C. Tubes
should be placed 1n rotor with a particular orientation or marked as to where the
pellet should occur

. Completely remove supernatant being careful to not disturb the pellet (which

may not be visible), and remove residual ethanol by mverting tube onto a fresh
gauze pad.

Aur dry peliet by incubating the open tube in a heat biock at 55°C until dry {5~15 min).
Resuspend pelletin 120 pL of a | 1 mixture of AMPLICOR Specimen Transport
Medium and AMPLICOR Specimen Diluent Heat at 55°C for 10 min, then let
cool Pulse-centrifuge prior to opening tubes (Specimens can be stored over-
mght at 4°C prior to PCR analysis, 1f necessary.)

3.10. Alternate Microwell Detection Protocol (Without Using
AMPLICOR Chlamydia trachomatis Detection Reagents)

The alternate detection protocol using commercially available research
reagents may need optimizing owing to lot to lot variation of the reagents. Higher
background signals which can reduce sensitivity up to 10-fold compared to using
the AMPLICOR Chiamydia trachomanis detection reagents have been observed
(see Notes 3 and 4). However, the alternate protocol maybe adequate for tem-
poral and geographic GUD surveillance and prevalence studies.

1.

2

Heat denature amplified product by mcubation m the thermal cycler at 95°C for 5 mm.
Immediately remove 15 uL of denatured amplicon and add into each well con-
taming 100 pL of 5X SSPE contaiming 0.1% SDS, 30% v/v formanude, and then
incubate at 37°C for 1 h (Immediately store any remaming amphcon at —20°C )
Wash wells twice with 2X SSPE containing 0.1% SDS. For the first wash, quick
rinse with buffer at room temperature For the second wash, allow the buffer to
soak 1n the wells for 10 min at 37°C. All washes use 300 pL buffer per well.
Remove residual Liquid by patting microwell plate onto paper towel before add-
ing next reagent

Add 100 pL streptavidin-horseradish peroxidase to each well. Dilute 50 uL
streptavidin-horseradish peroxidase conjugate (Vector Laboratories, Burlingame,
CA) n 10 mL of 2X SSPE containng 0.1% SDS. Incubate 15 mun at 37°C
Wash four times with 2X SSPE containing 0 1% SDS at room temperature with
all washes using 300 pl. buffer per well, and wath a 15-s soak between washes
Wash once with 2X SSPE at room temperature as descnbed above

Add 100 L 3,3°,5,5’-tetramethylbenzidine substrate to each well. TMB Sub-
strate is prepared according to manufacturer’s instructions (TMB Substrate Kit,
Vector Laboratories). Incubate for 10 min at room temperature 1n the dark.

Stop the reactions by adding 50 pL 1 N sulfuric acid to each well.

Measure the optical density of the microwell plates at 450 nm within 1 h.
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4. Notes

1.

The 1 M ammonium acetate solution should be made fresh on the day of
microwell coating as the solution is unstable, The probes should be added
to the ammonium acetate solution to the final concentrations as stated n
Subheading 3.2.1.

Under Subheading 3.3.3., the swab should not be left in the AMPLICOR
Specimen Transport Medium after collection as this may lead to inhibition of
the amplification reaction. The swab should be vigorously agitated in the col-
lection tube containing the SpecimenTransport Medium for approx 30 s,
rotated agamst the side of the tube to express as much liquid as possible and
then discarded.

Because of higher backgrounds using this protocol (Subheading 3.10.), cut-off
values for negative signals will be higher. The cut-off value may need to be 0.30—
0.50 A4z units, depending on signals for negative controls. In general, the sig-
nals from the positive controls should be at least two standard deviations above
the signals from the negative controls.

Alternate protocol for removing PCR inhibitors: to overcome mhibition, speci-
mens 1n AMPLICOR Specimen Transport Medium can be diluted 1:5or 1,10 1n
Specimen Transport Medum prior to processing. With a 1:5 dilution, few posi-
tive signals are lost, however, positive signals can be lost when specunens are
diluted 1:10,

Ulcer swab specimens collected in 2-SP Culture Transport Medium, Bartels
Chlamydia EIA Transport Medium, distilled water, and Viral Transport Medium
have been used successfully after first diluting two- to five-fold with Specimen
Transport Medium followed by a two-fold dilution 1n Specimen Diluent.

PBS containing 1 mg/mL chenodeoxycholate has been successfully used as trans-
port medium. Proceed with amphfication after diluting 10-fold i Specimen
Diluent, with the modification that the magnesium chloride must be omitted from
GUD multiplex PCR reaction mixture.

Specimen Transport Medium and Specimen Diluent in 50 mL quantities can be
purchased 1n bulk from Roche Diagnostic Systems.
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Detection of Genital Mycoplasmas by PCR

Claire B. Gilroy and David Taylor-Robinson

1. introduction

Mycoplasmas are the smallest prokaryotes capable of self-replication. They
belong to the class Mollicutes (meaning soft-skin) and have evolved regres-
sively, by genome reduction, from Gram-positive bacterial ancestors, namely
certain clostridia (I). The taxonomy of the class Mollicutes contaming four
orders, five families, and eight genera, 1s shown in Table 1 (2). The term
‘mollicute’ is sometimes used trivially to describe any organism in the class.
The term ‘mycoplasma’ might be used best to describe any member of the
genus Mycoplasma, but is also used, as in this chapter, in a trivial way to refer
to any organism in the class,

Genetic information is provided by a genome that may be as small as 580 kb,
namely that of Mycoplasma genitalium, and is estimated to code for less than
500 genes (3). Some of the key differences between mycoplasmas and
eubacteria are outlined in Table 2 (4). Keeping the number of structural ele-
ments, metabolic pathways, and components of protein synthesis to an essen-
tial minimum, places mycoplasmas closest to the concept of ‘minimum cells’
(5). They have adopted a parasitic mode of life, securing from the host the
many nutrients which they cannot synthesize and are fastidious in their growth
requirements owing to the small genome. Replication in broth media varies
from one hour for some ureaplasmas to six hours for Mycoplasma pneumoniae
In recent years, the input of molecular biology and genetics has benefited stud-
ies of mycoplasmas, perhaps more than those of any other group of organisms.
The need for a molecular approach has been felt particularly as classic genetics
could not be applied to most mycoplasmas because of the difficuity in cultiva-
tion, as well as the use of the UGA codon to encode tryptophan instead of the

From Msthods in Molscular Medicins, Vol 20 Sexually Transmited Diseases Methods and Protocols
Edited by R W Peslng and P F Spariing © Humana Press Inc , Totowa, NJ
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(almost) universal STOP signal. Conjugation and/or cell fusion techniques are
emerging, as are vectors suitable for mycoplasmal gene expression. Tools used
for the investigation of nucleic acids, genes, and proteins have been applied
not only to the detection and characterization of mycoplasmas, but also to
studying their taxonomic and phylogenetic properties (6).

Species of Mycoplasma that have been 1solated to date from humans
are listed in Table 3 (7). M. buccale, M. faucium, M. lipophilum, M orale,
M. salivarium, and possibly M. fermentans are considered to be representa-
tive of the normal human oropharyngeal flora (8); M salivarium resides pn-
marily mn the gingival crevices. Mycoplasmas are also common inhabitants of
the urogenital tract. M, hominis, M. fermentans, and Ureaplasma urealyticum
have all been 1solated from the urogenital tract of healthy individuals and there-
fore rmght be considered normal flora. However, some of these species are
found both 1n healthy individuals and in association with disease which com-
plicates enormously attempts to clarify their etiological role in disease. Factors
to be considered in assessing their pathogenic potential include site(s) of colo-
nization in the genital tract, the number of organisms present, and perhaps strain
differences.

As many mycoplasmas are inhabitants of the mucosal membranes of the
oro-respiratory, urogenital, or gastrotntestinal tracts, direct host to host trans-
mission of organisms occurs through oral to oral, genital to genital, or oral to
genital contact. Certain mycoplasmas that are part of the normal flora of the
oropharynx and lower genital tract are most likely acquired by oral to oral
and by genital to genital contact, respectively. However, sexual practices
have also resulted in apparent alterations in the host tissue location of myco-
plasmas such that some commonly found in the oropharynx are to be found
in the ano/urogenital tract and vice versa. Sexually transmitted human dis-
eases for which a mycoplasmal involvement has been reasonably assured are
mentioned below together with other diseases that are not considered to be
sexually transmitted, but that are caused by mycoplasmas usually residing in
the urogenital tract.

Several groups (9-12) have provided evidence to indicate that M. genitalium
is a cause of nongonococcal urethritis (NGU) in men. In addition, U. urealyticum
has been attributed as a cause of epididymitis (13) and 3. homunis as a cause of
pelvic inflammatory disease in women (14). Further details of these associa-
tions are shown in Table 4 (9—11,13—17) and 1n the references mentioned
therein.

There are several conditions that are not in the usual sense considered to be
sexually transmitted but are caused sometimes by mycoplasmas that, by virtue
of therr dominant urogenital tract colonization, are sexually transmitted, Several
examples are outlined in Table 5 (18-22).
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1.2. Diagnosis

Diagnostic techmques for mycoplasmas have undergone a major revolution
since the methodologies that were published over a decade ago (23,24). The use
of improved media and the apphcation of new molecular techniques for the
detection and wdentification of such orgamsms, has seen a significant expansion
in the range of hosts recognized as being colonized or infected with these organ-
1sms and in the number of newly characterized Mycoplasma species.

i.2.1. Culture

Historically, culture has been, and probably still is, the techmque used most
widely for the detection of mycoplasmas, but the advent of DNA probes and more
recently the polymerase chain reaction (PCR) has seen considerable advances

Many of the current culture media formulations for mycoplasmas are based
entirely, or with only minor alterations, on the medium described originally by
Derrick Edward ¢25) This 1s basically the medium that resulted m the cultiva-
tion of M. pneumoniae 1n the early 1960s (26) and that also supports growth of
ureaplasmas, which some regard as fastidious to the extent that several modifi-
cations of the Edward medium have been described for them (26,27). In the
early 1970s, spiroplasmas were discovered in various diseased plants and insect
hosts, and more intense efforts were required to develop culture media for other
more fastudious spiroplasmas from arthropod hosts. These efforts culminated
in the development of the medium formulation designated SP-4. The applica-
tion of this medium for primary 1solation and maintenance of a variety of new
and fastidious mycoplasmas of human origin since 1979, such as M. genutalium
(28) and M penetrans (29), has affirmed its overall value 1n meeting the nutri-
tional needs of many different mycoplasmas. SP-4 also enhances primary 1so-
lation of other mycoplasmas of human origin, particularly M fermentans (30)
and M. preumoniae (31). However, while medium formulations are important,
the quality of the components may be even more so. The development of a
successful medium 1s through trial and error and components need to be pre-
tested for their abulities to support growth. Quality control with a fastidious
isolate is important.

Inoculation of specimens 1nto liquid medium, which s then diluted serially,
followed by subculture to liquid or agar media provides the most sensitive
method for the isolation of most mycoplasmas. Jensen et al. {32) reported
recently an altemative method 1n which they passaged 11 M genitalium-PCR
positive (primers from ref. 33) urethral NGU specimens in Vero cell cultures
that were monitored with a PCR assay. Vero cell-passaged material was inocu-
lated into acellular medium when the PCR product was strongly positive. This
technique resulted in the isolation of four strains of M. genttalium and may
prove to be applicable for the 1solation of other fastidious mycoplasmas.
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1.2.2. DNA Probes

The first DNA probes applied to the diagnosis of mycoplasmal infections
consisted of ribosomal RNA (rRNA) genes of M. capricolum cloned into the
Escherichia coli plasmid pBR325. The recombinant plasmid was named pMCS5
{34} and has become one of the most popular DNA probes in mycoplasmal
studies. Using Southern blot hybridization with labeled pMC35 as a probe (35),
the highly conserved rRNA genes were effective mn detecting and identifying
mycoplasmas contaminating cell cultures,

To provide more specific probes, synthetic oligonucleotides 2040 nucle-
otides in length, complementary to variable species-specific regions of myco-
plasmal 16S rRNA genes, can be applied. Although the majority of rRNA
probes has been designed for detecting contamination of tissue cell cultures, a
number of probes for detecting mycoplasmas of human origin has also been
reported (36-39). Another class of DNA probes consists of chromosomal seg-
ments specific for a certain mycoplasmal species. These segments are derived
from a genomic library of the specific mycoplasma Such species-specific
probes have been developed for M. preumoniae and M. genitalium (40). Dot-
blot hybridization with these probes, labeled either radioactively or with a
variety of nonradioactive molecules (1.e., digoxigenin or biotin) has enabled
10°-10° colony-forming units (cfus) to be detected, a level of sensitivity that
often 1s insufficient for use in a clinical laboratory (41,42).

1.2.3. PCR

The introduction of PCR technology in the late 1980s diverted attention from
all the previousty developed DNA probes and kits. PCR tests are several orders
of magnitude more sensitive than those based on direct hybridization with a
DNA probe. The high sensitivity of the PCR is of value when the number of
organisms in a clinical specimen 1s small, or when there is otherwise difficulty
1 culturing. PCR is fast, a single DNA sequence being copied over a billion
times within three hours. The first reports of the application of PCR assays to the
diagnosis of mycoplasmal infections appeared in 1989 (43,44). Since then,
the number of reports of the use of PCR as a tool in mycoplasmal diagnosis has
been rising at an exponential rate. In particular, use of PCR technology has
increased immensely the detection of certain mycoplasmas, M. genitalium
being a good example. This mycoplasma was isolated in 1980 from urethral
specimens taken from two of 13 men with acute NGU ¢28). However, although
five strains of M. genitalium had been isolated from extragenital sites, together
with M. preumoniae, no other isolates from the urogenital tract had been
reported, until recently (32), despite several attempts at recovery (45,46). Nev-
ertheless, the undoubted existence of M. genitalium in the urogenital tract was
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shown by the use of PCR technology. The detection of other mycoplasmas,
may also benefit from the use of PCR technology rather than culture. Thus,
although U. urealyticum often can be isolated with ease, it may be difficult if
not impossible to culture from certain specimens such as amniotic fluids,
endotracheal aspirates of newborns (47), and synovial fluid. Fluid from a
patient with sephic arthritis was shown to be positive only by use of a PCR
assay despite numerous attempts to culture (17). The PCRs {(target DNA, prim-
ers, probes) outlined in Table 6 (33,43,44,47-59) are those for mycoplasmal
species that have been found in humans.

None of the technical aspects appears to be unique to mycoplasmal PCRs
and this chapter will explain in detail the protocol used to detect M. genitalium
in urogenital samples (9,51,52). The preparation of DNA from urogenital
samples is the same for all mycoplasmas and the PCRs differ mainly in the
choice of primers and thermal cycles. The details of these are provided in Table 6,
to which the reader 1s referred 1n order to select the appropriate primers for the
particular genital mycoplasma they wish to study.

2. Materials

Swab sample (see Note 1).

Urine sample.

InstaGene Matrix (Bio-Rad, Hemel Hempstead, Hertfordshire, UK)

Proteinase K solution (20 mg/mlL)

10 % SDS (sodwum dodecyl sulphate)

10% CTAB ( hexadecylinmethyl ammonium bromide) in 0.7 M NaCl {(see Note 2)

Chloroform/isoamy! alcohol (25:1)

5 M NaCl.

Isopropanoi

Ribonuclease A made DNAse-free by heat treatment (80°C for 10 mun)

PCR buffer; | mM MgCl;, 50 mAf KCl, 10 mM Tns-HCI, pH 8.4, 0.01% gelatin,

0.05% Nonidet-P403 (Sigma, Poole, Dorset, UK), 0.2 mM dNTPs (Pharmacia,

5t. Albans, Hertfordshire, UK) and 2.5 U of Tag DNA polymerase (Gibco Lafe

Technologies, Paisley, Scotland).

12, Hybndization buffer; 53X SSC, blocking reagent 1%, N-lauroylsarcosine 0 1%,
SDS 0.2%.

13. Washing buffer: Tris-Cl 100 mM, pH 7.5, NaCl 150 mM

i4. Beerlunger Mannheim (Lewes, East Sussex, UK) Digoxigenin DNA Labeling
and Detection Kat.

15 Thermal cycler (see Note 3).

16 Gel electrophoresis equipment and power supply

17. Hybnidization mcubator.

18. Orbital shaker.

19. Bag sealer and lengths of polythene layflat tubing to make bags

= R A B o
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20
21

Lumnograph cassettes and film.,
Autodeveloper

3. Methods
3.1. Swab Sample Preparation

I

- o

A nasopharyngeal swab is passed 2—4 c¢m into the male urethra, removed and
expressed in 500 pL of phosphate-buffered saline (PBS) iz a 1.5 mL macro-
centrifuge tube (see Note 4)

Centrifuge the tube at 13,000g for 10 min to collect the cellular matenal
Carefully decant the supernatant and add 500 pL of PBS and thoroughly resus-
pend the pellet to wash it and centrifuge as above.

Carefully remove all the supernatant without disturbing the pellet and add 50 pL
of sterile deionized water (dH,0) and resuspend the pellet.

Add 100 uL of BioRad InstaGene matrix (see Note 5) and vortex for 10 s to mux
thoroughly and mcubate 1n a waterbath at 56°C for 30 min

Vortex for 10 s and incubate at 80°C for 10 min

Allow the sample to cool to room temperature, then either store 1t at ~20°C or
centrifuge it briefly at 6000g for 2 min (see Note 6} and take an aliquot (usually
20 pLj to be used 1n the PCR assay.

3.2. Urine Sample Preparation

1.

2
3

10,

11

Collect a 15-20 mL first pass urine sample (after the patient has had a swab
sample taken) into a sterile container, such as a polystyrene universal bottle
Centnifuge at 1600g for 15 min to pellet the cellular material

Carefuily decant the supernatant and add back 2 mL to resuspend the pellet
Transfer 1 mL of the resuspenston to each of two-1.5 mL microcentrifuge tubes
One is to be stored, the contents of the other are for DNA extraction (60).
Centrifuge the sample at 13,000g for 10 min and carefully remove the superna-
tant and add 500 pL of PBS. Vortex the tube to wash the pellet thoroughly. Cen-
trifuge as before.

Resuspend the pellet in 567 uL of TE buffer by repeated pipetting (60).

Add 30 pL of 10% SDS and 3 pl. of 20 mg/mL proteinase K to give a final
concentration of 100 pg/mL of proteinase K 1 0.5% SDS, Mix thoroughly and
mcubate at 37°C for one hour.

Add 100 pL of 5 M NaCl and muix thoroughly.

. Add 80 pL of CTAB/NaCl solution and mix thoroughly and incubate at 65°C for

10 min,

Add an equai volume (0.7-0.8 mL) of chloroform/isoamy) alcohol, extract thor-
oughly, and centrifuge for 5 min 1n a microcentrifuge.

Remove the aqueous, viscous supernatant to a fresh microcentnfuge tube, ieav-
ing the interface behind.

Add an equal volume of phenol/chloroform/isoamy] alcohol, extract thoroughly,
and centrifuge for 5 min.
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1

3.5.

Gilroy and Taylor-Robinson

Transfer the supernatant to a fresh tube. Add 0 6 vol of 1sopropanol to precipitate
the DNA Centrifuge at 13,000g for 5 min to collect the DNA

Wash the DNA with 70% ethanol to remove residual CTAB and recentrifuge for
5 min to re-pellet Carefully remove the supernatant and briefly dry the pellet,
Dissolve the pellet in 100 pL of dH,O0. DNA solution can be stored at—20°C untul
required or an aliquot (wsnally 10 pL) 1s taken for the PCR assay.

PCR Assay

Prepare the PCR buffer master mux including primers MGla and MG2 (see
Table 6), m a clean area separated geographically from any post-PCR product
analysis, and transfer ahquots of 80-90 pL (that s, 100 pL minus the amount of
sample, usually 10-20 ul) into 0 5 mL mucrocentrifuge tubes Qverlay the PCR
buffer with 75—-100 uL of mineral oil {see Note 7)

Transfer the PCR tubes to an area dedicated to the addition of target DNA from
the varicus urogenital samples. Add the aliquots of sample DNA (see Note 8)
Transfer the PCR tubes to the thermal cycler and execute the required thermal
profile

After the amplification, transfer the tubes to an area of the laboratory that 1s dedi-
cated to handling first round amplified PCR products, that is as far away from the
area for preparation of the PCR buffer master mix as possible. The M genitalium
assay 15 a semi-nested PCR, so 1/50th of the first round product is added to fresh
PCR baffer (98 ul), which has been overlaid with minerat o1l as before and
amplified using the same thermal profile as before {see Note 9)

Detection of the Ampiified Product

Mix 10-15 pL of second round amplified product with electrophoresis loading
buffer and electrophorese on a horizontal agarose gel system using TBE buffer at
about 8 V/cm until the bromophenol dye front 1s approx 1 cm from the end of the
gel (both the gel and the TBE running buffer contain 5 pg/mL ethudium bromde)
Visualize the products under UV 1llumination,

Positive samples are rdentified as having a band at the same level as the two
positive controls However, in order to confirm that they are positive, the DNA 13
transferred on to a nylon membrane (Amersham Hybond-N) by Southern transfer
(61} and hybridized with a specific probe.

Preparation, Hybridization, and Deiection of Probe

The probe is 100 bp long and 1s the amplified product of primers MG4 and MGS5
{Table 6), produced using the same thermal profile as the M genualiuum PCR.
Remove the excess umincorporated primers using a proprietary DNA clean-up
system from Promega.

Label the probe by using a digoxigenin labeling kit from Boerhinger Mannheim
Denature the probe by heating at 100°C for 8 min and immediately quench on ice
for approx 3 mun Into a 0.5 mL microcentrifuge tube on 1ce, put 2 pL of nucle-
otide mux, 2 pl of hexanucleotide primer mix, 5-10 pL. of probe DNA, 5-10 pl



Genital Mycoplasmas 95

9.

11

12
13

14

i5.

16,

of dH,0 (final volume is 20 pl. for the reaction), and lastly add | uL. Klenow
polymerase. Centrifuge the tube briefly in a microcentrifuge to bring all the com-
ponents together and incubate at 37°C for at least 1 h, preferably overnight.
Stop the reaction by adding 1 pl. of 0.2 M EDTA. To precipitate the DNA, add
2 pL, of 4 M L1Cl, mix thoroughly, add 75 pL of ice-cold 100% ethanol, and keep
at —20°C for 2 h or —70°C for at least 30 mun.

Centrifuge the tube at 13,000g for 10 min to precipitate the DNA, Carefully
remove the supernatant (see Note 10) and wash with ice-cold 70% ethanol and
recentrifuge as before.

Dissolve the pellet in 50 pl of dH,O for at least 1 h at room temperature The
probe 1s now ready for use, or it ¢can be stored at —20°C for more than six months
We have used probes successfully that have been stored for over a year
Prehybndize the membrane (from Subheading 3.4., step 3) in 50 mL of
hybridization buffer at 42°C for 1 hin a rotating glass drum in a Techne hybnd-
1zation incubator.

Denature 10 pL of the probe by heating at 100°C for 8 min and then quench
immediately on ice for approx 3 min, and transfer to 10 mL of fresh hybridization
buffer preheated to 42°C

Decant the hybridization buffer from the prehybridized membrane and add the
10 mL of the hybnidization buffer containing the probe. Leave to hybridize over-
night at 42°C

Decant the probe solution into a 50 mL polypropylene centrifuge tube or other
suitable container for storage as the soiution can be reused up to four umes if
stored at -20°C, and denatured in between each use

Wash the membrane at various stringencies, usually twice at room temperature
for 5 mun with 2X 85C and 0.1% SDS, and then twice at 42°C for 15 min with
0.1X 88C and 0.1% SDS.

Transfer the membrane to washing buffer for 2-3 min  All of the following proce-
dures are undertaken with materials from the Boerhinger Mannheim Dioxigemn
DNA Labeling and Detection Kit in medium sized sandwich boxes containing,
approx 100 mL of each solution at room temperature with gentle shaking on an
orbital shaker unless specified otherwise.

Transfer the membrane to a blocking buffer and block for one hour.

Transfer the membrane to some layflat tubing and using a bag sealer make a bag
to surround the membrane with approx ! cm margms. Leave one side open and
add 20 mL of blocking buffer contaning antidigoxigenin antibody (Fab frag-
ment) diluted to 1 in 10,000. Incubate for one hour with vigorous shaking (tape
the bag to the orbital shaker platform)

Transfer the membrane to 2 sandwich box and wash twice for 15 min with wash-
ing buffer.

Remove the washing buffer and add equilibration buffer (see Note 11) for approx
3 min.

Remove the equilibration buffer, make another bag as before, and add 10 mL of
fresh equilibration buffer containing CSPD diluted ! in 10. This is the lumines-
cent substrate Incubate for 10 min with vigorous shaking.
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17 Carefully remove the CSPD solution to a suitable storage contamer (see Note 12)
Remove the membrane from the bag with forceps and gently touch one of the
bottom corners on blotting paper to remove excess CSPD, but do not allow the
membrane to dry out Place the membrane in another bag and incubate at 37°C
for 10 min

18 Tape the bag to the wside of a luminography/autoradiography cassette and in a
dark room place a sheet of luminography/autoradiography film over it, close the
cassette, and expose for 15 mun Develop the film m an autodeveloper or other
suitable equipment. Alter the exposure tumes to suit the intensity of the image
required

3.6. Discussion

The use of the PCR technique has enhanced studies involving mycoplasmas
and has been essential for the study of M genitalium. In our hands this assay
has proved to be at least 1000 times more sensitive than culture (unpublished
data) and much faster. The assay is not difficult to perform but requires care
and attention to detail especially to avoid potential contamination.

Specimen preparation for PCR testing is an important parameter that should
be optimized. Since mycoplasmas do not have a cell wall, boiling the sample
after concentration of the organisms by centrifugation can be sufficient to make
their DNA accessible, This may be adequate for testing cell culture samples,
though treatment of the samples with detergents and proteinase K 1s preferable
{62). For unine specimens, Wang and Lo (48) recommend treatment of the urine
sediment with proteinase K followed by heating at 95°C for 10 min. However,
some samples contain undefined nhibitors of the PCR assay that reduce the
efficiency of amplification. To iry to overcome thts, DNA extraction has to be
employed (9). For research purposes thts 1s not a problem, but for clinical labo-
ratories 1t 1s a serious drawback that may hamper the adoption of PCR for
routine use. The existence of PCR inhibitors may be ruled out by the use of
internal controls, of which the B-globin gene or HLA genes are good examples.
In addition, they serve as an indicator of the presence of human celis in the
sample. In many cases, the effect of PCR inhibitors in specimens may be abol-
1shed or reduced simply by diluting the specimens (47).

The results of the PCR assay are relatively easy to interpret, especially if the
products have been transferred onto nylon membrane and hybridized. The
probe 15 very specific and a band will be produced only for a positive sample or
for the positive controls,

Apart from its value in the detection of mycoplasmas, the PCR is a very
powerful molecular tool and its use in other areas is expanding rapidly. One of
the areas to benefit from the advent of ir situ PCR technology is pathogen
localization within host tissues (63—65). The adhesion of mycoplasimnas to host
ceils is a prerequistte for colonization and for infection. Most mycoplasmas
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adhere tenaciously to the epithelial linings of the urogenital and/or respiratory
tracts, and may be considered to be surface pathogens. However, there is evidence
for the intracellular location of some mycoplasmas, notably M. fermentans,
M. penetrans, and M. genitalium (66—68}, and invaston of tissues may occur
particularly in immunocompromised patients, who, as a group, are increasing
m incidence. The future use of an in situ PCR could help to determine the exact
location of these three species in the tissues or alternatively it could be used to
locate the area of attachment of the mycoplasmas to the host cells. Indeed,
some of the research to establish virulence factors in mycoplasmas has involved
the use of molecular methods to examine adhesins, the best defined being those
of M. pneumoniae and M genitalium (69,70).

4. Notes

1. Sample colliection. Swabs should be expressed immediately in PBS and should
not be allowed to dry Taking the PBS8 to the location of the patient is a sound
pelicy. The swab should not be broken off into the PBS as the swab stick may
contan inhibitors. It should be agitated in the PBS, expressed against the side of
the container (usually a 1.5-2 mL microcentrifuge tube), and then discarded.

2. Dissolve 4.1 g of NaCl in 80 mL of dH,O and slowly add 10 g of CTAB while
heating and stirring If necessary, heat to 65°C to dissolve. Adjust final volume to
100 mL

3 Sometimes the make and model of the thermal cycler are provided 1n a publica-
tion and if they are the same as those being used then the thermal cycling profiles
can be used directly without any modification. However, 1f the thermal cyclers
differ then a period of optumization is necessary to achieve the desired result.,

4. The swab can be prepared in the same manner as a urine sarple. Preparation of
the latter is described in Subheading 3.2., but this is a lengthy process. Further-
more, the amount of material on a swab is generally much less than provided by
a unne sample so that the losses that occur during the DNA extraction can seri-
ously affect the amount of DNA left at the end of the process The use of the
InstaGene matrix greatly reduces the number of steps involved and thus less DNA
is likely to be lost

5 The InstaGene matrix 1s a DNA binding slurry suspended in an appropriate buffer.
As it is a slurry 1t must be constantly shaken or stirred so that the suspension is
homogenous. A small magnetic stirrer bar is provided with each bottle of
InstaGene so the bottie can be placed on a magnetic stirrer and the slurry kept in
suspension.

6 The InstaGene matnx 1s left in the tube since it does not interfere with the PCR
However, it can be removed if this ts more convenient.

7. Prepare enough for # + 1 aliquots of PCR buffer, where # is the number of samples
plus their ‘DNA preparation’ controls’ plus one negative ‘reaction’ control and
two positive ‘reaction’ controls. This ensures that there will be sufficient reaction
mixture The oil (three or four drops} is added with a pastet. Oil overlay 15 not
necessary for some brands of thermal eyelets
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If the PCR buffer 1s to be overlaid with mineral oil 1t is important to add the
sample DNA below the ml Thus, the pipet tip 1s placed below the oil before
the aliquot 1s dispensed. Contamination 15 always a problem with PCR tech-
nology and this can be reduced by frequent glove changes; at this stage,
change gloves after every ‘preparation’ negative control, usually every five
or six tubes.

Contamination is even more of a problem when handling amplified PCR product
so change gloves after every sample. This can be very tedious but it 1s one way of
ensuring there is no carry-over of DNA from one tube to the next.

At this stage the pellet is often invisible so that it is advisable to mark the tube
before 1t 1s removed from the rotor in the centrifuge in order to determine the
relative position of the pellet

This 15 an equilibration step. The luminescent substrate is made up 1 buffer 3
and 1s pH 9.5 The washing buffer has a lower pH value so the membrane needs
to be equilibrated, otherwise a precipitate will form, which will greatly increase
the level of background.

The CSPD solution can also be reused up to four times. If a precipitate forms 1t
can be removed by centrifuging.
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Hepatitis B Virus

Detection and Quantitation by Membrane
and Liquid Hybridization, Branched DNA Signal Amplification,
Hybrid Capture, and PCR Methods

Mel Krajden

1. Introduction

Hepatitis B virus {HBV) 1s a member of the Hepadnaviridae family and has a
(3200-bp} partially double-stranded circular DNA genome (7). This virus causes
subclinical, acute self-limited, chronic, and fulminant hepatic infections.
Chronic HBV infection is particularly important because of the clinical mani-
festations which include: cirrhosis, hepatic failure, hepatocellular carcinoma,
as well as extrahepatic manifestations, such as vasculitis and membrano-
proliferative glomerulonephritis. It is estimated that there are currently 350 mil-
lion chronic HBV carriers worldwide (2).

In unvaccinated populations, 2—10% of infected individuals become long-term
carriers. In these populations, vertical transmission is very important because
70-90% of infants bom to mothers with chronic HBV infection will become
chronic carriers. Infection in children under 4 yr of age is also associated with a
higher risk (26-30%) of chronic infection. Although sexual transmission 15
important because of the high risk of transmission, the risk of a given individual
who is 1n a sexually active age group becoming a chronic carrier 15 <5%. These
modes of transmission are very important in maintaining the pool of chronic
carriers worldwide (1,2). Other modes of transmission include intravenous drug
use, horizontal transimission within households and institutions, nosocomial and
other parenteral forms of transmission, including rare cases of HBV infection
associated with screened blood products and organs (7).

It is also very important to recognize that the clinical course of HBV infec-
tion reflects the complex interplay between the host’s immune response which
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attempts to control or eliminate the infection (3,4), and virus-specific virulence
factors (5-7).

This chapter will focus on the strengths and weaknesses of laboratory assays
to quantify HBV DNA, which has been shown to be a marker of active HBV
replication (8,9). Hepatitis B viral load testing has also been shown to be an
important surrogate marker to assess the in vivo therapeutic response of chromc
HBYV to antiviral agents, such as interferon and lamivudine (76—12). The ulti-
mate goal of treating chronic carriers 18 to prevent or mimmize the risk of
developing the clinical complications of chronic HBV infection. Effective
treatment of chronic carriers may also decrease the risk of HBV transmuission.
This chapter will demonstrate how hepatitis B viral load testing has and wall
continue to play an important role in our understanding of HBV pathogenesis.
For readers interested 1n the diagnosis of acute HBV infection, the reviews by
Hoofhagle and Bisceglie (13) and Hollinger are highly recommended (1}.

Although advances in care and treatment of HBV are laudable objectives,
vaccination against HBV has been shown to be extremely effective in prevent-
ing HBV infection and the risk of becoming an HBV carrier. Prevention HBV
infection by vaccination must therefore be a key element of any public health
program! Until effective vaccination programs have eradicated HBV disease,
monitoring of viral load will play an increasingly important role in assessing
treatment interventions. Another important dimension that is beyond the scope
of this chapter is how to deliver effectively both vaccination and therapeutic
interventions to the population at risk (2).

1.1. Hybridization-Based Detection of HBV DNA

Figure 1 illustrates in simplistic form, the principle(s) involved in membrane
hybridization and three commercial HBV DNA detection assays, the Abbott
Hepatitis B Viral DNA Assay (Abbott) (Abbott Laboratonies, Abboit Park, IL),
the CHIRON Quantiplex™ HBV-DNA (Chiron bDNA) (Chiron Corporation,
Emeryville, CA), and the Digene Hybrid Capture™ System HBV DNA (Digene)
assays (Digene Diagnostics, Inc., Beltsville, MD). All of the above assays are
based on molecular hybridization and do not involve direct nucleic acid amphfi-
cation using, for example, the polymerase chain reaction (PCR). Viral DNA 1n
serum is first extracted and denatured using various assay specific pratocols
(see Notes 1 and 2). This 1s followed by hybndization with assay specific
probe(s) and quantification of the detected HBV target DNA (Fig. 1).

1, For membrane hybndizanon, HBV DNA from the patient’s sera 1s bound to the
membrane surface and hybridized with 1sotopically or nonisotopicatly labeled
HBY DNA probes. The intensity of the hybndized signal 1s generally measured
by autoradiography or by direct counting of the hybridized signal by phos-
pholummnometers. Standard curves derived from known standards and controls
allow quantitative assessments of the amount of HBV DNA n the sample.
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Fig. 1. Demonstrates 1n simplistic form the principles involved in membrane
hybridization, the Abbott, Chiron bDNA, and Digene HBV DNA assays (E = the enzyme
aikaline phosphatase)

2. In the Abbott assay, '#’I-labeled full-length genomic HBYV DNA is hybridized
with patient’s HBYV DNA 1n solution. Hybridized HBV DNA is then separated
from the unhybridized probe by Sepharose column chromatography. The amount
of patient specific HBV DNA is measured by the amount of hybridized '%I-labeled
probe eluted from the column. The isotopic signal is then compared with the
signals generated from known positive and negative controls,

3. The Chiron bDNA assay involves the 1nitial capture of HBV DNA from the
patient’s serum to a soiid phase. Multiple HBV DNA specific probes are then
hybndized along the HBV genome. These probes are, in turn, hybridized to
branches of DNA (hence the name bDNA), which then bind other probes tagged
with alkaline phosphatase On exposure to substrate, light is released in propor-
tion to the amount of target bound to the solid phase. In bDNA assays, the target
HBYV DNA 1s not directly amplified (as in PCR assays, where the actual target 1s
amphfied 1n vitro). Rather ounly the signal from the bound target is amphfied
(hence the term signal amplification).
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4 The Digene assay 1s based on hybridization of full-length HBV RNA to HBV DNA
in the sample The resulting HBYV DNARNA hybrid is captured m tubes coated
with antibody, which specifically binds to DNA'RNA hybrids. Anti-DNA.RNA
antibody labeled with alkaline phosphatase 1s then used to cleave a substrate
that generates light 1n relation to the amount of captured DNA RNA hybrids

1.2. Membrane Hybridization

There are a number of inherent limitations associated with membrane
hybndization that render it unsuitable for routine chinical use. These include:

| The difficulty in accurately measuring the output signal to ensure that the signal
generated from hybridized probe truly reflects the amount of HBV DNA bound
to the membrane Measuring the intensity of signal by radioautography may not
reflect true signal intensity because of the reciprocity effects of X-ray film ¢14)
This limitation can be overcome by using phospholuminometers, which are
expensive.

2 Part of the target 1s bound to the membrane and is therefore unavailable for
ttybridization with the probe, which can himit the dynamic range of the assay (14, 15)

3. The possibility that certain samples, possibly owing to mcomplete nucleic acid
extraction, may nonspecifically trap the probe on the membrane and generate
false-positive signals.

Given the above limitations, it is not surprising that membrane hybridiza-
tion technology, although very powerful, has not been adopted for commercial
quantitative HBV DNA detection assays.

Since HBV viral load determinations are useful for both quantifying HBV
replication (8,9) and assessing antiviral efficacy, there 1s clearly a need for
accurate and reproducible HBV DNA assays. Because of inherent difficulties
in standardizing in-house quantitative DNA detection assays and the clinical
need for assays that are accurate and reproducible between test centers, HBV
DNA detection assays have been largely relegated to the commercial arena.
The reader will be introduced to step-by-step procedures for three commercial
quantitative HBV DNA hybridization assays followed by an analysis of their
strengths, limitations, and clinical implications (see Notes 7-14).

2. Materials
2.1. Chiron bDNA

EDP electrome pipetter, with 250- and 1000-uL barrels.
Pipetters, 540, 40-200, and 200-1000 uL, and disposable t1ps.
Vortex mixer

Thermolyne™ Maxi-Mix IIl with foam nsert.

Powder-free gloves,

Water bath at 37°C,

IR S
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7.

8

9.

Two Stat-matic plate washers.
Wash station with 4-L flask for wash discard.
70% ETOH and bleach

2.2. Digene Hybrid Capture

05 o W —

Water bath at 65°C.

Vortex mixer.

Pipetter to deliver 50 and 80 plL and disposable tips.

Repeater pipetter and tips to dehiver 1.25 and 12.5 mL (optional)

Rotary shaker capable of achieving 1100 rpm.

Decanting rack.

Wash bottle and absorbent paper.

4000-mL flask, 2000-mL cylinder, and stirrer-mixer to prepare wash solution.

2.3. Abboit HBY DNA

Micropipetters to deliver 1,400, 100, 70, 20, and 10 pL with tips.

Vortex mixer

Microcentrifuge.

Water bath at 65°C

Boiling water bath

Column rack for holding columns.

y-Counter capable of efficiently counting '#1. Counter efficiency should be at
least 60%, preferably 80%, or more.

3. Methods
3.1. Chiron Assay Preparation

1. The day before the assay.

2

a Tum on plate heaters and allow temperature to stablize
b. Write up the plate assay map
¢. Arrange specimens in a rack and leave at—20°C,
On the day of the assay:
a Thaw specimens at 4°C or in cold water
b When thawed, vortex and place on ice.
¢. Record the temperature of the upper and lower chambers of both plate heaters
using the external digital thermometer.
d. Turn on the computer, printer, and luminometer,
You may use the HBV-DNA assay checklist with the following notes:
i. Refer to the plate setup diagram in the Chiron package insert
ii. Standards and controls are tested in duplicate in the first row
1t Specimens are tested in duplicate in the remaining rows, with a maximum
of 42 specimens, {No less than a half plate may be run at any one tume,
and a maximum of 18 specimens.}
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Quick reference The manufacturer’s protocol always supercedes this quick
reference guide

€.

f.

g
h

[ —

—

o =2

§

Allow lysis diluent, reagent, wash A, wash B, capture wells, denaturing
reagent, neutralizing reagent, plate sealers to reach room temperature (box 1).
Remove target probes, standards, and controls (box 2).

Lysis diluent changes from blue/green at 4°C to yellow at room temperature.
Thaw specimens, target probes, standards and controls, vortex, and then place
on ice.

Place capture wells in plate holder. Set up plaie map

Prepare lysis working reagent (900 pL of lysis diluent + 300 pL of lysis
reagent, color changes yellow to orange) Keep at room temperature

Add 10 pl of lysis working reagent to each well with EDP (250 pL barrel)
Add 10 pL of specimen, standard, or cotitrol to the appropriate well (color
changes for orange to yellow/green).

Seal plate and shake for 30 s.

Insert PAD (heater liner) 1n 63°C heater, and incubate plates at 63°C for
30 min

Within 10 min before use, prepare target probes working reagent (1200 pL
denatuning reagent + 10 pL target probes), vortex, and keep at room temperature
Remove plate from heater, and immediately add 10 pL of target probes work-
ing reagent (color change yellow/green to purple).

Seal plate, shake for 30 s, and then incubate at 63°C for 30 mn.

Remove plate from heater Immediately add 10 pL neutralizing reagent to
each well (color change purple to yellow)

Seal plate, shake for 30 min, and then incubate at 63°C for 16-20 h

3 Day2:

4.

b

Place amphifier diluent and label diluent at 37°C for 10~15 min (box 1, time
step). Leave label diluent at 37°C until use.

Thaw at room temperature amplifier and tabel probe, Place label probe at 4°C
until use

Set up wash statton.

d. Cool plate at room temperature for 10 min.

Prepare amplifier working reagent (vortex 4 4 mL amplifier diluent + 33 pl.
amplifier), and keep at 37°C.

Aspirate wells, and wash two times with 400 L. wash A. Add 40 pL amplifier
working reagent to each well. Seal plate, shake for 30 s, and incubate for 30 min
at 53°C

Cool plate for 10 min Prepare label working reagent 4.4 mL + 10 pi, vortex,
and keep at 37°C, Wash plate two times with 400 pl wash A.

Add 40 L of label working reagent. Seal plate, shake for 30 s, and incubate
for 15 min at 53°C.

. Set up data reduction software and luminometer.
. Cool plate at room temperature for 10 min. Aspirate all wells. Wash two times

with wash A and three times with wash B {400 ul/wash).
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k.
L

Add 30 uL of substrate to each well.
Seal plate, shake for 30 s, and incubate at 37°C in lummometer for 25 min
Then read on luminometer,

4 Repeats and dilutions:

a.

The computer printout will flag specimens that need to be repeated and/or
diluted, 1.e., specimens above assay cutoff with CV% > 20% and specimens
below assay cutoff with CV% > 25% (see Note 4),

Repeat once after centrifuging specimen for 2 min at 3000 rpm 1n a micro-
centrifuge (Eppendorf)

Specimens with quantitation value above the upper limit of the standard curve
Dilute/repeat according to the following chart, in human serum negative for
HBV DNA by the Chiron assay (stored in 1-mL aliquots).

Luminescence value of undiluted sample versus recommended specimen chlution

Luminescence Dilution
>900 1 200
600—-900 1:50
400600 1:25
300400 110

f. Specimens for which quantitation values for the duplicates are above and

below the cutoff value are repeated undiluted on next assay run.

5. Assay validation:

a

The quantitation of the positive control must fall within the range specified n
the product nsert supplement, for the lot number of kit you are using The
CV% for the positive control must be <20%.

Standards A—D- The CV% for standards A—D must be £20%.

Negative control’ The CV% for the negative control must be £25%. If any of
the standards { A—D)} and/or the controls do not fall within the specified ranges,
the assay 1s invalid and must be repeated If the negatve control CV% 1s
>25%, contact Chiron Technical Service for advice. If Techmcal Service
approves the assay, please request verification in writing with date and signa-
ture for quality-assurance purposes,

6 Assay quality control- For each assay, complete the information on the Chiron
HBYV DNA assay quality-coatrol sheet: date; kit lot number; CV% for standards
A-D; positive control range frem product insert supplement; positive control
value from assay printout, initials of technologist performing the assay

7. Reporting:
a. Positive results: should be reported quantitatively in pg/mL (results can be
reported in MEq if desired)
b. Negative results: report as <2.5 pg/m.
c. High CV% results: specimens with a high CV%, after repeat testing one to
two times should be reported as: high CV%, unable to provide valid result.
d Intermediate results: 1f after two consecutive assay runs, the specimen remains

indeterminate, report as: indeterminate,
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3.2. Digene Hybrid Capture Assay Preparation

1 The day before the assay’
a Assemble work list
k. Remove specimens to be tested from the —20°C freezer, and thaw overmght
at 4°C
2 On the day of the assay
a Equilibrate 65°C water bath
b Allow specimens and HBV-DNA kit to reach room temperature
¢ Record the ambient room temperature.
d Run the background quality-control check on the DCR-1 luminometer

Quick reference. The manufacturer’s protocol always supersedes this quick ref-
erence guide
a. Allow specimens and reagents to reach room temperature.
b. Label hybridization tubes for controls, standards, and specimens, Negative con-
trol and standards are tested 1n duplicate, and specimens are tested individually
¢. Add 50 pL of control, standard, or specimen to tube.
d Using a repeater ptpet with disposable ttps, add 25 pL of sample diluent and
25 pL of sample preparation reagent to each tube
e. Cap tubes and place in hybridization rack on a rotary shaker at [ 100 £ 100 rpm
for 30 s. Tube contents should turn light green or blue.
f. Incubate at 65 £ 2°C for 20 £ 5 min 1n the water bath
g Prepare HBV probe mix' 1 tube probe diluent + 80 pL HBV probe Vortex to
mix (Store the diluted probe at —20°C after preparation and initial use, and
equilibrate to room temperature before use)
h Remove hybridization tubes from water bath Uncap tubes individually Add
50 L of denaturation reagent.
1. Recap tubes Mix on rotary shaker for 30 s (1100 £ 100 rpm). Tubes’ contents
should turn hight pmk.
j- Incubate at 65 £ 2°C for 30 £ 5 mun in water bath
k Remove from water bath, and uncap tubes individually Add 50 pL of HBV
probe mixture into each tube
1 Tighten caps Mix on multitube rotary shaker (1100 £ 100 rpm) at 20-25°C
for 3 £ 2 min. Tubes should tum a blue-green
m Incubate at 65 + 2°C 1n the water bath for 60 £ 5 min
n Label required number of capture tubes.
o Transfer contents of hybridization tube to corresponding capture tube, using
a clean [-mL plastic pipet.
p. Cover with Parafilm Shake on rotary shaker (1100 & 100 rpm) at 20-25°C
for 60 + 5 min, Prepare wash buffer.
q. When capture step 1s complete, decant the tubes by inverting rack over sink
and shaking out contents Blot tubes two to three times on absorbent paper
r. Pipet 250 pL of detection reagent 1 into each tube. Shake rack by hand, sev-
eral times to verify that all tubes are filled accurately.



Viral Load Testing for HBV 111

5

Cover with Parafilm. Incubate at 20-25°C for 30 + 3 min on bench top

t. When incubation 1s complete, decant contents of tubes by mverting over sk

Y

z

Blot inverted tubes two to three times on absorbent paper.

Fill all tubes to overflowing with wash buffer. Decant over sink Repeat four
times (five washes). After final wash, remove excess wash buffer by shaking
inverted tubes vigorously over sink.

Drain inverted capture tubes for 5 muin on absorbent paper.

Pipet 250 pL of detection reagent 2 into each tube, and add the reagent in the
same order 1n which the tubes will be read.

Pipet 250 pL of detection reagent 2 into an empty, lean 12 x 75 mm polysty-
rene tube to serve as the detection reagent 2 blank

Cover tubes with clean Parafilm. incubate at 20-25°C for 30 + 3 min on bench
top. Cover the tubes with a box or foil to avoid exposure to light.
Immediately following incubation, read tubes on the Digene luminometer.
Wipe each tube gently with a moist Kimwipe before mserting mto mstrument,

3 Quality control: Perform luminometer background check Refer to the Digene
DCR-1 Lumimometer Manual. Use 10 empty tubes counted 5 times for 10 s each
Background should be <500 relative light units (RLUY 10 s count Complete the
HBV-DNA assay data sheet Include date performed, initials of technologist,
room temperature, lot number, and expiry date of kit

Enter the RLU values for the positive standards and negative control into the

table on the assay data sheet. Calculate the ratios for assay validation
4. Assay validation.

a.

b.

C.

The positive standards and negative control are tested in duplicate for each
test run.
The positive standards and negative control results are used to calculate ratios
to validate the assay. Ratios must be within the following ranges-
1 Positive Stn | mean RLU =+ negative Ctrl mean RLU 2 15
1i. Positive Stn 2 mean RLU + positive Stn 1 mean RLU 2 5 0.
11 Posihive Stn 3 mean RLU + positive Stn 2 mean RLU 2 4 0,
If any values fall outside the above ranges, the assay is mvalid, and the speci-
men results cannot be interpreted.
The detection reagent 2 blank (DR-2 blank) must be.
DR-2 blank < 5000 RLU
DR-2 blank < RLU. Values for all controls.
RLU values above 5000 indicate contamination of the detection reagent 2

5. Reporting'

a

b.

Record alt RLU readings and interpretations m pg/mL on the worksheet,
Report results as the numeric value printed on the lummometer tape.

i. HBV DNA" “X” pg/mL by Digene assay.
All values <5 pg/mL should be reported as.

11 HBY DNA <5 pg/mL by Digene assay
All computer extrapolated values should be reported as HBV DNA >2000 pg/mL
by Digene assay (see Note 5).
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3.3. Abbott HBV DNA Assay Preparation
1. On the day of the assay:

a

Bring specimens and kit reagents to room temperature. Vortex specimens
before use.

b. Equilibrate at 65°C in water bath

Reconstitute reagent 2: Add 400 pL of solution A, vortex for 5 s, and store at
room temperature for 2 h,

Quick reference. The manufacturer’s protocol always supersedes this quick
reference guide

a. Label reaction tubes: three negative controls, two positive controls, and one
for each specimen.

b Add 100 L of reagent 1 to each tube.

¢. Pipet 100 ul. of control or specimen fo the appropriate tube.

d Add 10 ul of reconstituted reagent 2 to each tube. Cap tubes, vortex, and
centrifuge for 1-3 s

e Incubate at room temperature (15-30°C) for 60 = 2 mun. Warm reagent 4 at
65 £ 1°C whle tubes are incubating.

f Add 20 pL of reagent 3 to each tube Cap tubes and vortex

g Incubate at room temperature {15-30°C) for 30 £ 2 min Turn on the boiling
water bath at the beginning of the incubation

b Prepare columns (18—24 h prior to use) Arrange columns vertically in the
rack, remove cap, remove plug using forceps, and recap ¢olumn.

1. Approximately 10—15 min before the end of incubation, remove reagent
4 from 65°C water bath, vortex, heat 1n boiling water bath for 5 £ 0 5 mun,
remove, and stand at room temperature (15-30°C) for 5-10 min Vortex
before use

] Add 70 pL of reagent 4 to each tube, cap tubes, vortex, and centrifuge for
1-3 s (addition of reagent 4 shouid be completed within 10 mun of being
placed at room temperature)

k. Incubate at 65 = 1°C for 18 £ 2 h Leave reagent 5 at room temperature
{15-30°C) overnight

2 Day two:

a. Remove top and bottom cap from columns Allow storage buffer to dramn
completely {approx 30 min).

b Label counting tubes and place under columns

¢ Remove reaction tubes from water bath, and centrifuge for 1-3 s (to precipi-
tate condensate),

d Immediately transfer contents (300 pL) of each control and specimen tube to
the appropriate column.

e Add 1400 pL (2 x 700 uL) reagent 5 to each column Collect eluate 1n the
counting tube until the column has stopped dripping (total volume collected =
1700 uL).

f. Cap counting tubes, place mn y-counter, and select HBV DNA program

Count each tube for 10 mun.
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3. Calculation of results:

a. y-Counter is calibrated daily as 1s the background counts, which are subtracted
antomatically.

b. Total counts in 10 mun are used for calculations rather than counts per min.

¢. Calculate the mean of the positive controls: (calculated by the computer pro-
gram). Each positive control value should be 20.75 times the positive control
{(PC) mean and <1.25 times the PC mean. If one value is outside the acceptable
range, repeat the run (see Note 6).

d. Calculate the mean of the negative controls (calculated by the computer pro-
gram). Each negative control value should be 20.5 times the negative control
(NC) mean and <1.5 times the NC mean. If one value is outside the acceptable
range, discard this value and recalculate the mean. If two values are outside
the range, repeat the run,

4. Assay validation: (calculate manually and record): The run is valid if the mean of
the positive control is 23000 counts and the ratio of the mean of the positive
control o the mean of the negative control {P/N) 15 220
a. Calculate the cutoff vaiue (cailculate manually and record) cutoff value =

(0 015 x PC mean counts) + NC mean counts,

b Caiculate the retest range (calculate manually and record)' 10% on either side
of the cutoff value,

¢. Quantitation of HBV DNA concentration (calculated by the computer pro-
gram): concentration of the positive conirol:

103 pg/mL (Sample counts — NC mean)/(PC mean — NC mean) 1
x 103 = pg HBV DNA/mL (

5. Reporting:
a. Negative: counts < cutoff value, i.e., <1.6 pg/mL.
b. Positive: counts 2 cutoff value report value in pg/mL.
Retest in duplicate to confirm initial test result when counts are within 10% of
the cutoff value.
c. Retests: Specimens with counts < cutoff value are considered negative. Speci-
mens with counts > cutoff value are considered positive.

4. Notes

1 All specimen handling should involve universal precautions. Technologists
should have received a course of HBV vaccination and have had a documented
serological response to HBV vaccine, Meticulous specimen handling is required
to prevent carryover of infectious material as well as noninfectious nucleic acids.

2. A key factor affecting accurate quantification of HBV DNA is sample handling
and storage. Unfortunately, there is limited published information on optimal
sample handiing for detection of HBV DNA in sera. Most specimen handling
data are gleaned from published studies involving quantitative detection of
nucleic acids from, e g., hepatitis C virus and HIV ¢76). Early separation of
samples within approx 4 h of collection minimizes the chances that white blood
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cells in the sample will degrade and release enzymes capable of destroying
the viral nucleic acids

We have recently assessed the stability of HBY DNA 1n 26 neat sera, which
were previously frozen at —70°C prior to being stored for 1-5 d at 4, 25, 37, and
45°C (n = 20), and for 1-21 d at 4, 25, and 37°C {n = 6). All specimens were
subsequently refrozen at—70°C prior to undergoing quantitative HBV DNA test-
ing by Chiron bDNA. We found no significant HBV DNA degradation at 4°C
over 5§ d by logistic regression However, HBV DNA levels did decrease by
approx 1.8%/d at 25°C, 3.4%/d at 37°C, and 20%/d at 45°C, Thus, specimen
integnity for detection of HBV DNA in serum 1s preserved in separated serum at
4°C for at least 5 d ¢17).

3. Table 1 contrasts some techmcal and design aspects of the three commercial
HBV DNA assays. The Chiron bDNA and Digene assays are best suited for high-
volume laboratories because 42 and 52 specimens, respectively, can be processed
at once. In contrast, a single Abbott assay can test 20 specimens. The Chiron and
Digene assay kits also have longer shelf lives (approx 1 yr), whereas the Abbott
assay, which is tsotopic, must be used within 1 mo. When testing batches of
approx 40 samples, the overall hands on technical time are quite similar, at approx
7 h, despite the fact that the Cluron and the Abboit assays require overmght
hybridization steps.

4. The high degree of reproducibility of the Chiron bDNA assay occurs, 1n part,
because the standards, controls, and specimens are tested in duplicate. Testing in
duplicate allows the CV% to be calculated permitting detection of technical or
equipment errors, ensuring precise quantification of specimens and allowing a
precise assay cutoffto be generated. Approximately 0—6% of specimens will have
an efevated CV% on mitial testing and, therefore, require repeat testing to gener-
ate valid results. The Chiron bDNA assay also has the widest dynamic range
(2 5 pg/mL to approx 16,000-18,000 pg/mL, where | pg1s equtvalent to 285,000 Eq
or copies) allowing more specimens at the low and high end of the dynamic range
to be accurately quantified on initial testing. In addition, specimens that quanti-
tate above the dynamic range of the assay are flagged for repeat testing using a
defined dilution protocol. Repeat testing of high-end specimens further expands
the dynamic range.

5 For the Dhgene assay only, the controls (high-, mid-, low-range, and negative
controls) are tested in duplicate. The manufacturer recommends that specimens
be tested individually, Inherently this decreases the ability to detect technical or
equipment errors, and this theoretically decreases intra- and interassay result
reproducibility The low-end cutoff of the Digene assay has recently been low-
ered to 5 from 10 pg/mL, which 1s shghtly less sensitive than the Chiron assay
whose low-end cutoff is 2.5 pg/mL. Another important point is that the
luminometer software provided by the manufacturer extrapotates HBV DNA val-
ues, which quantify beyond the high-end cutoff of the assay, i.e., 2000 pg/mL.
These extrapolated HBV DNA concentrations are not precise when compared to
specimens diluted in HBV DNA negative serum, Thus, specimens that have HBV
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DNA concentrations >2000 pg/mL should be diluted and retested 1f accurate
quantification is required Because of the natrower dynamic range of the Digene
assay relative to that of the Chiron bDNA, more samples may require repeat test-
ing after dilution to quantify HBV DNA accurately. Despite these limitations, the
Digene assay 1s reliable, easy to perform, and reasonably accurate

6 The Abbott assay was the first commercially available HBV DNA hybridization
assay. Its intrinsic design, however, lumts its ability to quantify accurately HBV
DNA in specimens. The assay uses duplicate testing of a single positive control
(set at 103 pg/mL of HBV DNA) and three negative controls to create its stan-
dard curve. No high-, mid-, or low-range standards are included in the assay The
lack of standards at various HBV-DNA concentrations limts the ability to set an
accurate low-end cutoff and to determine if a strongly positive specimen exceeds
the dynamic range of the assay Abboit recommends that specimens be tested
individuaily. As with the Digene assay, this does not allow for CV% determina-
tions As stated by the manufacturer, samples with net counts greater than or
equal to the calculated cutoff of 1.6 pg/mlL. are considered reactive, and spec-
mens with net counts within £10% of the cutoff value should be retested 1n
duplicate to confirm the 1nitial test result. However, because this 1s a very low
radioactivity assay, the background radioactivity in the counting chamber itself
can exceed the background radioactivity of the negative controls limiting the
ability to detect low positive specimens accurately In practice, specimens that
yield net counts that are within £10% of the low-end cutoff (generally speci-
mens yielding HBV DNA values of <3-4 pg/mL) are not accurately detected
(18,19). These design features also limit the dynamic range of the Abbott assay
to 2-3 log

7 Internationally accepted HBV DNA standards, such as those developed by the
EUROHEP orgamzation and World Health Organization, permit accurate
interassay validation Unfortunately, these standards have not yet been adopted
by all manufacturers Chiron has recently revised its own HBY DNA standard
such that samples tested prior to March 1996 should be multiplied by 0.65 to
convert previously quantified HBV DNA values to the new standard (Chiron
technical bulletin, March 10, 1996). The technical aspects of developing such
standards, as applied to RNA, have been discussed by Collins et al (28}, The
acceptance and application of defined nucleic acid standards have progressed
rapidly within the field of HIV, where common standards allow accurate
interassay comparisons even when using different amplification technologies and
multiple test sites (21). Figure 2, reproduced from Zaayer et al. (15), tllustrates
how specimens tested by mermbrane hybridization, Churon bDNA, Abbett, and
HBV PCR compare. On the x-axis 18 the log dilution of the “input” copies of
HBYV DNA using the Eurohep HBV DNA type ad and ay standards On the y-axis
1s the measured amount of HBV DNA or “output” signal generated by each of the
assays. This figure illustrates a number of clinically relevant issues pertainmg to
HBV DNA quantificatton



OHBV ganomea/ml (maasured)

10 F
10°F "y MH_g/="MH
, E - =ad o
]
Ll Chiron ¥*
10‘; (o) ( * Abbott
1055
10‘5
3
107¢ PCR
1°2i - (0}.‘ - N - . ¥+ &+ +ay
101; - - - - * + s + 4+ e+ 4+ ,nad
r 1 lll!.u.ll L LtiNis Lol L Llhinis foalaaim o bimm il LAl L1 11N
109 10! 102 0% 40* 108

HBY genomes/m!i {theoretical)
gHBV.! genomes/ml (measured)

10
F .ay
e n gd
8
10 E
.
10 F
Chiron »
8| Abbatt
10 ¢ ()
C - {
w0 10

10 I]
HBY ganomea/ml (theoretical)

117

Fig. 2. Reproduced with permission from ref. 75 (A) Test results produced by
PCR and three guanutative hybridization assays with dilutions of the Eurohep
HBV DNA type ad and ay standards. The x-axis shows theoretical HBV DNA
genome copy number 1n dilutions prepared from the standard plasma The y-axis
shows HBV DNA genome copy number as reported by the
membrane hybridization (MH) assays (Indeterminate test results are shown in
parentheses ) The dotted dragonal line depicts the hypothetical situation of com-
plete agreement of theoretical and measured levels of HBV DNA. (B) Test results
of three quantitative hybridization assays on dilutions of the Eurohep HBV DNA
type ad and ay standards, as shown in panel A

Chiron, Abbott, and
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a. Membrane hybridization was the least sensitive assay requiring approx 107
copies/mL of HBV DNA for detection ¢15). It is likely that the sensitivity of
membrane hybridization 1s affected by the volume of serum or plasma used
for hybridization, Of particular interest, however, 1s the fact that the relation-
ship between the input HBV DNA and output signal by membrane hybridiza-
tion assay as performed by these authors was simuar to that of the Chiron
bDNA assay. This may be a function of the standards used by the authors

b Chiron bDNA was more sensitive than membrane hybridization requiring a
minimum of approx 10> copies/mL of HBV DNA for detection The assay
also demonstrated a2 dynamic range of 3—4 log, which was greater than mem-
brane hybridization and the Abbott assay

¢ Of importance, specimens tested by the Abbott assay generated quantitative
values that were approx 19 times less than those reported by the Chiron bDNA
and membrane hybridization (Fig. 2) The Abbott assay was also less sensi-
tive and had a narrower dynamic range than the Chiron bDNA assay Thus 1s
consistent with the data reported by Kapke et al (78}, as well as our own
experience whete specimens tested on the Abbott assay yield HBV DNA con-
centrations in pg/mL, which are approx 10- to 30-fold less than the same spect-
mens tested by Chiron bDNA (19). It is important to note that the two assays
correctly identify HBYV DNA-positive specimens, at least those that contain
amounts of HBV DNA, which fall within their respective dynamic ranges.
This suggests that the quantitative differences in HBY DNA reported by the
Chuiron bBDNA and Abbott assays are, at least in part, a reflection of the differ-
ent standards used for assay cahibration (14,18). This clearly illustrates the
critical need for improved interassay standardization.

d Figure 2 also illustrates that current hybridization assays are approx 100,000-
fold less sensitive than HBV PCR.

Another important 1ssue involves accurate quantification of different HBV sub-

types and genotypes. In the study by Zaaijer et al (15) (Fig. 2), two HBV DNA

subtypes were assessed by the various assays with similar detection accuracy

Because hybridization assays generally use whole genomic probes or multiple

probes targeting multiple genomic regions at once (Chiron bDNA), one would

expect that these assays would be minimally affected by minor genotypic
sequence variations, In contrast, minor changes 1n the sequence between the PCR
primer and the target (particularly primer-target heterogeneity at the 3'-end of

PCR primers) dramatically alter PCR amplification efficiency and quantitative

accuracy (22).

Detection of HBV DNA 1n climcal specimens by Chiron bDNA, Digene, Abbott,

and membrane hybnidization. It 1s ymportant to understand that patients with

chronic HBV infection are assessed using chnical criteria, serum transaminases,
hepatic histopathology, and serological markers of HBV infection ¢13). Quanti-
tative HBV DNA using molecular hybridization assays give additional informa-
tion by providing a marker of HBV replication (8,9} There are currently limited
published data comparing the performance of the Churon bDNA, Digene, Abbott,
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and membrane hybridization assays in well-characterized populations. These data
are also difficult to interpret because of poor interassay standardization, whnch
results 1n the dramatic differences in the quantified amount of pg/mL of HBY
DNA when the same specimen is tested by the different assays Hendricks et al
(23} have demonstrated that the analytical detection limit of the Chiron bDNA 15
about 100,000 Eqg/mL (where 285,000 Eq = 1 pg of double-stranded DNA). At
this level of assay sensitivity, 94-100% (222/237 and 54/54) of chronically hepa-
titis B e antigen- (HBeAg) positive patients were Churon bDNA-positive as com-
pared with 27-31% (50/186 and 5/16) of hepatitis B surface antigen- (HBsAg)
pasitive, HBeAg-negative patients (23). This 1s consistent with the data obtained
by Zaaijer et al, {15), where 73, 67, and 40% of HBeAg-positive and 25, 13, and
8% of HBeAg-negative patients were Chiron bDNA, Abbott, and membrane
hybridization positive, respectively. This is also in agreement with Chen et al
{24), who demounstrated that 19/27 (70%) of HBeAg-positive patients were
Chiron bDNA-positive

Butterworth et al. (14} assessed a limited number of patient samples and per-
formed dilutional studies comparing Chiron bDNA, Digene, Abbott, and mem-
brane hybridization. They were able to confirm the work of Zaayer et al (15)
demonstrating that the reported values by Abbott assay (in pg/mL) were approx
10-fold less than those reported by Chiron bDNA. Although the Digene assay
was somewhat less sensitive than the Chiron bDNA, the quantified pg/mL of
HBV DNA for a given specimen more closely approximated those reported by
Chiron bDNA Of note, sequential patient samples obtamed before, during, and
after interferon treatment when tested by the four assays demonstrated stmlar
overall HBV DNA trends over time, despite the fact that the quantified amount of
HBV DNA by the Abbott assay 11t specimens was approx 10-fold less in pg/mL
than those reported by Chiron bDNA (14) These authors also quantified the HBV
DNA controis and standards supplied by each of manufacturers on each of the
four assays. They were able to confirm that differences 1n the measured HBV
DNA values reported by each assay were largely owing to differences n the
standards used for assay calibration (14). Aspinall et al. (25) studied a limited
number of patients by Abbott, Digene, and HBV PCR Unfortunately, many of
the specimens that were tested were within the low-end detection limits of the
Abbott and Digene assays, thus making comparative interpretations between the
assays difficult ¢26).

In an effort to assess and compare the performance of the Chiron bDNA,
Digene, and Abbott HBV DNA assays, we have applied a novel method, called
the multimeasurement method (MMM}, to analyze interassay performance (19).
A key assumption of MMM 1s that all assays, regardless of techmque, essentially
measure the same analyte, in this case, HBV DNA. Unlike regression methods,
which assume that one assay predicts another, MMM simultaneously estimates
the true value of the analyte and the curves that associate each assay’s results
with this true value. Inherent in MMM analysis 1s a comparison of assay sensitiv-
ity, responstveness, lincarity, and precision, as well as the abibty to convert
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between the measurements of each of the assays. The MMM estimated that

Chiron b(DNA) demonstrated greater responsiveness, precision, and lineanty

over a 3-log;, HBV DNA concentration range than either the Abbott or Digene

assays, MMM estimated that Chiron bDNA and Digene assays had equivalent
precision, which was greater than that of Abbott assay, and that the lirut of
quantitation of the Abbott assay is set too low. Because the MMM can create
conversion equations directly from a single nomogram, 1t is possible to convert
HBV DNA quantfication values between the Chiron bDNA, Abbott, and Digene
HBV DNA assays.
1¢ Hybndization vs nucleic acid amplification (e g , PCR) for detection of HBV

DNA. There are two important 1ssues that have precluded widespread applica-

tion of ultrasensitive nucleic acid amplification, such as PCR, to detect HBV

DNA n climcal specimens. The first 1ssue 1s that although HBV PCR 1s approx

100,000-fold more sensitive than hybnidization assays (15}, the optimal assay

sensitivaty required for clinical care remains undefined The second is that 1n
order to define the clinical utibty of HBV PCR assays, these assays need to be
highly standardized and guantitative.

Although a number of PCR-based HBV DNA detection assays have been pub-
lished (15,27,28) using in-house or commercial platforms for sample preparation
{29), nucleic acid amphfication, and detection of amplified target (30—-32), these
assays remain poorly standardized (33). Because of poor assay standardization,
pubhshed clinical correlations are difficult to interpret. In general, the vast
majority of HBsAg-positive patients are HBV DNA PCR-positive (15,27,31,33)
Because HBV PCR assays are more sensitive than hybridization assays, they
have been particularly useful for detection of active HBV infections associated
with low HBV DNA copy number.

For example, ultrasensitive PCR-based detection has been useful to.

a Document active HBV infection in HBeAg-negative surgeons who have trans-
nutted HBV to their patients (34).

b Detect HBY DNA 1n potential hiver transplant recipients who, 1f HBV
DNA-positive, indicates a high nisk of HBV reactivation after organ trans-
plantation {35).

c. Detect HBV DNA in some individuals who are HBsAg-negative and HBc-
Total antbody-positive (challenging the current dogma that these individuals
have truly resolved their HBV infection) ¢34,37). Simifarly it has been dem-
onstrated that organ donors who are HBsAg-negative and HBcTotal-positive
can transmit HBV infection to itver transplant recipients (38)

d It has also been suggested that 1n some tndividuals, HBY DNA may be the
sole marker of HBV infection (39,4

It 15 important to recogrmze that improvements 1n nucleic acid amplifica-
tion technology are occurring concurrently with improvements 1a direct
nucleic acid detection. For example, second-generation HIV assays using
bDNA technology detect approx 500 copies of nucleic acid, and assays under
development detect approx 50 nucleic acid copies without the need for PCR
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Fig 3 Demonstrates the relationship between HBY DNA n response to interferon
treatment 1n 51X paucnts over time

Since submission of this chapter, the Roche AMPLICOR HBV Monitor
PCR Test, a standardized commercial PCR assay, has become available We
have used the Multi-Measurement Method, a minimal bias, nonlinear regres-
sion techmique that simultaneously evaluates multiassay linearity, responsive-
ness, and precision to demonstrate that in comparison to the Chiron and
Digene assays the HBV Momitor PCR Test was approximately 3 logs more
sensitive and has a lower limit of detection of approximately 10° copies/mL
of HBV DNA. However, patients with =107 copies/mL, i.e , specimens
obtained from most individuals who are HBeAg positive would require dilu-
tion and retesting for accurate HBV DNA quantification (40a).
A second generation Digene HBV DNA assay which has a lower linut of
detection of approximately 6000 copies is currently undergoing alpha testing.
As the sensitivity and standardrzation of nucleic acid-based detection of
HBYV improves, it will become possible to replace the current myriad of HBV
serological assays with nucleic acid-based assays that more accurately reflect
active HBV infection
11, Measuring antiviral treatment response in individuals: Figure 3 illustrates results
of serial serum HBY DNA determinations (reported in log;, of the pg/mL of
HBYV DNA using Chiron bDNA) from six patients undergoung interferon therapy
The three interferon nonresponders maintain elevated HBV DNA levels despate
treatment. In contrast, interferon responders demonstrate dramatic decreases n
HBV DNA within weeks of nitiating therapy, generally dropping their serum
HBY DNA to below the assay baseline within 1620 wk. Based on published
literature, approx 30—40% of interferon treated patients will have a sustamed
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response and remain HBV DNA-negative by hybridization assay after complet-
ing acourse of therapy (10,11). Such treatment 1s likely cost-effective for HBeAg-
positive patients with chronic HBV infection (72).

Pretreatment factors that have been shown to favor interferon response include
high serum aminotransferases, evidence of hepatic inflammation, low level of
HBYV DNA, a recent onset of chronic infection, and lack of coexisting immuno-
suppression (10). It 1s important to recognize that optimal nucleic acid, serolog:-
cal and climical end point(s) for interferon, or other antiviral treatment responses
are not completely defined Although a compiete and sustained loss of HBY DNA
as detected by current-generation HBV hybridization assays is suggestive of a
destrable end point, Marcelhn et al. (41) and Carman et al (42) have demon-
strated that HBV DNA can still be detected by more sensitive PCR assays in
some patients who have lost HBsAg in relation to antiviral treatment.

Of note, one of the patients who initially responded to interferon (as measured
by Chiron bDNA) relapsed by about week 40 (Fig. 3). Given the fact that HBV
DNA hybndization assays are approx 100,000-fold less sensitive than nucleic
acid amplification assays, 1t 1s important to ask whether detection of HBV DNA
by ultrasensitive assays could help predict treatment response or failure at an
earher stage, Early and accurate 1dentification of long-term treatment responders
allows one to balance the cost of surrogate marker testing vs the cost of the thera-
peutic intervention(s} and provide information for cost-effective therapeutic
decisions. Similarly, the ability to provide accurate and early detection of, e.g., inter-
feron nonresponders, allows one either to termunate ineffective therapy or to
develop and assess novel therapeutic interventions.

It 1s likely that the most cost-effective way of treating chronic HBV infection
will require integration of clinical and laboratory data. Lau et al. (43) have looked
at a number of statistical models that predict outcome of interferon treatment
based on the sex, AST, pretreatment hepatic necroinflammatory score, and HBV
DNA quantitation before and after 1 mo of therapy. Such statistical models cor-
rectly identified between 77 and 86% of responders and 87 and 92% interferon
nonresponders,

Current therapy of chronic HBV infection involves the use of agents that have
direct or indirect antiviral activity. Interferon is therefore the “model” agent
whose effects are indirect, and owing to its immune enhancing activity In con-
trast, such agents as Larmivuedine and famciclovir directly interfere HBV replica-
tion (44}. Nucleoside analogs, such as lamivudine, act very rapidly to clear HBV
DNA m patient sera within 1-2 wk In fact, Nowak et al. (8} have used the changes
in HBV DNA in individuals treated with lamivudine to estimate that approx 10!!
HBV viral particles are released into the serum each day with a half-life of approx
1 d and that the half-hife of virus-producing cells 1s between 10 and 100 d.

Although lamivudine has been shown to be efficacious for short-term treat-
ment of patients mnfected with HBV (43} as well as in patients coinfected with
HIV ¢46), at this point in tine, it is unclear how many individuals will be able to
maintain elimination of HBV DNA once therapy with lamivudine has been
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stopped With further improvements in the standardization of ultrasensitive
nucleic acid amplification assays and/or development of more sensitive hybrid-
ization assays, one will be able to assess if ultrasensitive assays provide
additional prognostic information for the optimization of patient care in patients
using antiviral agents that directly affect viral replication or in combination
with interferon.

Host factors associated with HBV pathogenesis: Thursz et al. (4) have shown
that the MHC class II allele DRB1*1302 is associated with protection against
chronic HBV infection 1n both children and adults in Gambia. More recently,
Thomas et al. (3) have suggested that a mutation in codon 52 of the gene that
codes for mannose binding protein is associated with chronic HBV infection in
Caucasians, but not in individuais of Asian origin. Clearly host immune factors
play an important role 1n the clinical outcome of HBV infection.

Individuals with acute, self-limited HBV infection have been shown to mount
vigorous cytotoxic T-lymphocyte responses against HBV nucleocapsid, enve-
lope antigens, and the viral polymerase (47,48) The dogma has been that an
effective cellutar immune response resulis in lysis of infected hepatocytes, viral
clearance, and resolution of clinical infection, In contrast, individuals who many-
fest a relatively weak cell-mediated immune response progress to chronic HBVY
infection, because therr cellular immune response causes incomplete lysis of
infected hepatocytes permitting ongoing viral replication Persistently infected
cells then either induces a chrome¢ cell-mediated immune response with chronic
hepatocellular mjury, or viral cytotoxicity enhances hepatocyte turnover, result-
mg n necromflammation and secondary inflammation from degenerating and
regenerating liver cells. In either case, chronic infection culmunates in fibrosis,
liver failure, and an enhanced nsk of hepatocellular carcinoma or extrahepatic
manifestations of HBV infection.

Aithough the hypotheses regarding why different individuals develop chronic
vs acute self-limited HBV infection are intriguing, ultrasensitive HBV DNA
assays suggest that it 1s simplistic to presume that individuals with acute self-
limited infection completely clear the virus. For example, liver allografts from
hepatitis B core total (HBVcTotal) antibody-positive, hepatitis B virus core IgM
(HBVcIgM), and HBsAg-negative donors can transmit HBV to seronegative
recipients (38}, This demonstrates that these organ donors, who by conventional
testing are considered HBV-immune, clearly have replication-competent HBV
in their donor graft tissue or serum. Similarly, Rehermann et al. {37) have dem-
onstrated the HBY DNA can be detected by PCR in serum and/or peripheral
blood mononuclear cells from individuals decades after acute self-limited HBV
infection in the presence of strong cytotoxic T-lymphocyte activity. Rare cases
of HBV DNA positivity as a sole marker of HBV infection 1t patients have also
been recognized (36,39.40).

Viral factors associated with HBV pathogenesis: A number of authors have dem-
onstrated that sequence vartations either in the precore (8, 7) or the core promoter
region of HBV (5) are assocjated with fulminant and severe hepatitis, Unfortu-
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nately, the correlations between genotypic variants and the clinical manifesta-
tions of HBV infection have not been universal (#9-52). It is clear that accurate
assessments of the role of different viral genotypic and phenotypic variants on
the clinical manifestations of HBV infection will require a better understanding
of how different hosts handle HBV infection and the characterization of the viral
virulence determinants 1n the context of an individual host’s immune makeup

14, Sequence-based assessments of host immune and viral virulence factors and
future directions: Although this chapter has focused on the use of HBV DNA
quantitation as a marker of antiviral agent efficacy, there are a number of
molecular technologies being applied to help advance our understanding of the
interplay between host and viral factors in pathogenesis. Correlating gene(s) and
gene product(s) expression involved 1n host immunity and virus-specific viru-
lence determinants will be key in improving our understanding of HBV patho-
genesis Although PCR-based sequencing has been applied to sequence host and
viral genes, a particularly powerful new technology 1s hybndization-based
sequencing This technolopy involves generation of high-density oligonucle-
otide arrays that can be attached to microchips. These oligonucleotide arrays
can be designed to detect simuitaneously single- or multiple-gene polymor-
phisms (53,54). We can expect that 1n the near future, a tube of blood will
simultaneously provide mnformation on an individual’s viral load as well as
sequence-based information relating to host and virus factors. This information
will be correlated with prognosis and response profiles to tailor specific thera-
peutic treatment cocktails.

Molecular technology has only begun to enhance our understanding of the
complex interactions between viruses and their host Reliable and reproducible
HBYV DNA diagnostic assays are tools that provide an m vitro surrogate marker
for host and virus interactions. This information combined with a better under-
standing of factors affecting host and viral response will lead to individualized
treatment based on cost and effectiveness. Fundamentally, the ultimate goal of
therapy is to eliminate viral replication in the hope that this translates into a
decreased risk of extrahepatic and hepatic sequela of HBV infection. The ulti-
mate challenge is to apply sufficient resources to improve HBV diagnosis and
treatment to those in need, while implementing widespread and effective public
health programs to prevent HBV infection by vaccination.
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Molecular Diagnosis of HIV-1 by PCR

Susan A. Fiscus

1. Introduction

Most individuals can be diagnosed as being infected with HIV-1 with an
enzyme immunoassay {EIA}, which detects antibodies to the virus. Repeatedly
positive results must be confirmed, usually by Western blot. These assays have
been improved since their introduction in 1985. When used together, the EIA
and Western blot are now extremely reliable, with sensitivities of 99.5% and
specificities of 99.8% for the diagnosis of HIV-1 (I). These tests are fairly
rapid, reproducible across laboratories, well quality-controlled, relatively
nexpensive, and form the basis of the protection of the blood supply.

1.1. Diagnosis of Primary HIV Infection

However, these assays are indirect measures of a viral infection and are not
suitable for ail clinical situations, such as acute HIV infection following sexual
or parenteral exposure to HIV. Primary HIV infection ranges from asymptom-
atic seroconversion to a severe symptomatic illness resembling infectious
mononucleosis (2, 3). It takes some time (usually -3 mo} for detectable anti-
bodies to be produced, and during this seroconversion process or window
period, techniques that target the virus and not antibodies have been shown to
be more sensitive (4,5). Assays that detect p24 antigen have been used in the
past to diagnose primary HIV-1 infection, and have recently been added to the
list of assays required for blood and organ donations (8). However, these assays
lack sensitivity either because of the small amount of antigen present early in
infection or because of the complexing of antigen with antibodies once the
immune response has been initiated (7}. Disruption of the immune complexes
with acid or base has improved the sensitivity of these assays 10 some extent,
although during primary HIV infection, the procedure of immune complex
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disruption, in the absence of antibodies, may actually decrease the sensitivity
of the assay. In addition, p24 antigenemia is transient, lasting only a few weeks
prior to the formation of antibodies (8,9}, Unless the specimen 1s obtained at
the correct time, an infected individual may be negative in the p24 antigen assay.

Using specimens from a vanety of sources, such as infected health care
workers, seroconverters in high-risk cohorts, and frequent plasma donors,
Busch et al. (10,11) determined progressive stages of seroconversion and cal-
culated the length of the window period. According to these data, HIV RNA
first becomes positive approx 11 d after a person become infectious, whereas
p24 antigen and HIV DNA assays become positive approx 16 d after infec-
tiousness. In the era of “hit HIV infection early and hard” ¢72), 1t makes
sense to determine a diagnosis of HIV infection as soon as possible. Quantita-
tive HIV-1 RNA assays, however, are expensive and perhaps not necessary 1f
one merely wants to determine a diagnosis. At least two manufacturers (Orga-
non-Teknika, Durham, NC and Roche Molecular Systems, Branchburg, NJ)
currently market or will soon have available quahtative HIV-1 plasma RNA
assays for diagnosing primary HI'V-1 infection.

1.2. Diagnosis of Perinatal HIV Infection

A second situation in which molecular diagnosis of HIV mfection may be
required is 1 infants exposed perinatally to HIV-1. Only a fraction of these
infants are actually infected, although all are seropositive owing to the transpla-
cental transfer of immunoglobulins. Conventional serological assays cannot dis-
criminate between maternal and infant antibodies, and the maternal [gG can
persist for as long as 15—18 mo (13). Infected infants often have a shorter disease
course than do adults, so it is extremely important to diagnose infection in these
children as early as possible so that treatments can be 1nitiated. One must look
for evidence of the virus in these infants to determine whether the baby 1s
infected or not. Historically, HIV culture was used to diagnose these infants.
Sensitivity of HIV culture ranges from 40 to 50% in newborns, increases to 70 to
95% by age 3 mo, and after 3 mo is close to 100% (14). However, these assays
are expensive, labor-intensive, available in only a few research laboratories, and
take up to 21-28 d for the report of a negative result (15)

Commercially available molecular assays that detect HIV-1 DNA in the
peripheral blood mononuclear cells have been reported to be as sensitive as
HIV-1 culture 1n diagnosing permnatal HIV infection and are less expensive,
rapid, more suited for routine laboratories, require as little as 0,1 mL of whole
anticoagulated blood (Z6), and can even be performed on drnied blood spots
from heelsticks (77). There is some evidence that HIV-1 plasma RNA may be
even more sensitive, especially in the first weeks of life, in diagnosing perina-
tal HIV infection (18).
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1.3. Quantitative HiV-1 RNA Determination

Early attempts to quantitate the amount of HIV RNA in plasma used
in-house PCR-based assays, which, in general, were laborious and lacked
proper quality assurance and control (19-21). More reproducible and stan-
dardized results can be obtained using commercial assays. At the present
time, there are three commercially available assays that quantitate the amount
of HIV-1 RNA in a given specimen. In the Roche Monitor assay, plasma is
spiked with an internal standard prior to RNA extraction, reverse transcrip-
tion, and amplification by polymerase chain reaction. Organon-Teknika’s
NASBA assay employs three internal standards per specimen, a silica bead-
based isolation procedure, and isothermic amplification using T7 polymerase,
reverse transcriptase, and RNase H. Chiron’s branched DNA system relies
on signal amplification from a captured HiV-1 RNA as opposed to target
amplification and uses external standards. All three give generally simular
results for HIV-1 clade B {22-235). The Chiron branched DNA and Organon-
Teknika's NASBA can detect virtually all HIV-1 clades, except perhaps sub-
type O ¢26,27). At the present time, however, the Roche assay does not
recognize subtype A or subtype E well (28), probably because of primer mis-
matches (29). The commercially available kits are equally expensive for
quantitation of HIV-1 RNA in plasma., However, for the purpose of diagno-
sis, quantitation may not be necessary; one may simply want a qualitative
answer, Both Roche and Organon-Teknika are developing qualitative ver-
sions of their assays,

Plasma appears to be a better sample than serum for measuring HIV-1 RNA
(30) and acid citrate dextrose or EDTA, a better anticoagulant than hepann
(31). Guanidinium thiocyanate is usuatly used in sample preparation to inhibit
ribonucleases. Once the nucleic acid has been prepared, it can be stored at
—70°C or amplified immediately. A quality-assurance program that utilizes a
common set of standards has been established by the AIDS Clinical Trials
Group to ensure proficiency n performance of the RNA assays and to allow
comparisons of data among the three manufacturers’ Kits {22,32).

1.4. Qualitative HIV-1 DNA Amplification

Commercially available assays for the detection of HIV-1 DNA from
infected peripheral blood mononuclear cells are currently available. The Roche
Amplicor HIV-1 Test Kit employs biotinylated primers specific for HIV-1 gag
sequences and thus can be detected by a simple enzyme-linked absorbance
assay. Amplified products are incubated in the wells of a 96-well plate coated
with complementary sequences, which capture the specific gag sequences. The
biotin-labeled captured DNA sequences are detected with horseradish peroxi-
dase-labeled Streptavidin, hydrogen peroxide, and TMB.
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The Gen-Probe HIV-1 chemiluminescent assay uses a hybridization protec-
tion assay 1n which a chemiluminescent acridinium ester-labeled probe hybrid-
1zes with the amplified HIV-1 gag sequences following polymerase chain
reaction amplification. After the addition of base to the sample, the probe is
hydrolyzed and loses its luminescent property, unless it is hybridized to the
target HIV-1 DNA, The amount of probe:target heteroduplex material is pro-
poriional to the intensity of the chemiluminescent signal as measured in a
luminometer. The AIDS Clinical Trials Group has found these kits to be accu-
rate, sensitive, specific, and easy to use (34). In addition, they have the advan-
tage of being quality-controlled at every step and results from laboratory to
laboratory should be fairly standardized and comparable (35,36).

Alternatively, a laboratory can prepare its own reagents and perform PCR.
Although there have been many methods described, the one given below has
worked well and was adapted from published methods from individuals at
Roche Molecular Systems (37). Primers and probes should be selected from
highly conserved regions of the genome. A number of primer pairs and their
probes specific for certain regions of HiV-1 have been tested with clinical
spectmens from North America and Europe, and their sequences have been
published (38). Some of the primers, however, may not be as efficient in
amplifymng HIV-1 sequences from Africa or Asia (39). The primers should be
20-30 bp in length to accommodate mismatches better. The substitution of
nosine at positions of sequence ambiguity has been reported to improve detec-
tion (40). Kwok et al. reported that primers that end in a T work better in many
swuations (41).

2. Materials

1. Anticoagulated blood collected in tubes containing EDTA (lavender top) or ACD

{vellow top), not heparin (green top)

Ficoll-Hypaque solution

Isotonic phosphate-buffered saline (PBS), containing 1% zap-oglobin.

Solution A: 100 mAf KCl, 10 mAd Tris-HCI, pH 8.3.

Solution B; 10 mAM Tris-HCI, pH 8.3, 1% Tween 20, 1% Nonidet P-40. Just before

use, add proteinase K to a final concentration of 0.02%.

PCR master mux: 10 uL of 10X Tag buffer (500 mM KCI, 100 mAf Tris-HCI,

pH 8.3, 10 pL of 25 mM MgCl,, 2 pL each of 10 mM dATP, JUTP, dCTP, and

dGTP, 2 uL of uracil-N-glycosylase (UNG) (2 U), 1 pL of upstream primer 1

(50 pmol), 1 pL of downstream primer 2 (50 pmol), 0.5 uL of Tag polymerase

(2.5U), 17.5 pL glass distilled water. Prepare this just before use.

7 Probe mux: 4 pl of 60 mM NaCl, 1 pL of 40 mM EDTA (pH 8.0), 0.2 pmol of
32p.end-labeled probe (end-labeled with [**P]ATP [6000 mCy/mmol] to an SA of
1.5-3 pCr/pmol with polynucleotide kinase (39), glass-distilled water to 19 pl.

8. Positive HIV-1 control.

=
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9. Negative controls,
10. 40% Acrylamide-bis-acrylamide (19:1) (42).
11. TEMED.
12 10% Ammonium persulfate.
13. Bromophenol blue-xylene cyanol running dye.
14 Chioroform.
15. 2-mL sterile screw-cap tubes.
i6. Bench-top swinging bucket—centrifuge at 800g for Ficoll-Hypaque separation.
17 Microfuge.
18. Repeater pipet (optional).
19. Micropipets, adjustable volumes 1-1000 pL.
20. Thermal cycler
21 Heat block/water bath.
22, Polyacrylamide gel electrophoresis apparatus with power supply.
23. XARS50 film for autoradiography.

3. Methods

Follow universal precautions, and treat alf specimens as though they contain
HIV or HBV. Wear appropriate protective gear, including lab coat, mask,
gloves, and safety glasses. Avoid the use of sharp objects. Remove lab coat,
and wash hands when leaving the lab (see Note 1).

3.1. Sample Preparation for Leukocytes

I. Perform Ficoll-Hypaque separation of mononuclear cells as described (34,43).
Wash the cells twice 1n PBS, and count the cells. Place approx 2-5 x 10% cells in
a microfuge tube, microfuge for 3 mun, and carefully aspirate the supernatant.

2. Resuspend the pellet in 0 4 mL to solution A, and mix well.

3. Add an equal volume of solution B to which protemase K has yust been added
Vortex to resuspend the peliet.

4, Incubate cells at 60°C for 1 h.

5 Inactivate the proteinase K by heating at 95°C for 10 mun.

6. Cool to room temperature and refrigerate,

3.2. Sample Preparation from Whole Blood

Alternatively, whole blood can be used without separating the leukocytes
first. In this method, 0.5 mL (0.1 mL for infants <18 mo of age) of well-mixed
whole blood (collected in EDTA or ACD tubes) is placed in a 2.0-mL
microfuge tube. Add 1 mL of isotonic PBS to which 1% zap-Oglobin has been
added. Cap the tube and mix well. Incubate for 5 min at room temperature,
Invert tubes 10—15 times to mix, and incubate an additional 10—15 mm at room
temperature, Microfuge the tubes at maximum speed for 3 min. Remove the
supernatant carefully without disturbing the pellet. Add 1 mL of the PBS plus
zap-Oglobin, cap, vortex , and microfuge for 3 min, Repeat the wash step one
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more time. Carefully aspirate the supernatant. The dry cell pellet can be
extracted immediately or frozen at —70°C. The nvestigator should then pro-
ceed with steps 2-6 of the sample preparation procedure (Subheading 3.1.).

3.3. DNA Amplification

1 If0.5-mL microcentrifuge tubes are used, dispense 50 pL of mineral oil in each
tube. Mineral o1l is not required for GeneAmp 9600 thermal cyclers

2 Prepare the PCR master mix for the number of samples to be amplified, pius at

least two more (one positive and one negattve control).

With a repeater pipet, dispense 50 pL of master mix to each tube.

4  With a positive displacement pipet or pipet with an ART (aerosol resistant tip),

add 50 uL of sample DNA, or add the sample and qs to 50 pL with glass-dis-

titled water

Cap each tube after the addition of sample before proceeding to the next tube.

Microfuge the tubes for 2 s

7. Place the tubes in the thermal cycler, and cycle as follows. 96-well thermocycler—
1 cycle at 50°C for 2 mun, 5 cycles at 95°C for 10 s, 55°C for 10 s, and 72°C for
10's; 30 cycles at 90°C for 10 5, 60°C for 10 s, and 72°C for 10 s; 1 cycle at 72°C
soak. For the GeneAmp 480 or equivalent—1 cycle at 30°C for 2 miun; 35 cycles
at 95°C for 1 mn, 55°C for 30 s, and 72°C for 1 mm, [ cycle at 72°C soak.

8 Remove the samples from the thermal cycler. To prevent reactivation of UNG,
analyze the samples immediately or freeze them at—20°C until analysis

3.4. Detection of Amplified Products by Oligomer Hybridization

Add 50 uL of mineral o1l to 0.5-mL microcentrifuge tubes.

Add 10 pL of probe mix

Add 30 pL of amplified DNA

Mix and microcentrifuge.

Denature the DNA at 95°C for 5 min

Allow the probe and target sequences to anneal by incubating the tubes at 55°C

for 15 m,

Add 10 uL bromophenol-blue-xylene cyanol dye mix to each tube.

Extract the mineral oil with 100 pL chloroform The dye and sample will migrate

to the top.

9 Load 25 pl. of the sample onto a 10% polyacrylamide minigel (42).

{0 Run in 1X TBE buffer at 180 V until the bromophenol blue dye approaches the
bottom of the gel.

11. Cut the unhybridized probe from the gel by slicing just below the xylene cyanol
front Dispose of the bettom gel strip 1n a radioactive waste container.

12. Blot the gel with tissue to remove excess moisture. Wrap the gel in plastic,
and expose to XAR 50 film with an intensifying screen for 2 h to overnight
at--70°C

13. Develop the autoradiograph. The presence of the probe—target duplex is indica-

tive of HIV infection {(see Note 2).
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3.5. interpretation of Resulls

To be confident of the results, duplicate amplifications should be performed
on duplicate extractions. Discordant results might be owing to low target copy
number, sample mix-up, or contamination. Statistically a sample must contain
at least five copies of HIV template to have a 99% chance of being reproduc-
tbly defected. Reactions containing fewer than five copies on average may
appear irreproducible. Sample mix-up can be resolved by amplifying a poly-
morphic region of HLA-DQu and detecting different alleles by using type-
specific probes (44).

Contamnation is greatly reduced with the inclusion of dUPT-UNG. How-
ever, care must still be taken as with any PCR assay to separate the pre- and
postamplification steps physically and to change gloves often when working
with the specimens. Chnical negatives, reagent, and low positive controls must
be included with each amplification to ensure the validity of the assay.

4. Notes

I The greatest probiem with amplification assays 1 the clinical laboratory is false-
positive reactions that result from contamination. Because of the exquisite sensi-
tivity of the amphfication techniques, the inadvertent transfer of a tiny amount of
target nucleic acid 1nto a nerghboring tube can lead to a false-positive, and thus,
an incorrect diagnosis. Meticulous care must be taken to avoid contamination
Specific steps that should be used have been described 1n detail elsewhere
(45—48}. For nstance, amplification reactions should be set up in rooms sepa-
rated from sample preparation and postamplification testing Dedicated supplies,
reagents, and pipets should be provided for procedures before or after PCR
amplification and never to be used interchangeably. Reagents should be aliquoted
and used only once. Positive displacement pipets or acrosol-resistant pipet tips
should be used. Aerosols should be carefully avoided and gloves changed fre-
quently The substitution of dUTP for dTTP in the amplification procedure and
the use of UNG greatly reduces the risk of crosscontamination.

2 Multiple bands are sometimes observed in the hybridization assay. These bands
are artifacts and may be more prevalent with high copy number input samples.
No bands should be observed im the umnfected samples or negative controls, If a
specimen has no or little detectable DNA, it may be because of the selection of
unsuitable primers.
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Genotyping of Neisseria gonorrhoeae
by Pulse Field Gel Electrophoresis and PCR

lan Maclean

1. Introduction

Auxotyping {growth of cells on chemically defined media) and serotyping
(reaction of cells with a defined set of monoclonal antibodies [MAbs)) are the
traditional and most widely used methods for the classification of Neisseria
gonorrhoeae 1solates. As an example, Knapp et al. (1) used the combination
of these two typing techmques to study the epidemiology of 489 isolates of
N. gonorrhoeae collected over a 3-mo time period. Separately, 11 different
auxotypes and 19 different serotypes were found, but when combined, a total
of 57 auxotype/serotype classes were identified. Although this system was and
still is very useful for epidemrological studies, some laboratories felt more com-
fortable using molecular techniques to classify their gonococcal isolates.

The first of the molecular techmques was the use of restriction enzymes to
cut the chromosomal DNA to generate a genomic fingerprint (2). The gono-
coccal DNA was digested with the restriction enzyme HindIll and the DNA
fragments separated on a 4% polyacrylamide gel, stamned with ethidium bro-
mude, photographed, and the banding patterns from vatious isolates compared
visually. In this study, sexual contact pairs all had the same genomic finger-
print. A different study of 26 1solates by restriction enzyme fingerprinting
proved useful, since it was able to differentiate a number of isolates that had
the same auxotype/serotype classification (3). Modifications of the procedure
included using different restriction enzymes (Hinfl and Bg/II) to cut the DNA
(4) and a laser densitometer to scan the photographs to differentiate between
20 and 30 DNA bands (4,3).

The very success of the restriction digests creates so many bands that even
with a laser scanner, analysis can be difficult. For this reason, the use of TRNA
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probes to generate restriction fragment-length polymorphism (RFLP) patterns
was used next to differentiate gonococcal isolates (6). In this technique, the
chromosomal DNA was again cut by restriction digestion, the fragments sepa-
rated by gel electrophoresis, but then they were transferred to membrane filters
and probed with labeled 16s and 23s rRNA genes, hence the term ribotyping,
The digests produced 8—12 bands that hybridized with the rRNA gene probes
and allowed the 1solates studied to be divided into 9 groups. Some 1solates of
the same serotype had different RFLP patterns, but the best differentiation of
the 1solates still needed a combination of ribotyping and serotyping.

The use of ribotyping for differentiation of N gonorriveae was quickly
forgotten, since 1t was no more useful than generalized resiriction enzyme
digests, and the technique of pulsed-field gel electrophoresis (PFGE) was com-
ing mto general use (7). This procedure again involves the restriction enzyme
digestion of chromosomal DNA, but uses an enzyme that cuts the DNA
infrequently. This generates a small number of high-mol-wt DNA fragments
(30450 kb), which are resolved under specific electrophoretic condifions.
When used to differentiate 48 gonococcal 1solates that were from 18 auxo-
type/serotype groups, 40 different restriction patterns were identified using the
enzyme Nkel (8) The DNA fragment patterns were stable for the same 1solate
over a number of subcultures and were reproducible from gel to gel. L1 and
Dillon {9} showed that PFGE allowed greater differentiation of isolates than
ribotyping and restriction enzyme analysis.

These reports have all used the molecular technigues to examne isolates
that are eprdemiologically unrelated. Poh et al. (78) used PFGE with the
restriction enzymes Spel and Bg!ll to show that there were 7 subtypes within a
group of 19 serovar 1B2 N gonorrhoeae isolates from an outbreak in Sydney,
Australia. Sexual contact pairs were not identified, so there was no way to link
1dentical and closely related patterns. Hesse et al. ¢11) and Xia et al. (72) have
shown that confirmed sexual contacts had identical PFGE patterns, suggesting
that this method would be useful for epidemiological analysis of N gororrhoeae
outbreaks.

The polymerase chain reaction (PCR) has added a new too! for the molecu-
lar typing of N. gonorrhoeae. This technique allows a specific gene to be tar-
geted and amplified. The PCR product can then be digested with a variety of
restriction enzymes, and an RFLP pattern can be generated. The pattern is not
as complex as when the whole chromosome is digested and probes are used, so
1t is much easier to interpret. The two main gene targets from N gonorrhoeae
have been the por and opa genes. The por gene codes for the Por (PI) protein,
and the opa gene codes for the Opa (Opacity or PII) protein, Both proteins are
components of the outer membrane of N, gonorrhoeae.
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The por gene is a single-copy gene in the gonococcal chromosome and
would naturaily be expected to have variability, since it codes for the Por pro-
tein on which the serotyping system is based. Using a number of different
restriction enzymes {(Sacl, Haell, Hhal, Hpall, Alul), the Por RFLP patterns
can separate isolates into a large number of groups, but no better than
serotyping alone (13). This system was helpful in identifying some isolates of
the same serotype that had different Por RFLP patterns. Generating RFLP
patterns from PCR products seems to be the most useful when the opa gene is
targeted {14). Every gonococcal isolate has 11 different opa genes, which have
both conserved and variable domains. Recombination within this region
between the same and different isolates (intragenic and intergenic, respectively)
has the potential to generate a large number RFLP patterns when the DNA is
restricted. This technique was used to track sexual contact pairs, and it was
found that almost 100% of the paired isolates had the same Opa RFLP pattern,
Unrelated isolates with the same auxotype, serotype, and Por RFLP pattern
had different Opa RFLP patterns, suggesting that this system may be the best
for following local outbreaks (14). The authors were unable to estimate at what
pomt along the sexual contact chain the Opa RFLP pattern might change. This
system has too much variation to examine large groups of isolates collected
over an extended period of time, but has the ability to focus in on isolates that
are potentially connected via sexual networks over short tithe frames.

Two other methods for typing N. gonorrhoeae using PCR have been described.
Neitther appears to be of much value in its ability to different:ate strains beyond
the auxotype/serotype system. The first is the technique of generating DNA
fragments using single primers of an arbitrary nucleotide sequence (15). The
procedure was not consistent from run to run with nonreproducible bands being
produced, and some isolates with the same DNA profile had different pheno-
typic characteristics. The second method is a process called whole-cell repeti-
tive element sequence-based PCR, which uses universal repetitive element
sequence primers (16) to generate a DNA banding pattern. Although this tech-
nique allowed the subgrouping of same auxotype/serotype isolates, it did not
have the discriminatory power of PFGE. It also had problems with reproduc-
ibility with the intensity of some bands. Although this might seem insignifi-
cant, the presence or absence of a particular band coutd define a new subgroup.

For the purposes of this chapter, the procedures of PFGE and Por/Opa typ-
g will be discussed further as the most reliable and able te provide the infor-
mation required.

2. Materials

Suitable specimens for all procedures are gonococcal cultures that have been
cloned from a single colony (see Notes 1-3).
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2.1. PFGE

I. Cell lysis buffer (buffer A): 0.25 M EDTA, pH 9.0, 0.50% sodwm lauryl sar-
cosine (Sarcosyl), 0.50 mg/mL proteinase K (see Note 4).

2. Tos/EDTA (TE buffer): 10 mM Tris-HC, pH 7.5, | mM EDTA

TBE buffer (agarose-gel buffer): 100 mM Tris, pH 8.5, 100 mM boric acid,

2 mM EDTA

5.5)

2.2. Por/Opa Gene Ampilification/RFLP Analysis

1. Cell lysis buifer (buffer B): 10 mdM Tris-HCI, pH 8.0, 0.1% Triton-X100, 0 05 mg/mL
proteinase K.

2. 10X reaction buffer (buffer C): 100 mAM Tns-HCI, pH 8.3, 500 mM KClI,
15 mM MgCl,.

3. por gene primers (50 pM):
Upstream—5'-CAATGAAAAAATCCCTGATTG-3'
Downstream—3-TTTGCAGATTAGAATTTGTGG-3'

4 opa gene primers (50 pAM)
Upstream—S5'-GCGATTATTTCAGAAACATCCG-3'
Downstream—5"-GCTTCGTGGGTTTTGAAGCG-3

5. Deoxynucleoside triphosphate solution- Each dNTP 1s at 2.5 mM ina 12 5X stock

solution.
6 Gene amplification reaction mix:
DNA 2 uL (lysed cells)
dNTPs 8 uL (final concentration 0 2 mM)
10X buffer 10 pL (buffer C)
Upstream primer | uL {final concentration 0.5 pM)
Downstream primer 1 UL (final concentration 0.5 uM)
Tag polymerase 0suL2.5WU)
dH,0 77.5 uL
7. Restriction enzyme analysis of por/opa gene products
Gene product 2L
10X restriction enzyme buffer 2 uL (supplied by manufacturer)
Restriction enzyme 0.5 pL {(see Note 6)
dH,0 15.5 pL

Most enzymes are incubated at 37°C, but Tag restriction enzyme 1s incubated
at 65°C with an oil overlay. Stop both reactions by adding 4 pL. of DNA track-
ing dye.

2.3. Equipment

1 Thermal cycler.

2 Agarose/polyacrylamide gel electrophoresis apparatus

3. Contour-clamped homogeneous electric fietd (CHEF DR III) apparatus (Bio-Rad,
Hercules, CA)

4, UV transillominator
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3.

\© 90 =1 o

Photography equipment and supphes.

Laser scanner (optional).

Microfuge

Micropipets, adjustable volumes 0.5-1000 pL
Heat block/water bath.

Methods

3.1. Pulsed-Field Gel Electrophoresis (PFGE)

L.

2.

o

10

Grow up cells overnight, wash in TE buffer, and adjust to about 10° CFU/mL
(see Notes 2 and 3).

Add equal volumes of cell suspension and 2% low-melting sgarose, and pour
into mold.

Transfer agarose plugs into lysis buffer A, and incubate at 55°C for 48 h.

Wash agarose plugs three times with 15 mL TE buffer to remove proteinase K
(see Note 7).

Equilibrate agarose plug in Spel restriction enzyme (RE) buffer for 60 min

Add 150 uL of fresh RE buffer with 10 U of enzyme, and incubate at 37°C for 16 h.
Wash the agarose plug with 10 mL TE buffer, load it into a well of 1% agarose
gel, and seal with 1% agarose,

Electrophoresis 1s done in the CHEF apparatus at 12°C in 0.5X TBE buffer at a
constant voltage of 200 V with ramped pulse time (switch time) of 1-15 s for the
first 8 h and then 15-25 s for the next 16 h, using various molecular-size markers
to facilitate comparisons between gels. This procedure will allow good separa-
tion of DNA fragments between 25 and 500 kb (see Notes 8§ and 9).

Following electrophoresis, stain the gel in an ethidium bromide (EtBr) solution,
visualize, and photograph using a UV transillumenator

Fragment patterns can be compared visually, but it 1s recommended that a scan-
ner or densitometer be used to analyze and catalog the gel patterns (see Note 10).

3.2. por/opa Gene Amplification

o W —

Make a 107 CFU/mL suspension of cells mn buffer B.
Incubate for 90 min at 55°C and then boil for 5 min
This whole-cell DNA stock solution can be stored at 4°C or frozen for future use.
The gene-amplification reaction mixes are set up as listed in Subheading 2.2.
Por gene amplification cycling conditions are set up as follows:
95°C 30s
47°C 30s
72°C 90s
for 25 cycles, and then at 72°C for 7 min.
Opa gene amplification cycling conditions are as follows:

95°C 30s
65°C 30s
72°C 30s

for 25 cycles, and then at 72°C for 7 min.
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3.3. Analysis of the Gene-Amplification Products

1 For both Por and Opa, 3 pL of the amplification product can be run on a
1.5% agarose gel to look for a DNA fragment of 1075 bp (PorA strain), 1150 bp
(PorB strain), and 550 bp for the opa gene (see Note 11).

2. PorA genes are cut with the restriction enzymes Sacl, Hpall, and Hhal (each
separately) and the fragments run on a 1.5% agarose gel for Sacl and a 10% poly-
acrylamide gel for Hpgll and Hhal (see Note 11)

3. The Sacl restriction site may or may not be present 1n the PorA genes
{a 900-bp fragment results if it 1s present), and the Hpall enzyme generates
fragments from 100 to 600 bp and the Hhal enzyme from 250 to 800 bp

4 PorB genes are cut with Haell, 4/ul, and Hhal (each separately) and the resulting
fragments run on a 1 5% agarose gel for Haell and Alul and a 10% polyacryla-
mide gel for Hhal

5 The Haell restriction sites may or may not be present 1n the PorB gene, but when
present, DNA fragments of between 100 and 1000 bp are produced. In the case of
Alul, the presence or absence of the A7l site 1s what 1s important, whereas with
Hhal, a number of fragments ranging in size from 100 to 1000 bp are produced

6. Opa genes are cut with Taql restriction enzyme, and the fragments separated
on a 12% polyacrylamude gel. The fragments range 1n size from 100 to 550 bp
{see Notes 12—14),

3.4. Discussion

The overall objective of these technigues is to put unknown strains into spe-
cific groups. The easiest way to approach the resulting DNA patterns from
PFGE is to give each different banding pattern an arbitrary genotype number
and start to build up a database of different patterns and genotypes. Strains
isolated over long time periods and different geographical areas will most likely
have different PFGE patterns. Strains isolated from a local outbreak or known
sexual contacts should have the same PFGE pattern. The high cost of the PFGE
system dictates that it should be used 1n a laboratory with a heavy demand for
genotyping not just for N gonorrhoeae, but with other organisms as well.

The por/opa genotyping method has the potential to offer more relevant
information, because two specific genes have been targeted and not the
entire chromosome, as with PFGE. The por genotyping follows the serotyping
quite closely as might be expected, since both systems look at the same
gene/gene product. Each restriction enzyme will have a specific banding pat-
tern, which can be given a letter designation, and the combination of these
designations for the three enzymes determines the genotype. Again, just as
with the PFGE patterns, a database must be built up to see how many different
patterns and genotypes are present in the strains of interest. The por genotyping
system will not identify as many different genotypes as PFGE when looking at
large group of isolates. However, the opa gene RFLP will allow the break-
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down of Por genotypes into smaller groups. The opa typing can be used to
follow local outbreaks and sexual contacts as effectively as PFGE. Since most
laboratories now use a thermocycler, the por/opa genotyping system 1§ prob-
ably more cost-effective than the PFGE procedure.

4. Notes

1.

2.

Tl

12

i3

14

To 1dentify 1f any problems exist, the same specimen should be run a number of
times going through the entire procedure to make sure everything is consistent.
If the DNA bands ate hard to see, then the mtial cell concentration should be
increased

[f the DNA bands are very bright and overlap each other, then the cell concentra-
tion should be decreased

If thete is a lot of smearing of the DNA, there could be incomplete protein diges-
tion, so more proteinase K needs to be added or put in fewer numbers of cells
Smearing of the DNA could also be because of mechanical sheaning owing to
excessive handling or manipulation

If the banding pattern is not reproducible from run to run with the same strain, 1t
is most hikely because of mcomplete digestion with the restniction enzymes, in
which case more enzyme can be added.

The restriction enzyme present could be being degraded by residual proteinase
K, in which case the agarose plug needs to be washed more extensively

The switch trme 1s what controls the resolution of the DNA fragments

Longer switch times will resolve the larger DNA fragments.

A recommended general reference for pulsed field is the guide by Birren and
Lai (17)

If the gene amplification does not produce a product or only a small amount, lyse
some new cells to make sure the whole-cell DNA is of good quality.
Inconsistent banding patterns for the same strain 1s probably owing to incomplete
restriction enzyme digestion

In this case, cut back on the amount of DNA, and check that the proper buffers
are being used.

Do not be alarmed with the opa amplification when multiple bands show up,
because potentially 11 opa genes of different sizes are being amplified from a
single strain
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Genotyping Chlamydia trachomatis by PCR

Deborah Dean

1. Introduction

Strain identification of Chlamydia trachomatis has historically been accom-
plished using serotyping as a phenotypic marker to differentiate chlamydial
isolates (I). The target for serotyping is the major outer membrane protein
(MOMP) which is the most antigenically diverse and abundant surface protein
of the organism. Polyclonal antibodies (PAbs) were initially used for typing
and were abie to identify serovars D through K and L1, L2, and L3 as primarily
genital pathogens, and serovars A, B, Ba, and C as trachoma pathogens. How-
ever, these groupings are somewhat imprecise, As immunotyping methods
evolved, MOMP-specific monoclonal antibodies {(MAbs) were produced that
were able to detect additional serovars of the organism (2,3). These include
Da, Ia, and L2a ¢2). MAbs recognize serovar-, subspecies-, and species-spe-
cific epitopes (4, 5) that reflect many of the amino acid variations found among
the 18 known serovars of C. trachomatis, and are located within three of the
four variabie sequence regions of MOMP, termed variable segments (VS} 1, 2,
3, and 4. Sequence analysis of the MOMP gene (omp/} supports these findings
in that VS 1, 2, and 4, in contrast to VS 3, contain the greatest degree of nucle-
otide sequence variation (6,7).

Immunotyping has enhanced epidemiologic studies of C. trachomatis by
revealing, for example, an association between specific serovars and proctitis
in homosexual males (8), and an association of recurrent chlamydial infection
with the same serovars and concurrent gonorrhea infection (9). Refined tech-
niques such as the microtiter plate method have improved the number of low
passage isolates that can now be serotyped (16). Yet, this method still necessi-
tates relatively large numbers of viable organisms to reach the detection limit
for the MAbs, requires expensive MAbs that have not been standardized across
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different laboratories, and 1s labor intensive. Further, we now know that
immunotyping does not reflect the same degree of variation found at the gene
and protein level of this organism (11—13). The time and expense required for
producing a specific MADb for each 1solate suspected of representing a new
serovariant is not an acceptable approach to resolving this issue (14). Because
of these hmitations, investigators have pursued alternative methods for typing
chlamydial organisms.

An important prelude to current day typing of C trachomatis, referred to as
ompl genotyping, involved cell culture propagation of the strain of iterest,
extraction of chlamydial RNA from the cells, reverse transcription of the
mRNA, and manual sequencing of cDNA by the dideoxynucleotide chain ter-
mination method (135) using *2P (7). Although this method was employed more
as a technique for sequencing the VS of omp! for each of the known serovars
than as a typing method, 1t provided an accurate means for exploring omp!
variability and the proteins encoded by each gene. Yet, the technical require-
ments involved 1n this method limited 1ts usefulness as a large scale typing
method. Thus, investigators focused on techniques that would 1dentify specific
nucleotide mutations or sequence differences between prototype and unknown
types using other molecular techniques. These approaches were greatly facili-
tated by the discovery of the polymerase chain reaction (PCR) technique which
facilhitated the preparation and screening of DNA tempiates.

Restriction fragment length polymorphism (RFLP) analysis 1s one of the
techniques that was developed. It is based on amplification of omp! by PCR
and restriction enzyme digest of the product. The digested products are then
run on an agarose gel and stained with ethudium bromide. RFLP is capable of
differentiating the three species of Chlamydia and the 18 known serovars of
C. trachomatis (16—23). Four restriction enzymes are required to differentiate
1solates to the same degree as immunotyping, yet, subtypes can be detected
with additional enzymes. The man limitation of thhs method 1s that only those
nucleotide changes that occur at restrictions sites can be identified. For known
mutations, however, this technique 1s 1deal.

A newer spin on RFLP 1s mutation-enriched PCR. Here, mismatched primer
paurs are used to generate a restriction enzyme recognition site only m the pro-
totype strain. After the PCR product is digested, reamplification with the same
primers results in a DNA fragment for the variant sequence alone as the proto-
type sequence no longer exists (24). However, this method can not pin point the
location of the mutation(s). Few other techmiques that employ gene mutation
or variant analysis as a typing technique have been applied to C. trachomatis.
Random amplification of polymorphic DNA (RAPD) has recently been used
to differentiate chlamydial strains ¢25). This test 1s based on omp! amplifica-
tion with four 10-mer primers instead of two as for RFLP. The PCR products
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are resolved on an agarose gel stained with ethidium bromide. But, the speci-
ficity of this technique is low and certain serotypes can not be differentiated
from one another by this method.

Denaturing gradient gel electrophoresis (DGGE) is another technique that
has been applied to C. trachomatis for detecting mutations (26). PCR is used to
amplify the VS of omp/. These amplified DNA products are then loaded on a
gel with a gradient of increasing concentration of denaturant on the vertical
axis of the gel. Specific migration patterns are observed for each serovar group
(i.e., F, E, or D) owing to melting of the fragment that occurs in segments
(melting domains), and formation of branched fragments that retards the move-
ment of the double-stranded DNA in the gel. Although some omp! genotype
variants within a serovar group can be cbserved by migration patterns that are
distinct from the reference strain, the problem remains that many variants with
few nucleotide sequence changes (yet with biologically important amino acid
substitutions) may be missed by this technique. One method to overcome this
limitation is to use a GC-clamp (27). However, this requires the synthesis of
longer primers and special equipment that may make this prohibitively expense
especially for small laboratories.

Arbitrary primer PCR (AP-PCR) has also been used to differentiate chlamy-
dial strain types (16). This 18 a DNA fingerprinting technique that utilizes short
primers with arbitrary sequences that can amplify many sites in the genome of
interest (28). A lower annealing temperature is used to decrease the stringency
of the reaction, which allows for simultaneous elongation of different seg-
ments of template DNA by the same primer. The products are then electro-
phoresed on denaturing polyacrylamide gels. Length polymorphisms that occur
in many different sites can be determined by the presence or absence of the
appropriate band at the appropriate location in the gel. This technique is best
used in a two-allele system where a visible band or lack of one clearly distin-
guishes the sequences. Thus, the analysis of the results can be more difficult
when examining multiple loci mutations as in the case of omp!, unless the
focus is on a single serovar group. Further, nonspecific fingerprinting patterns
that do not involve omp! can result as the entire genome i8 subjected to arbi-
trary priming,

Unfortunately, all of the above methods have similar disadvantages in that
unknown sequences can only be compared against reference strains and, if they
differ, there is no information on the precise locations and number or type of
nucleotide changes within the gene segment under analysis. Most importantly,
they offer no data on the encoded genetic information,

Some newer technologies hold promise for providing data on the specific
location of the mutations for a given region of a given gene, such as omp].
These have not yet been applied to chlamydia. One of these techniques utilizes
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computer chip technology where different sequences (up to 100,000) can be
precisely placed on a “genotyping chip” (29). The DNA sample of interest is
then hybridized to the chip. By observing where on the chip the DNA binds,
the nuclectide mismatches can be detected and are called ‘single nucleotide
polymorphisms’ (SPNs). The exact location of each mismatch can presumably
be determined. This 1s an exciting step in identifying sequence heterogeneity.
However, this approach will need to be assessed by comparison with known
prototypes and variant sequences, for sensitivity and specificity, and for cost
per sample.

As PCR has facilitated the preparation of DNA templates, this has led to
enhanced capabilities for sequencing. Many protocols have now been devel-
oped for sequencing PCR products. Thus, sequencing has become a gold stan-
dard for the identification of mutations on the genome level as a precise
nucleotide sequence can be determined, the reading frame can be established,
and the amino acid sequence can be deduced. This has contributed greatly to
many aspects of molecular biology and has enhanced diagnostic approaches to
genetic disorders. These technologtes have been adapted to strain typing for
C. trachomatis, which 1s now refeired to as omp/ genotyping. There are two
common approaches for sequencing PCR products for omp! genotyping which
are described in this text: 1) Manual sequencing of single-stranded DNA from
asymmetric PCR or from a cloned PCR product; and 2} Molecular cloning of
the PCR product prior to automated sequencing or direct automated sequenc-
mg of dsSDNA PCR product. Both offer the maximum amount of information
and are sufficiently straight forward to perform. This makes them highly com-
petitive compared with the above mentioned nonsequencing technigues. Fur-
ther, with improvements in automated sequencing technology including the
capabilities for reading 800—900 base pairs (bp) 1n a single run, it is now pos-
sible to generate high throughput data which has made ompI genotyping fea-
stble. The only disadvantage is that most laboratories can not afford the
equipment for automated sequencing which means that core laboratory facili-
ties are still required.

ompl genotyping evolved out of a perceived need to know whether the gene
varied significantly within trachoma serovars. This was important as usually
only one or two serovars would predominate in a given geographic region
which made tracking the organism difficult for epidemiologic or transmission
studies. Initially, allelic polymorphisms were 1dentified among B/Ba samples
from individuals residing in an endemic region of Tunisia (36). Multiple vari-
ants of trachoma serovars A and B were also 1dentified in The Gambia (31).
ompl genotyping was subsequently applied to sexually transmitted strains of
C. trachomatis where considerable variation has also been observed (32,33).
In a recent study, 36 (66%) cervical and endometrial serovars were found to be
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ompl variants (12) where variant F genotypes were found to be significantly
associated with upper genital tract infection, symptomatology, and histopa-
thology whereas E genotypes were found among women with mild, asymp-
tomatic, and mainly lower genital tract infections (12). One of the most recent
applications of ompl genotyping has been to sequence constant regions of the
gene. This approach has been able to distinguish isolates from ocular versus
genital tissue that represent the same serovar (34).

Thus, omp! genotyping has identified considerable variation within the gene
for both ocular and genital specimens (11,12, 36-36). Many isolates, even
within serovars, can now be individually identified by their unique “nucleotide
signature.” Further, some newly discovered genotypes encode for surface anti-
gens that are immunologically distinct from the related prototype serovar
(2,11,13). However, it is tmportant to keep in mind that newly discovered geno-
types may actually represent genotypes that have been circulating in a particu-
lar community for a while and were not identified until now because we lacked

the appropriate technology.

2. Materials
2.1. Sample Preparation

L. Proteinase K is recommended for samples that have a high protein content. The
enzyme 15 added to a solution containing Non-idet P-40 (NP-40) and Tween-20,
which elininates the need for SDS which can affect the efficiency of PCR
fsee below). The subsequent DNA purification step requires ultra pure
phenol:chloroform‘1soamyl alcohol in a ratio of 25:24:1, weight per volume 95%
ethanol is required for precipitation of the DNA (Subheading 2.2,), The DNA
pellet can be resuspended in TE or double distilled water that is free of DNase

2. Phosphate-buffered saline (PBS) or 0.09% normal saline is used for washing speci-
men pellets prior to resuspension in TE when no prior digestion step is required.

2.2. PCR

1. DNA polymerase s required to catalyze primer extension in the PCR. Both native
enzyme that has been purified from the bactena Thermus agquaticus and geoeti-
cally engineered enzymes are available. There are many commercial polymerases
on the market. One or two units of polymerase are required to catalyze the reac-
tion. Excess polymerase may result in nonspecific amplification products

2. A standard buffer for PCR mcludes 50 mM KCl, 10 md Tris-HCI (pH 8 3 at
room temperature) and 1.5 mM of MgCl, ¢37). Since specimens can contatn sub-
stances that chelate the Mg?*, for example, EDTA and phosphates, the Mg?* con-
centration often requires adjustment anywhere from 0.05 to 5 mM. Thus, 1t 1s
advisable to resuspend template DNA in TE that contains 10 mM Tris-HCI
{pH 7.6), 0.1 mM EDTA (pH 8.0). The MgZ* concentration may also require
modification when new primers or different concentrations of dNTPs are used.
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3. Deoxynucleotide triphosphates are required for enzyme extension and are used mna
final concentration of 200 pM for each. Commercially available dNTPs require H
adjustment to 7.1 to prevent the reaction from dropping below pH 7.1 (37},

4. Oligonucleotude primers imtiate the enzymatic extension of the template The
optimal concentration of pnimers 1s 1 pM which is sufficient for approx 30 cycles.
Higher concentrations can result 1n nonspecific binding to the template and
extranecus amplification products. Lower concentrations of primer can sigmfi-
cantly alter the efficiency of the reaction.

2.3. Purification of Chlamydial DNA

In order to purify amplified chlamydial DNA from agarose gels, a 6 M sodium
iodide solution is used for extracting the DNA from the gel. The DNA that s
released is absorbed onto a silica matrix and washed. TE or deionized water 1s
required for eluting the DNA from the silica.

2.4. Sequencing

1 Manual sequencing: Radioactively labeled nucleotides with **S or 32P can be
purchased commercially for use in the sequencing reaction. There are a number
of commercial kits on the market that provide the required deoxy- and dideoxy-
nucleotides, buffers, and stop solution for the reaction Alternatively, nonisotopic
sequencing can be performed

2 Automated sequencing' Dye-labeled oligonucleotides are required for auto-
mated sequencing using fluorescent laser detection. These primers can be pur-
chased from commercial vendors or synthesized independently For the cycle
sequencing reaction, d/ddNTPs, buffer (400 mM Tris-HCI [pH 9.0], 100 mM
ammonium sulfate, and 25 mdM MgCl,), purified DNA template, and DNA
polymerase are utilized to incorporate the labeled primers into the double
stranded DNA.

2.5, Solutions

1. Chlamydia transport media (2-SP)
2. TE: 10 mM Tris-HCI (pH 7 6}, 0.1 mM EDTA (pH 8.0).
3. DTT- 40 mM
4. Lysis buffer: 50 mM Tris-HCI (pH 8.3), 1 pg/pl. protemnase K, 0 45% NP-40,
0.45% Tween-20 in deiomzed water.
5. DNA extraction: phenol/chloroform/isoamyl alcchol (ratio of 25:24-2) (v/v)
6. Ethanecl 95% or 70% as required.
7. NH4AC: 7.5 M.
8. Urine lysis solution: 0.32 M sucrose, 10 mM Tris-HCl (pH 8.0), 2.0 mM MgCl,,
1% Triton X-100, 1 mM CaCl,, 0.02 U of micrococcal nuclease.
9 EGTA: 50 mM.
10 10X PCR buffer 500 mM KCl, 100 mdf Tris-HCI (pH 8.3 at room temperature),

and 25 mAf of MgCl,.
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11

12

13

14,

15
16

17

18
19

20
21
22

23.

24.
23.
26.
27,

PCR reaction: 10 pL. of 10X PCR buffer; 2 uL of dNTP stock; 1 uL of each
primer (1 pM stock); 1-2 pL of template DNA (from prepared sampie); 1 pL poly-
merase (1-2 U); and deionized water to make up a final volume 100 pl.
Primers that flank VS1, 2, 3, and 4

FH 5 ACCACTTGGTGTGACGCTATCAG

BII 5' CGGAATTGTGCATTTACGTGAG
Dye loading buffer 0.25% Bromophenol Blue, 0.25% Xylene Cyanol FF,
40% wt/v sucrose in water.
Ethidium Bromide.
Agarose: ultrapure grade, DNAase free.
10X Stoffel PCR buffer. 100 mM KCl; 100 mM Tris-HC! (pH 8.3 at room tem-
perature); 25 mM MgCl,; and 4 pL dNTP stock (10 mM of each deoxy-
triphosphate nucleotide)
Primers for nested and asymmetric nested PCR.

MF21- 5' TGTAAAACGACGGCCAGTGCCCGACCGCG

TCTTGAAAACAGATGT

MB4: 5'CTAGATTTCATCTTGTTCAATTGC

MB22: 5' CACCCACATTCCCAGAGAGCT

MVF3- 5 TGTAAAACGACGGCCAGTCGTGCAGCTTTGTGGGAATGT
Resuspension buffer I. 10 mM Tris-HCI (pH 8.3), 1 mM EDTA, 0.1 M NaCl
Resuspension buffer I[: 50 mM Tris-HCI, pH 5.0, 50 mM EDTA, 8% Sucrose,
5% NP-40
Lysozyme. 10 mg/uL, freshly made.
Nal: 6 M.
Silica matrix: add 10 g of silica matrix to 100 mL of PBS; allow to stand for two
hours prior to use; remove the supernatant and repeat, centrifuge at 2000g for
10 min, resuspend the pellet in 100 mL of 3 M Nal)
Wash solution. 50% ethanol (v/v), 2.0 mM EDTA, 50 mM NaCl, 10 mM Trnis-
HC1(pH 7.5)
5X reaction buffer: 200 mM Tris-HCI (pH 7.5), 100 mM MgCly, 250 mM NaCl
[o 33S]AATP (~1000 Ci/mM)
Taq polymerase,
Stop solution: 20 mM EDTA, 95% deionized formamide, 0 05% bromphenol
blue, 0 05% xylene cyanol FF.

2.6. Equipment

1.
2,

Lanunar flow hood with UV hght attachment.
Thermocycler with bloc apparatus that accommodates 0.5 mL thin-walled
PCR tubes

3. Microcentrifuges with capabihities for 14,000g.
4.
5

Walk-in refrigerated room with electrical outlets.

Pipettors with capablities for aspirating 1-20 pl, 20200 ul., and 2001000 pL
and aerosol barrier pipet tips.

Electrophoresis apparatus for running small and large agarose gels.
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7. Power pak with adjustable voltage from 50 to 80,
8 UV light box
9. Gel documentation system,

10 Vacuum centrifuge.

11. Manual sequencing apparatus.

12. Automated sequencing apparatus

3. Methods
3.1. Specimen Preparation (see Note 1)

The preparation of the samples 15 somewhat dependent on the anatomic
source which can affect the amount of mucous/protein present in the sample.
Sample preparation is one of the most critical steps as without adequate chlamy-
dial DNA, there will be no template for typing the orgamism. Only one or a few
strands of intact DNA are actually needed, yet, excess cells or cellular debris
can significantly affect the avatlability of this DNA in PCR.

3.1 1 Preparation of Ocular
or Urogenital Samples with Little or No Mucous

Comnyunctival, urethral (male or female), or cervical samples are used and
transported in chlamydia transport media {2-SP, or an individually made col-
lection media containing appropriate anti-fungal and anti-bacterial antibiotics:
mycostatin, gentamycin, and vancomycin). This procedure 1s simple and pro-
vides sufficient (but crude) DNA for amplification as long as the sample does
not contain a lot of protein, blood, or impurities that can bind Mg?* or DNA,
This procedure takes approx 50 min,

1. Take 100 L of sample and centrifuge at 14,000g for 10 min 1n a refrigerated
room or in a 4°C centrifuge

2 Discard the supernatant and wash the pellet three times with 500 pL. of PBS or
0 9% normal saline by following the centrifugation step in step 1

3. Resuspend the pellet in 25 pl. of TE

4 Boil the sample for 10 min and place on ice; store at —20°C.

3.1.2. Preparation of Ocular
or Urogenital Samples with Mucous/Protein

Conjunctival, urethral (male or female), cervical, ot rectal samples can be
used, and should be transported mn a chlamydial transport buffer as above. This
procedure takes ~3.5 h.

1. Take 200 pL of the sample and add 100 pL of a lysis buffer.

2 Incubate at 55°C for 2 h prior to boiling for 10 min to inactivate the proteinase K

3. Add an equal volume of phenol/chloroform/Ascamyl alcohol (ratio of 25:24:1 [viv]),
vortex on high speed for | min, and centrifuge at 14,000g for 1 mun,



Molecular Typing of Chlamydia trachomatis 159

4. Aspirate off the top layer without disturbing the interface to a siliconized, DNase
free tube;

5. Add2 5 vol of 95% ethanol and 0.5 vol of 7.5 M ammonium acetate (NH, acetate);
let stand on ice for 10 min;

6. Centnifuge in a cold room for 10 mmn at 14,000g, aspirate off supernatant and
discard; repeat steps 5 and 6 with 70% ethanol alone,

7 Resuspend peliet in 50 pL of TE.

3.1.3. Preparation of Urine Samples

Urine samples should be collected in sterile containers and stored up to one
week at 4°C, Thereafter, the urine should be stored at —20°C prior to process-
ing. This procedure takes ~1.5 h.

If the urine contains precipitate, warm the urine to 37°C until dissolved,

Take 10 mL of urine and vortex at high speed for 30 s;

Centrifuge at 1500g for 10 mun and discard the supernatant;

Resuspend the pellet in 100 uL of the urine lysis solution containing 0.32 Af sucrose,

10 mM Tris-Cl (pH 8 0), 2 0 maf MgCl,, 1% Triton X-100, 1 mM CaCl,, and

0.02 U of micrococeal nuclease;

5. Incubate at 37°C for 30 min; add 5 pL of 50 mM EGTA, and centrifuge for 10 min
at 14,000g;

6 Wash pellet wath the same solution as in step 4 (without CaCl, and nuclease)

once; discard the supernatant and resuspend the pellet 1n 50 pL of TE and 50 pL

of 40 mAM DTT; boil for 10 min.

B —

3.1.4. Preparation of Samples in Commercial Buffers
(i.e., Roche PCR Buffer, Abbott LCR Buffer, Behring EIA Buffer,
Gen-Probe TMA Buffer)

The source of samples in commercial buffers includes the cervix, urethra,
conjunctivae, and urine. A remnant of the sample (prior to actval processing in
the assay) is used here. This procedure takes approx 40 min.

1. 200 pL of the remnant sample is boiled for 15 min and then placed on wet 1ce
(in some cases, 30 ul. of this boiled sample can be nsed directly in a 200 pL. PCR
reaction volume [see Subheading 3.2.2.1);

2. Add2.5 vol of 95% ethanol and 0.5 vol of NH, acetate; incubate on ice for |0 min;

3. Centrifuge for 10 min at 14,000g; aspirate off all ethanol;

4. Wash pellet with 70% ethanol once; resuspend the pellet in 50 pl. of TE;

3.2, Amplification of Chlamydial DNA

All PCR reaction protocols are identical except for the DNA extracted from
commercal buffers without an ethanol precipitation step., This crude DNA
requires a different enzyme and buffer to optimize the amplification as inhibi-
tors are invariably present. When the amount of DNA is known, use 1-50 ng
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for optimal results. The forward primer is designed with the universal M13
base pair sequence attached as a tail to the 5' end of the oligonucleotide
(11,12,35). This facilitates manual and cycle sequencing where the latter dye-
labeled primers that contain the M 13 sequence are incorporated into the double
stranded DNA template.

3.2.1. Amplification of Chlamydial DNA
This procedures takes ~4.5 h to perform,

1 Combine 10 uL of 10X PCR buffer, 2 yL. of dNTP stock, 1 pL of each primer that
flank V81, 2, 3, and 4 of ompl! [1 pM; F-11 5 ACCACTTGGTGTGACGCTATCAG
3'and B-11 5' CGGAATTGTGCATTTACGTGAG 3" ¢11,12,35), template DNA
{1-2 pL from prepared sample), and sufficient detomzed water to a final volume
of 100 pL m a thin walled PCR tube (see Note 2)

2 Add 1-2 U of thermostable DNA polymerase {depends on polymerase used),

3. Place the tubes in the thermocycling bloc and cycle the reaction as follows' 95°C
for 1,5 min followed by 30 cycles of 94°C for 15 5, 55°C for 45 s, and 72°C for
1 mn with a final incubation of 7 mun at 72°C (see Note 3)

4. Run 10 uL of the PCR product with 2 pl. of 6X dye loading buffer on an ethidium
bromide stained, 1 5% agarose gel with appropriate mol wt markers, the appro-
priated base pair size of the product is 1034 (see Note 4)

3.2.2. Amplification of Chlamydial DNA
from Commercial Buffers (No Ethanol Precipitation)

This procedure takes ~ 4.5 h;

1 Combine 20 L of 10X Stoffel PCR buffer, 2 uL. of each primer as above (1 pM),
30 L of template DNA, with sufficient deionized water to a final volume of
200 uL 1n a thin walled PCR tube

2 Add 4 U of AmpliTag DNA polymerase, Stoffel Fragment (Perkin-Elmer/ABI,
Foster City, CA) to the PCR tube;

3 Place the tubes in the thermocycling bloc and cycle the seaction as follows: 95°C
for 1.5 nun followed by 30 cycles at 94°C for 15 5, 50°C for 1 mun, and 72°C for
2 min wath a final incubation of 10 min at 72°C.

4. Run 20 pL with 4 pL of 6X dye loading buffer on an etlidium bromide stained,
1 5% agarose gel with appropriate molecular weight markers; the product size
15 1034 (see Note 5).

3.2.3. Protocol for Nested and Asymmetric Nested PCR (see Note 6)

When there is insufficient amplification product from the first PCR, a nested
PCR can be performed to increase the yield of DNA for sequencing. Asymmet-
ric nested PCR 18 required for manual but not automated sequencing in order to
generate a single-stranded template. This procedure takes ~5 h.



Molecuiar Typing of Chlamydia trachomatis 161

I

L)

Add the entire product of the first PCR to a Centricon-30 microconcentrator con-
taining 2 mL of ddH,0,

Centnfuge at 3000g until the membrane (s almost dry (20~60 mmn); invert the
tube into the conical cup supplied and recentrifuge for 1 min at 1500g,

Measure the volume (shouid be ~50 ulL);

Use 5 pL of the concentrated sample m a 100-pL volume PCR as above with
{ pAf each of primer pair: MF21 and MB4 ¢11,12,39,40); these primers also flank
VE1, 2, 3, and 4 of omp/ but are internal to the F-II and B-II primers; the same
cycling parameters as for a 100 pl reactron are used; the product size runs at 864
on an agarose gel

For asymmetric PCR that 1s required for optimal manual sequencing results, a
1:100 ratio of the 5' primer to the 3' primer is used {38) and two asymmetric
reactions instead of one should be performed, the above primer pair, MF21 and
MB4, can also be used but the sample will have to be loaded multiple times on
the manual gel to ensure the full read of the template; the first primer pair is
MF21 and MB22 that flanks V51 and VS2, and the second pair is MVF3 and
MB4 that flanks V83 and V54 (36); the same buffer and PCR cycling parameters
are used as described above The product sizes are 411 and 479, respectively.

3.3. Cloning of PCR Products and Preparation for Purification

Once the PCR products have been determined to be of the correct size, each

can be mdividually ligated into a vector; transformed into competent cells, and
grown up for subsequent purification. Step 1 below can be skipped if using a
direct PCR cloning kit. The following protocol 1s adapted from Tiesman and
Rizzine (38). This procedure takes ~ 2 d (see Note 7).

In order to remove undesired reagents from the PCR product, add the remamng
90 pL of PCR product to 2 mL of double distilled water already 1n a centricon-30
column; cenirifuge at 3000g for 20 to 40 min; invert the column and collect the
washed amplified template in a conical tube supplied by the manufacturer,

Use an appropriate protoco! for ligation into a vector {that contains the M13
sequence that will facilitate subsequent sequencing) and transformation of a suit-
able cell line (see protocols in ref. 42);

From an overnight culture of one colony 1n appropriate antibiotics, centrifuge at
5000¢ for 5 min at 4°C,

Resuspend the pellet in 5 mL of an ice cold resuspension buffer [,

Repeat the centrifugation as in step 3 and resuspend the pellet in 0.7 mL of 1ce
cold buffer I,

Add 50 pl of a newly made solution of 10 mg/mL lysozyme and 2 mg/mL RNase
A n 10 mM Tris-HCI (pH 8.0) and incubate at 37°C for 10 yun;

Transfer to a 100°C water bath for 1 minute; centrifuge at 14,000g for 10 min
at 4°C;

. Carefully remove the pellet and add 0.7 mL of ice cold 1sopropanel to the super-

natant; precipitate for 5 min at ~20°C;
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9 Centrifuge at 14,000g for 10 mun at 4°C and resuspend the pellet in 100 pL of TE
10. Atthis point, the DNA should be purnified prior to sequencing, see Subheading 4.4.
below.

3.4. Purification of Chlamydial DNA from Gels and Plasmid Preps

Once a band of the appropriate size is visualized on the gel, it must be punified
from the gel prior to cycle sequencing. This procedure takes ~2.5 h. If a plasrmd
15 to be purified, skip to step 5 below. This procedure takes ~1.5 h (see Note 8).

1. Load the remaiming 90 pL of PCR product on a 1.5% agarose pel; this can be
accomplished by taping together 2 or 3 wells prior to casting the gel;

2. Run the gel at 70 volts to improve resolution of the bands from other nonspecific
products;

3 Cut the gel out under long UV light to avoid micking the DNA template and place
the gel slice in a sterile 1.5 mL DNase free tube,

4 Weigh the gel by subtracting the weight of the tube;

5. Add 3 vol of 6 M Nal and incubate at 55°C, shake the tube vigorously to dissolve
the agarose;

6 Once dissolved, add 5 pl of silica matnx; add 25 pl. of silica matrix if using a
cloned sample;

7 Put on ice for 10 min and shake the tube frequently to improve the recovery of
DNA from the Nal,

8 Centrifuge at 14,000g for 30 s and remove ail excess Nal from the silica matnix;
add 300 uL of 1ce cold wash solution by resuspending the pellet by pipetting
up and down; do not vortex; centrifuge at 14,000g for 30 s; repeat the wash
step twice,

9 Remove all of the wash solution and elute the DNA tn 5 pl. of TE at 55°C for
5 min (25 pL of TE 1f 8 cloned sample); remove the TE containing the DNA inio
a silicomzed, 500 uL tube; repeat the elution step once. Discard the sihica matrix

3.5. Manual Sequencing of Chlamydial DNA (see Notes 9—12)

The purified chlamydial DNA from the gel or plasmid prep can now be
sequenced either manually or by automation {see Subheading 3.6.). The
dideoxynucleotide chain-termination method 1s used for esther method. For
manual sequencing, the single-stranded template 15 first annealed to the primer
before addition of the radioactive a-labeled dATP along with the three
nonlabeled nucleotides. The reaction is then extended in four separate base-
specific tubes with the respective chain terminating dideoxynucleotide and Tag
polymerase. The labeled template is then loaded onto a polyacrylamide-urea
gel, run for a designated time frame depending on the length of the DNA to be
sequenced, and autoradiographed for 24 to 48 hours. The procedure from
sequencing reaction to loading the gel takes approx 45 min. Running the gel
varies from 2to 6 h,
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1.

5

Add 0 5 pmol of DNA template to 0.5 pmol of primer (M13 universal pruner or
the 5" primer used for asymmetric PCR) and 2 pL. of a 5X reaction buffer for a
total of 10 pL; Denature at 70°C for 2 min and then at 45°C for 15 min.

Add to the annealing reaction 0.5 pL {a-**S]JdATP (~1000 C/mmole), 2 pL of
deoxynucleotide mix (1 5 pdM dGTP, 1.5 pM dCTP; 1.5 pM dTTP), 2 U of Tag
polymerase, and ddH, O for a total volume of 17.5 pL; mix briefty by flicking the
side of the tube with a finger, spin down all droplets, and incubate at 42°C for
5 min; remove tubes to a rack at room temperature.

Transfer 4 pL of the sequencing reaction solution to each of four tubes labeled
with G, A, T, and C containing 4 pl. of the appropriate termination mix (20 pM of
each deoxynucleotide with 60 pM ddGTP, 800 pAf ddATP, 800 piM ddTTP, or
400 uM ddCTP, respectively), incubate at 70°C for 5 min and then allow to cool
to room temperature before adding 4 pL of stop solution,

Incubate the four tubes at 80°C for 3 min and immediately place on ic¢ just before
loading a 5% polyacrylamide-urea gel with 2 pL of sample per well, run the gei
for designated time to accommodate the length of read desired for the DNA;
store remaining sample at -20°C for up to one week.

Dry the gel in a vacuum apparatus for ~1 h prior to autoradiography for 24 to 48 h.

3.6. Automated Sequencing of Chiamydial DNA

Dye-labeled primers are incorporated into the purified PCR or plasmid

DNA. Dye termuinators can also be used but require a higher concentration of
DNA. A ready reaction kit (ABI Prism Dye Primer Cycle Sequencing Ready
Reaction Kit, Perkin Eimer, Foster City, CA) that includes all the reagents for
the reaction facilitates labeling and sequencing of the template DNA, The
labeled template 1s loaded on a polyacrylamide gel and scanned by a laser. This
procedure takes ~3 h up to loading on the sequencing gel. The sequencing gel
can be run overnight to save time, and can be set to run for seven to nine hours
or indefinitely.

1,

Add 1 pL of template (50 ng for PCR DNA, 100 ng for single-stranded DNA
from a clone) to 4 uL of a ready reaction mix containing dNTPs and d/ddATP,
0.4 pmol/pL dye prnimer, 1 pL of 5X cycle sequencing buffer, and 1 pL of
AmphTaqg Polymerase, FS, 1n a thin walled PCR tube; add 1 ul of template to
4 pL of a ready reaction mix for d/ddCTP; add 2 pL each to the d/ddGTP and
d/ddTTP ready reaction mixes;

Place all four tubes in a thermocycler bloc preheated to 96°C; cycle the reaction for
15 cycles of 36°C for 10 s, 55°C for 5 s, and 70°C for I min; follow this cycling
pattern with 15 cycles of 96°C for 10 s and 70°C for 1 mir and hold at 4°C;
Transfer the contents of all four tubes to 80 pL of 95% ethanol; place on ice for
10 min;

Centrifuge at 14,000g for 15 mun; pour off the ethanol from the opposite side of
the pellet; rinse the pellet with 70% ethanol, recentrifuge for 5 min, and carefully
pour off the ethanol from the opposite side of the pellet; the pellet will be invisible



164 Dean

5. Dry the pellet using a vacuum centrifuge with heat for one to five minutes until
the pellet is dry but not over-dry (should not see a drop at the site of the pellet},

6 Resuspend the pellet in 6 pb of a solution composed of deiomzed formamide and
50 mM EDTA m a ratio of 5:1 (formamide to EDTA);

7. Load 1.5 pL of sample per well in an automated sequencing machine; follow
manufacturer’s instructions for making the polyacrylamide gel and for runming
the equipment with appropriate software;

8 The fluorescent-labeied product is analyzed by the software program, but can be
reanalyzed by following the instructions in the software program; print the laser
generated images of the sequence and examme the output by semi-automation
(see Note 15).

4. Notes

1. Specimen Preparation: Although the protocol 1n Subheading 3.1.1. works
extremely well, occaswonally 1t is worth performing one precipitation with
95% ethanol and 0.5 vol of 7.5 M NH, acetate This serves to clean up the DNA
such that any inhubitors remaining in the washed pellet are removed. For proto-
cols in Subheading 3.1.2., 1f there is a thick protein interface after the addition
of phenol/chloroform/soamyl and centrifugation, 1t is important to repeat this
step to remove any additional protern which can bind the DNA., For the proto-
col in Subheading 3.1.3., if there is excess precipitate in the urine, it 18 1mpor-
tant to do a proteinase K digestion after washing the pellet in step 6. This should
be followed by ethanol precipitanon as described. This will digest and elinu-
nate the excess protein that will provide a cleaner DNA sample for amplifica-
tion. When there ts excess mucous 1 the commercial buffers, it is worthwhile
doing one phenol/chloroform/iscamyl extraction followed by ethanol precipi-
tation prior to boiling the sampie. If the sample in the commercial buffer is
completely clear, 30 uL of boiled sample can be used directly i1n PCR using a
200 pl. volume with AmpliTag polymerase, Stoffel fragment, as described 1n
Subheading 3.2,

2  When setting up multiple reactions for PCR, it 1s more tume efficient to make a
master mix of reagents that can then be aliquoted into PCR tubes prior to the
addition of template and polymerase. This master mix can also be stored at
—20°C pre-aliquoted or as a stock solution for up to two months This also ensures
that ali the reagents are equivalent among each reaction.

3 A modified hot-start technicque can be very helpful in optimizing the PCR. We
place the DNA polymerase on the side of the PCR tube after all other reagents
have been added. Once the tube is placed in the heat bloc which has been pre-
heated to 95°C, the polymerase shdes into the reaction mix thus imtrating PCR.

4. Ifthere 1s sufficient sample, determining the exact amount of DNA will facilitate
PCR as overioading the reaction with DNA can result in no amphfication prod-
ucts. This can be accomplished easily by using a spectrophotometer to measure
10 pL of DNA added to 90 pL of delonized water after calibration of the machine
(see ref, 37 for details of this procedure).



Molecular Typing of Chlamydia trachomatis 165

5

10.

Each commercial polymerase has a different efficiency that is somewhat depen-
dent on the buffer that 15 used. Often, the optimal buffer comes with the poly-
merase. But, it may be prudent to test the polymerase with different buffers,
including one made in your own laboratory which might be more cost effective
than purchasing commercsally prepared buffers.

Regarding nested PCR, it 15 tmportant to concentrate the first PCR reaction to
provide sufficient DNA for reamplification. This can be achieved as described
under Subheading 3.2.3. A critical step in this protocol 18 to add the 90 pl of
remamning PCR product to 2 mL of water that are already in the column. The
water moistens the membrane that filters out excess primers and dNTPs from the
first reaction. An alternative to this procedure would be to do an ethanol precipi-
tation with 95% ethanol and 0.5 vol 7.5 M NH, acetate. Although this is rela-
tively rapid and less expensive as columns do not need to be purchased, excess
primers can also be precipitated and carried over into the nested PCR. However,
the carry over does not appear to significantly affect the nested PCR as we have
nat observed extraneous hands at the position of the first PCR.

Cloning of PCR Products and Preparation for Purification: A simple solution to
cloning the PCR products is to use a kit that facilitates direct cloning without
restriction digests of the 5" and 3' ends. There are a number of cloning kits on the
market that yield excellent results in a short period of time and, i this regard, can
be quite cost effective.

Purification of Chlamydial DNA from Gels and Plasmud Preps: A critical step in
the punification of chlamydial DNA from agarose gels 1s to make sure that the
shice of gel has been trimmed of all excess gel that is not fluorescing with ethidium
bromude This will provide the most concentrated amount of DNA and hasten the
time it takes to dissolve the gel in Nal. Also, it is important that the Nal solution
is at a pH <7.4 The pH can be adjusted by adding 10% acetic acid in 1 mL of
6 M Nal An alternative to the protocol described under Subheading 3.4, would
be to purchase a commercial DNA purification kit that is especially designed for
DNA extraction from gels There are many on the market and the advantage 1s
that all of the reagents are quality controlled

Manual Sequencing. Other polymerases can be used for radionucleotide sequenc-
ing The T7 sequenase polymerase has been around for a long time but is most
efficient when used with higher quantities of DNA templates. A newer poly-
merase, Thermo Sequenase, works extremely well in cycle sequencing formats
with 32P, 3P, and %S, This polymerase efficiently incorporates both dideoxy-
nucleotides and deoxynucleotides triphosphates fairly evenly during the reaction
which generates more uniform band intensities. Another advantage of this poly-
merase is that only 0 01 ug of DNA are requured for the reaction. A Thermo
Sequenase cycle sequencing kit is available that can facilitate radionucleotide
sequencing (Amersham Life Sciences, Cleveland, OH).

Manual Sequencing: The base analog 7-Deaz-2'-deoxyguanosine-5'-triphosphate
is an important alternative to dGTP for resolving G + C rich templates to prevent gel
compressions (39).
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11. In efforts to avoid radicactive substances, it is possible to do manual sequencing
using nonisotopic detection methods with very good results, There are a number
of referenced protocois for this in the literature (41,42).

12. Kits are also available for sequencing and are time saving as all the reagents have
already been prepared, although they are more expensive. Sequenase and Taq
polymerase are the most common enzymes used in these kits, Most perform
extremely well.

13. Techniques for Preventing Aerosol or Carryover Contamination: As a laboratory
performs more and more PCR using a specific set of primers, many amplification
products are produced that can contaminate specimens and subsequent PCR. Usu-
ally, 6 x 106 molecules per pL are generated by PCR. If precautions are not taken
to prevent acrosolization and physical carry-over, these molecules can end up
everywhere. This problem is most clearly identified when negative controls are
positive or when sequences are suspiciously identical to others processed at the
same time or immediately following a previous PCR and sequencing run, A num-
ber of precautions can be taken to prevent this, First, it is important to have a
separate room for preparing and aliquoting reagents for PCR. This area can also
be used for setting up PCR prior to adding the template, Ideally this room should
be supplied with DNase free tubes, PCR tubes, pipet tips (no need for aerosol
pipet tips as this is a clean room), sets of pipettors (p20, p200, and p1000), gloves,
racks, and nonrefrigerator buffers and chemicals. None of these supplies should
be removed from this room nor should any sample or potentially contaminated
substance be introduced. Also, each person working in this area should wear a
lab jacket that is removed when they leave the room. To further avoid contamina-
tion, it is recommended to make small aliquots of primers, dNTPs, and 50 on, so
that if these reagents become contaminated they can be discarded without incur-
ring significant cost. Also, since these small volumes are used up rapidly there is
less of a chance for contamination. A second room should be designated for
sample preparation, and loading the prepared PCR tubes with template DNA.
These procedures should be performed in a laminar flow hood with UV attach-
ment so that the area can be decontaminated in between users, This area should
contain its own centrifuge and set of supplies, including aerosol pipet tips and
pipettors which are never removed from the area. A third room should be used
for electrophoresis of PCR products, DNA purification from gels, cycle sequenc-
ing of purified DNA, and loading of the sequencing gel. A separate set of pipettors
should be assigned to gel loading versus DNA purification and cycle sequencing
10 avoid carry over. Aerosolized tips should also be used to prevent contamina-
tion of the pipettors and subsequent carry over. Although this room is the most
contaminated as aerosolization is occurring as amplification products are pipetted
into wells, pipet tips are ejected, and tubes containing amplified or purified DNA
are opened, purification of DNA from a gel is not a problem as the amount of the
appropriate template DNA is so high that aerosols are not cycle sequenced in
sufficient quantities.
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Pipettors can be an inconspicuous source of carry over as DNA can contaminate
the inside of the shaft. Although some investigators prefer positive displacement
pipettors, with careful use of aerosol pipet tips, it is possible to avoid any
contamination of the shaft, the extra cost of these pipettors, and the tips required
for their use.

Managing the Sequence Data: Although sequencing technologies have advanced
considerably, the amount of sequence data generated can become overwhelming.
Currently, there are software programs available for large-scale sequencing
projects. But, these are difficult to adapt to small scale data manipulations, espe-
cially for identifying nucleotide differences across several sequences and by com-
parison with prototype strains for data analysis. Thus, there is a need for the
development of software programs that can store data and perform comparisons of
sequences from different individuals or anatomic sites. Some companies have
developed data entry programs without the capabilities for data analysis, and
these would be recommended for use in storing data. Clearly, an area of future
development will be the design of user-friendly programs for the above men-
tioned applications.
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Human Papillomavirus Detection
by PCR and Typing by Dot-Blot

Agnetha Josefsson, Patrik Magnusson, and Ulf Gyllensten

1. Introduction
1.1. Human Papiliomavirus (HPV)

The papillomaviruses form a nonenveloped virion with an icosahedral capsid
structure and contain a double-stranded circular DNA genome of 7800
7900 bp. The HPV genome is organized into three major regions; two protein-
coding regions (1) early and (2) late-expressing genes, and {3) a noncoding
upstream regulatory region (URR) (Flg. 1). The early region is downstream of
the URR and consist of six open reading frames (ORFs) (E1, E2, E4, ES, E6, and
E7). El encodes a DNA binding protein involved in the regulation of viral DNA
replication. E2 regulates viral DNA replication and gene expression. E4 15 only
expressed during the viral infection phase, and important for the maturation and
replication of the virus. The function of ES is less well known and may involve a
stimulation of cell proliferation in HPV-infected cells. ES has also shown a weak
transformung activity. The E6 and E7 are coding for two oncoproteins with a
high transforming activity. Upon integration into the human genome, E2 and
parts of the E1 gene are, 1n general, deleted. This is followed by high levels of
E6 and E7 expression, The late region contains two ORFs termed L1 and L2 that
code for the viral capsid proteins (7). Finally, the URR, or LCR long control
region, contains binding sites for different transcriptional repressors and activa-
tors, and along with E5-7, is hughly variable among HPV types.

Infection with HPV is associated with an increased risk for the development
of papillomas and dysplasias of the skin and mucosa of humans, and is pres-
ently one of the most common STDs in the world. HPV is also the primary risk
factor for cervical cancer in women. As the methods for detection and charac-
terization of HPV have become more sensitive and accurate, the number of

From Methods in Molscular Madicins, Vol 20 Sexually Transmitted Diseases Methods and Prolocols
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Fig. 1. Genome orgamzation of HPV 16, 1 hneanzed form

recogmzed viral subtypes has reached over 70. Some of these (predomunately
6,11, 16,18,26,31, 33, 35, 39,42, 43, 44,45, 51, 52, 53, 54, 55, 56, 58, 59, 66,
and 68) are frequently found in the genital tracts of both men and women, and
are sexually transmitted. Qut of these, types 6 and 11 are associated with condy-
lomata acuminata (genital warts), which is a benign atypia, whereas 16, 18,
31, 33, 35, 45, and additional types occurring at lower frequencies are assoct-
ated with low- and high-grade dysplasias and cervical cancer. In women, these
infections are usually located at the border between the squamous and the
columnar epithelia of the cervix (the transforming zone). HPV DNA 15 found in
70-95% of excised biopsies of warts, neoplasias, and tumors of the genital tract.
The prevalence of HPV varies locally and between age groups, with the highest
prevalence for young, sexually active individuals (16-25 yr) (2).

HPV infection has been diagnosed 1n a number of ways, based on clinical, cyto-
logical, histological, and molecular examinations, the latter becoming increasingly
important owing to its higher sensitivity and the potential for detecting the pres-
ence of virus before the onset of clinical manifestations. The correlation between
HPYV type and disease severity makes the specificity of the methods an important
factor 1n the diagnosis. Abnormalities (especially condylomata acuminaia) 1n the
exterior parts of the female genital tract are usually detecied by visual inspection
during clinical examination, but the more hidden mamfestations 1n the cervix
frequently remain undetected. Histological or cytological examinations under light
microscope can reveal HPV infections through the rather subtle and non-
standardized manifestations, such as kotlocytosis or dyskeratosis of the squamous
cells. However, these changes are not always easy to detect (3). To aid in the diag-
nosis, a variety of molecular protocols for the detection of HPV have been devel-
oped. In the present chapter, we survey the methods available for detection of HPV
with special emphasis on the molecular DNA methods.

1.2. Serological Methods for HPV Detection

Serological detection methods, based on serum antibodies mainly against
the L1, L2, E6, and E7 HPV proteins, are used to indicate previous or present
infection with HPV. The initial assays used bactenally expressed fusion pro-
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teins or synthetic peptides as the antigen targets in Western blot assays or
enzyme-linked immunosorbent assays (ELISAs), and had limited ability for
HPV detection (4). The HPV major capsid protein {L1 with or without the
L2 protein) can self-assemble into virus-like particles (VLPs), which are struc-
turally indistinguishable from native virions, and therefore recognized by neu-
tralizing antibodies (5,6). Since high-risk genital HPV virions are less frequent
in the high-grade lesions, and cannot be grown ¢ither in celi-cutture or in ani-
mal systems in large amounts, VLPs have proven to be valuable reagents for
serological assays (7,8). HPV VLPs have been produced in different eucary-
otic expression systems by using recombinant vaccima virus, baculovirus,
semliki forest virus, and yeast (9). Since VPLs lack the potential oncogenic
viral genome and generates high titers of neutralizing antibodies, they consti-
tute candidates for prophylactic vaccine (14).

In preinvasive lesions and carcinomas the HPV genome have been found to
be integrated, with deletions reported mainly of the 3'-part of the E1 region and
the E2 region (11). Concomitant with such deletions is an increased expression
of the two oncogenes E6 and E7. E7 in particular has proven to be a good
marker for serological assays owing to the elevated levels of E7 antibodies and
proteins (12,13). The most common assays for the detection of neutralizing
antibodies against HPV early and late proteins are different combinations of
ELISAs using antigen or antibodies immobilized to a solid support. ELISA-
based assays have been employed for analysis of peptides, antibodies, virions,
and recently VLPs. In these assays, microtiter plate wells coated with antigen
are covered with patient sera to capture high-affinity antibodies present in the
serum (4,14--16). These complexes are then detected by enzyme-conjugated
secondary antibodies.

Monoclonal antibodies (MAbs) have been developed as specific probes to
identify L1 and for use in ELISA, western blot, and neutralization assays
(14,16-18). These MAbs and polyclonal antibodies are commercially avail-
able and are labeled with biotin or enzymes, such as horseradish peroxidase
and alkaline phosphatase, allowing detection by chromogenic substrates or
chemiluminescence (ECL, Amersham). Immunoprecipitation assays have been
used for the detection of E7 expression and are performed 1n solution or immo-
bilized to a solid support, where complexes of antigen/antibody are precipi-
tated in the presence of a specific HPV antibody (79). In general, the
immunobased assays for diagnosis have a lower sensitivity than DNA- and
RNA-based methods, since not every infected person develops antibodies to
HPV16. Also, immunobased methods have a lower specificity, caused by the
crossreactivity 1n the response against closely related HPV types (7). Finally,
since today HPV type classification is based on DNA similarity, serological
assays may be discordant with DNA classifications.
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The alternative strategy is to detect the presence of HPV DNA or RNA. A
number of methods have been developed, either based on direct detection of
viral nucleic acid or including an amplification step using the polymerase chain
reaction (PCR) prior to detection.

1.3. DNA-Based Methods for HPV Detection
1.3.1. Hybridization to Native Viral DNA

Methods without an amplification step rely solely on hybridization with a
homologous probe for detection of viral DNA. An example is in situ hybridiza-
tion (Table 1}, where viral DNA is detected on the microscope slide (smears or
slices of a biopsy). The visualization of hybridized probe is through an enzyme-
linked secondary molecule (e.g., Streptavidin-phosphatase) binding to the
biotinylated probe (20). One benefit of in sifu hybridization 1s that 1t permuts
not only detection, but also localization of infected celis in a clinical sample.
The pattern of hybridization wathin cells can also be used to indicate whether
the virus has been integrated snto the human genome or is m episomal form,
information that can be of prognostic value (21).

Direct detection of HPV has also been achieved using restriction fragment-
length polymorphism (RFLP) and Southern blot technique (Table 1) (22). The
restricted DNA 1s separated in a gel matrix {agarose or polyacrylamide) by elec-
trophoresis, transferred to a membrane, and then hybridized to labeled HPV
probes. Depending on the conditions used for the hybridization and subsequent
washes, the stringency of the detection can be adjusted (low stringency resulting
in the detection of a broad spectrum of HPV types and high stringency 1n detec-
tion of specific HPV types). This method can be relatively sensitive and has the
advantage of yielding information about the integration/episomal state of the
virus (23). However, the Southern blot technique requires fairly large amounts of
sample material and is too labor-demanding for large-scale routine use. A sim-
plification of the hybridization method is the dot-blot analysis (Table 1), where
HPV DNA is applied directly to a membrane and hybndized to type-specific
HPV probes (24). The sensitivity of this technique 1s simular to that of the RFLP
Southern blot, and requires sample specimen of the same quatity.

An alternate possibility is to use RNA probes for hybndization. The result-
ing DNA~RNA heteroduplex can be detected using MAbs directed agamst
DNA—RNA hybrids. This is the concept of the commercially available hybnid
capture assay marketed as ViraType Plus (Digene Diagnosis, Beltsville). In
this assay, the tube walls are coated with anti-DNA-RNA MAbs. DNA-RNA
hybrids bound to the tube walls after washing are detected by alkaline phos-
phatase linked to an anti-DNA-RNA antibody. The signal can then be mea-
sured by using a luminometer (25). The sensitivity of all hybridization assays
are reliant on an accurate stringency control in the hybridization step.
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1.3.2. Analysis of PCR-Amplified Viral DNA

By introducing a PCR-based amplification step prior to typing, very limited
amounts of viral DNA or RNA can be detected. Amplification-based methods
have therefore become the method of choice when the amount of sample mate-
rial 1s very limited or when the material has been fixed and stained by reagents
affecting DNA quality. Owing to the higher sensitivity provided by PCR, esti-
mates of population prevalence of HPV infections in PCR-based studies have
been two to three times higher compared to studies using nonamplification-
based techniques 2).

Several of the assays containing a PCR step are modifications of the strate-
gies discussed above. The specificity and sensitivity of the detection will be
increased substantially by including the PCR step, since the number of DNA
molecules to be used in the typing will be in great excess over the original HPV
copy number. These assays all start with a PCR step, which can either be a
HPV type-specific PCR or with primers designed to amplify a range of HPV
types. For HPV type-specific PCR assays, the detection is accomplished by
examination of the size of PCR products on an agarose gel (Table 2). The
type-specific PCR assays have the advantage of being very sensitive, since
only a single oligonucleotide pair is being used 1n each reaction. However, to
use the type-specific PCR assays for large patient cohorts becomes impractical
because of the need to screen for a relatively large number of HPV types. The
method employing consensus primers, although sufficiently robust for most
applications, has the potential drawback of underestimating the proportion of
patients infected with more than one HPV type. This is because HPV types
occutring at high copy number may outcompete viral types occurring at much
lower copy number tn the PCR. When PCR products have been generated in a
multitype HPV PCR, detection and/or typing can be performed by a number of
means, e.g., RFLP, dot-blot, or hybrid capture (Table 2).

In analyzing especially demanding samples, like formalin-fixed biopsies and
old Papanicolaou smears, a nested PCR has sometimes been employed. In
nested PCR, two set of primers are used, the location of the second primer pair
being internal to the first set. The PCR product generated by the first pnmer
pair 1s diluted and subjected to a second round of PCR using the internal prim-
ers. By this procedure, the sensitivity and specificity are increased further. The
drawback of the nested PCR is the increased risk of false positives owing to
contamiation, This can be overcome by a system utilizing ramp-specific prim-
ers that allows a nested PCR to be performed without any transfer of PCR
products (one-tube nested PCR f26]).

A combination of i situ hybridization and PCR 1s the i sttu PCR (27). In
this method, amplification is performed directly on the specimen slide. The
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products are subsequently detected by hybridization. The main advantage of
this procedure is that the sensitivity and specificity of PCR are combined with
the positional information provided by in situ hybridization. However, further
development of the method is required before in site PCR can be used for
large-scale routine diagnosis.

The solution hybridization assay for PCR products (SHARP) (Digene Diag-
nostics, Inc., Silver Spring, MD) 1s an extension of the hybrid capture assay
based on the same DNA-RNA hybrid concept, but includes a PCR step to
generate an HPV PCR product with a biotinylated PCR primer, and Streptavidin-
coated wells for capture of hybrids (Table 2} (28).

To distinguish DNA HPV types based on sequence variation in the PCR
product, a number of methods are available, such as dot-blot hybridization,
restriction fragment analysis, single-strand conformation polymorphism
(SSCP), and DNA sequencing (Table 2). The dot-blot method will be discussed
in detail under Subheading 3. The SSCP analysis 1s based on the principle that
single-stranded DNA wiil form a secondary structure determined by its nucle-
otide sequence. Single-base differences may change this conformation and shift
the mobihty through the nondenaturing polyacrylamide gel (29). Direct sequence
analysis with terminating fluorescent dye-labeled dideoxynucleotides and ana-
lyzed on an instrument for automated DNA sequencing, is an alternative ¢29)
However, the throughput of this method may still be somewhat hmited. In sum-
mary, a large number of techniques have been developed for detection, typing,
and sequence determination of HPV in chinical samples, each having its
own advantages and disadvantages. The following sections focus on a PCR-
based assay developed and employed by us for large-scale analysis of HPV
from a variety of sources of materals,

2. Materials
2.1. Specimens

The normal range of matenials for HPV detection include:

1. Formalin-fixed biopsies: Fixation of fresh biopsy material in 10% formahin and
embedding in paraffin 15 the most common way 10 preserve tissue. This permits
storage at room temperature, However, this type of preservation 15 not recom-
mended if DNA analys1s is to be performed.

2 Nonlfixed, fresh or frozen tissue (biopsies, scrapes, and exfoliated celis): To allow
PCR amplification of large DNA fragments, fresh tissue should be extracted
immediately or be kept at —70°C for fonger periods of time.

3. Papanicolaou-stained smears® Smears are usually fixed m ethanol and then
stamned with Papanicolaou stains. These include hematoxylin, which stains the
nuclei darkblue and orange G and eosin-alcohol, which gives an orange and red-
d:sh color to the cytoplasm
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Following 1s a description of the equipment that we find most useful in deal-
ing with the materials described above, and the procedures used for extraction,
amplification, and typing.

2.2. Solutions

1. Denaturing solution: 0.4 md4 NaOH, 25 mM EDTA.
2 Digestion solution for formalin-fixed material: 0.2 M Tris-HCL, pH 8 ¢ 1% SDS,
I mg/mL proteinase K, 10 mdM EDTA,
3 dNTP: 25 mM of each nucleotide (dATP, dCTP, dGTP, TTP) in stock
4. EB buffer: Equal parts of lysis buffer and suspension buffer with 25 pL of pro-
tetnase K/mlL.
5. ECL Chemiluminescence kit, Amersham, UK.,
6. Ethidium brommde. Dissolve n sterile water 10 mg/mL,
7. Hybridization buffer; 2X SSPE, 0.5% SDS.
8. Loading buffer: 15% Ficoll 400, 0.2% bromphenol blue, 5¢ mAf EDTA.
9. Lysis buffer 1% Sarcosyl, 8 M urea, 20 mM EDTA, 0.4 M NaCl, 200 mM Tris-
HCI, pH 8.0.
10. Oil. Light white mineral o1l (Sigma).
11 1XPBS- 136 75 mM NaCl, 2.68 mM KCl, 10.14 miM Na,HPO,, 1.76 mM KH,PO,
12, TE-low: 10 mM Tris-HCI, pH 7.4, 0.1 mM EDTA.
13 Primers: Dissolve the primers in TE-low (500 mM in stock). Dilute the stock
into a 10-pM working solution.
14 Proteinase K: 20 mg/mL dissolve in water; aliquot it mto smaller amounts (1 mL).
15. Purified BSA: 10 mg/mlL.
16. Saturated ammonium acetate: Dissolve the powder in sterile water unii! the solu-
tion reaches its saturation.
17 1X SBPE: 0.18 M NaCl, 10 mM NaH,PO,, t mM EDTA,pH 77
18. 20X 88C- 3 M NaCl, 0.2 M Na citrate.
19 Stringency buffer- 1X SSPE, 0.1% SDS.
20. Suspension buffer: 10 md/ Tris-HCI, 0.1 mM EDTA, pH 8.0.
21 1X TEB- 0.089 A Trs-borate, 0.089 M boric acid, 0.0024 M EDTA.
22. 10X Tag polymerase buffer; 500 mM KCl, 15 mM MgCl, 100 mdf Tris-HCI,
pH 8 3. Prepare fresh buffer each 6 mo. Store at —20°C.

2.3. Equipment and Supplies
2.3.1. Extraction

Fume hood.

Incubator.

Humidified chamber (a box filled with water or lined with wet paper towel),
Water bath.

Micropipets.

Aeroscl-resistant micro-pipet tips (040, 0-200, 2001000 pL}.

Sterile tubes (50-, 1.5-, and 0.5-mL test tubes).

SN R W —
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2.3.2. PCR

1 Thermal cycler (Perkin Elmer Cetus TC1 or 9600}

2 Aerosol-resistant micro-prpet tips (040, 0200, 200-1000 uL).

3. Micropipets.

4. PCR reaction tubes with caps.

5 NuSieve GTG agarose (FMC Bioproducts, Rockland, ME) (See Note 4.)

2.3.3. Typing

® G

Bro-Dot microfiltration apparatus (Bio-Rad).

Nylon membrane (BioDyne B membranes, Pall Corp ).
Microtest tubes,

Vacuum pump

Streptavidin—POD conjugate.

Hybndization oven/shaker.

ECL kit (Amersham),

X-ray film.

3. Methods

3.1
3.1.

Extraction of DNA (see Note 1)
1. Formalin-Fixed Biopsies

This 1s a modification of the protocol by Kosel and Graeber (36).

Put the paraffin-embedded tissue 1n 1 mL xylene for 2 h at room temperature,
with occasional mixing by squeezing the pellet with a plastic stick.
Discard the xylene

Wash with 95% ethanol, and incubate for 5 min at room temperature.
Repeat the washing step with 70% ethanol.

Dry the material for 20 min 1n 50°C.

Add 200 pL digestion solution.

Incubate for 3 h at 50°C.

Transfer to a second incubation for 14 h at 30°C,

Inactivate the proteinase K by imcubation for 10 min at 95°C.
Centrifuge at 21,000g for 5 min to pellet undissolved matter

. Transfer the supernatant into a new tube.

Add the same volume phenol/chloroform, mix, and centrifuge at 21,000g for
3 min. Transfer the DNA phase to a new tube.

. Repeat step 12

Add 0.1x the remaiming volume of 3 M NaAc, pH 4.8, and 2 5 vol of 5% ethanol
to precipitate DNA.

Incubate for I h at-20°C.

Centrifuge the tube for 30 min at 21,000g, remove liquid, and dry pellet under
vacuum for 5 mun.

Dissolve pellet in 100 pL. TE-low. Use 5 ul. for PCR amplification (see Note 1)
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3.1.2. Nonfixed, Fresh, and Frozen Tissue

This 1s a modification of the protocol by Higuchi that 1s appropriate for
bopsies, scrapes, and exfoliated cells (31).

1

2.
3.

oSN I I N VR

10

1L
12,

13
14
15

l6.
17.

Put the tissue (or wad from the cotton tops) in 0.5 mL of PCR buffer with non-
10mc detergents

Add 1.5 uL proteinase K (final concentration, 6.0 ug/mL).

Incubate at 55—60°C for | h or until the tissue has been degraded. For the cotton
top wads, 1 his enough Then transfer the supernatant to a new tube

Add 0 5 mL phenol.

Centrifuge for 3 mun at 21,000g

Move the DNA phase (upper phase)} to a new tube.

Repeat steps 46 1f the interphase is cloudy.

Add the same volume of chioroform, mix, and centrifuge for 3 min at 21,000g
Transfer the DNA phase to a new tube

Add 0.1x remaimng volume of 3 M NaAc, pH 4.8

Precipitate the DNA by adding 2.5x the remaining volume of 99.9% ethanol.
Incubate for 30 min at —20°C.

Centrifuge the tube for 30 min at 21,000g, and remove hquid

Wash pellet once with | mL of 70% ethanol.

Centnifuge for 5 min

Dry pellet under vacuum

Dissolve 1n 100 pL. TE-low (see Note 1),

3.1.3. Papanicolaou-Stained Smears

This 15 a modification of the protocol described by Chua and Hjerpe (32).

Lo R A

10

il
12.

13

14,

15

To remove cover ships, soak shides in xylene for 5-6 d

To destain, soak slides 1n 99.9% ethanol for a minimum of 30 min.

Allow smears to dry at room temperature

Add 150 pL of EB, and mix onto each slide.

[ncubate at 37° C for 20 min 1n a hurmidified chamber.

Dislodge cells from surface of glass with pipet tip, and transfer the cell suspen-
sion to a microfuge tube

Repeat steps 5-7. Poal cell suspensions into the same tube.

Add 10 pl proteinase K to each tube.

Incubate at 60°C foratleast 1 h

Add 100 pL saturated ammonium acetate.

Mix for 30 s, and centnfuge at 21,000g for 5 min.

Transfer supernatant to a new tube. Discard pellet.

Add 1 2 mL of 99 9% ethanol

Incubate at —20° C for at least 30 mun

Centrifuge at 21,000g for 5-30 min Discard supernatant, and retain pellet
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16. Wash pellet once with 1.5 mL of 70% ethanol.
17. Centrifuge for 5 min,

18. Dry pellet 1n a fume hood.

19. Dissolve i 200 ul. TE-low (see Note 1).

3.2, PCR Amplification (see Note 2)

The design of an optimal HPV PCR primer system for use in clinical and
epidemiological studies relies on a number of considerations. Such a system
should be able to detect HPV in a variety of clinical matenals, i.e., the size of
the PCR product has to be minimized, and it has to be targeted to a region
conserved among all the HPV DNA sequences, in order to allow the amplifi-
cation of muitiple HPV types and, finally, the region between the pnimers has
to be variable enough to design type-specific probes. The L1 and E1 are the
two most conserved regions among HPV types and suitable for the design of
an efficient amplification system. However, there are reports of systems
designed for the less-conserved ORF regions in E6/E7 (33). Since many
regions in the HPV genome have been found deleted when integrated this fur-
ther delimits the regions most suitable as targets (34-37).

Several amplification systems targeting different portions of the HPV genome
have been described. Among the most frequently used ones for the L1 region
are MY09/MY 11 system using the degenerate primers, and the GP5+/GP6+
system, using a pair of consensus primers (38,39). The GP and MY primers
can be combined to give a nested PCR with a very high sensitivity (32). The
MY09/MY 11 primers are degenerate primers with 8—16 variants for each strand
and therefore detect a wide range of HPV DNA types in comparison with
GP5+/GP6+, which is a single primer pair made from the consensus sequence
of an alignment of HPV types. There 15 a substantial difference between the
amplicons in length: 450 bp for MY09/MY 11 compared to 150 bp for the GP
pair, which may be important when dealing with materials, such as formalin-
fixed and stained tissues. The deletions on integration do not involve the regions
where the MY09/1 1, GP5+/6+, and El 350L/547R primer-pairs described below
are located (26,38,39).

The most frequently used primers and probes for the L1 ORF have the fol-
lowing sequences:

MYQ9 5'-CGTCCMARRGGAWACTGATC-3',

MY11 5'-GCMCAGGGWCATAAYAATGG-3';

GP5+ 5-TTTGTTACTGTGGTAGATACTAC-3',
GP6+ 5-GAAAAATAAACTGTAAATCATATT C-3'

(R=AorG;Y=TorC;W=TorA; M=AorC)
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We have previously described a set of E1 degenerate primers designed
by aligning the 19 most common gemital HPV genome sequences (26). The
5'-end 1n the E1 ORF region has a region conserved among all HPV DNA
types providing an excellent site for a primer (40). The E} degenerate prim-
ers generates a 180-bp long product. The upsiream El 350L pruner is con-
served at 13 positions in the 3'-end, whereas the downstream primer is a
degenerate primer (41).

There are two alternate nested amplification systems for the E1 and L1 read-
g frames, both equally sensitive and specific. The E1 primer pair has been
tested against the MY09/MY11 primer set for sensitivify on cervical smears
and cervical cancer biopsy material with mixed infections, and for the specific-
ity by examning the amount of nonspecific DNA background visualized on an
ethidium bronude-stained gel. The E1 primer pair showed both higher sens:-
tivity and specificity, compared to the MYQL/MY11 (26).

The degenerate pnimers used for the E1 ORF have the following sequences (26):

E1301L, (E11088) 5'-GRCWGCMARKGCRTTGTTYMMTRYRCAGGA-3';
El 847R, (E11539) 5'-CCAATCDSWACABSTKSWTTTATYRCTYTKAAA-3',
E1350L, (E11132) 5'-TRYRKGYYYTAAAACGAAAGT-3

El 547R, (E11263) 3'-TTCCACTTCAGWAYWGCCATA-3'

B=GorC;R=AorGY=ToweCCLW=TorAM=AorC;K=GorT; D=
T, G, or A}

Employing our system for the HPV E| region, there are two options: (1) using
a single primer pair, which is quite sufficient when working from biopsy mate-
rial, or (2) using the one-tube nested PCR with four primers from the start 1n
the same reaction. The nested model 1s more sensitive because of the two
amplification steps and the small s1ze of the final DNA fragment (180 bp), and
therefore, suited for analysis from limited DNA copy numbers. It also elimi-
nates the crosscontamination problem, which occurs when transferrmg PCR
products from the first to the second amplification reaction, The general simgle
PCR amphfication system is normally sufficiently sensitive, and we have
recently been able to use only a single primer pair also when analyzing HPV
from archival cervical smears.

3.2.1. One-Tube Nested PCR

Add the reagents in the following order; buffer, detergent, dNTP, water,
primers, Taq polymerase, o1l if applicable, and last the template. This also
apphies to the single primer pair PCR system.
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1X
10X Taq polymerase buffer (15 mdf) 10 L
10 uMf outer primer | (E1 301L) 25uL
10 pM outer primer 2 (E1 847R) 2.5ul
10 A mner pnimer 3 (E1 350L) Sl
10 uM mner primer 4 (E[ 547R) 5uL
10% Nonidet P40/Tween-20 10 uL
25 mM ANTP (200 pAf of each nucleotide) 08l
AmphTaq (5 U/ul) 045 pl.
Tempiate 2-10 uL
Sterie dH,O 5462 plL
Reaction volume 100 pL

Add oil on top (~40 uL) 1f applicable.

Put the samples in the thermocycler, and run a total of 45 cycles. The
first 15 cycles are 1 run at 94°C, 1 min at 45°C, and 1.5 min at 72°C. Then
lower the annealing temperature to 30°C, and run an additional 30 cycles
wtth the other parameters unchanged. When using the Perkin-Elmer 9600
DNA Thermal Cycler, decrease the times to 40 s for each step in the cycle

(see Notes 2 and 3).

3.2.2. Single Primer Pair PCR

This protocol could also be used with the L1 MY(9/11 primer pair (50 pmol
of each pnimer) by replacing the El primers by MY09/MY11.

1X
10X Tag polymerase buffer (15 maf) 10 pL
10 uM primer 1 (E1 301L) (MY09) 5ul
10 uM primer 2 {(E1 547R) (MY11) 5uL
10 mg/mL BSA 124l
10% Nomdet P40/Tween-20 10yl
25 mM dNTP (206 pf of each nucleotide) 08uL
AmphTaq (5 U/uL) 045 uL
Template 2—10 pL
Stenile dH,O 58-66 pL
Reaction volume 100 L

Add o1l on top (~40 pL)} 1f required depending on the type of thermal cycler used

Put the samples 1n the thermocycler, run a total of 45 cycles with 1 min at
94°C, 1 mi at 45°C, and 1.5 min at 72°C. When using the Perkin-Eimer 9600
DNA Thermal Cycler, decrease the times to 40 s for each step n the cycle
{see Notes 2 and 3).
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3.2.3. Detection of PCR Products

3.3. Dot-Biot Typing

genital HPV types (26).

Oligonucleotide

HPVé6B E1B

Ho s LN -

Load 10 L.

Prepare a 4% agarose gel (4 g agarose, 100 mL TEB).
Stain the gel with 10 pL ethidiim bromide from stock solution.
Mix [0 pL of the PCR amplification with I uL of loading buffer.

Run the gel at 80 V for 20 min,
Visnalize the DNA band using a transilluminator.
Note positive and negative samples (see Note 4),

185

For the El, we have designed an HPV typing system based on 19 different
type-specific probes with similar hybridization kinetics to match the specific

probe

HPVI| EIB
HPV16 EIB
HPVIS EIB
HPV30 EIB
HPV31 EIB
HPV33 E1B
HPV34 EIB
HPV35 EIB
HPV39 EIB
HPV4C E1B
HPV42 EIB
HPV45EIB
HPVS1 EIB
HPV52 EIB
HPV33 EIB
HPV356 E1B
HPV57EIB
HPV58 EIB

Oligonucleotide probes employed with the MY09/MY 11 primers (42,43}

Oligonucleotide

probe

HPV 6/11  (MY12)
(MY13)
(MY125)

Sequence Tms °C
B5-TAAACTTACAAGACAG-3' 42
B3-TAAACTTACAACACAG-¥ 42
B -ATGTATAGAAAAACAAAGT-Y 46
BY-TTTAAATAGTGGGCAGA-Y 46
B5-TACAGACGTGGCCG-3' 46
B5-ATGCATAGAAAATAACAG-Y 46
B5-TAATAAAAATAAAGAATGCA-3 46
B5-GACGATAAGGGACAC-3 46
B5-TTGCATTGAAAATAAAAATA-3 46
BS-TTCATTAAATGTAAGCAG-¥ 46
B5-ACGGCTTGGCGGC-3' 46
B5-ACGCTATGTCGGGG-3' 46
B5-ATTAAATAGTGGGCACA-3' 46
B5'-CAAACGAGTCACAAGT-3' 46
B5S-GTGTAAATACAGAGTGT-3' 46
B5'-GATACAGAAGTGCCG-3' 46
B5S-TTTATCAGACCTACAAG-3' 46
B5'-CTCGCTAAACAGAAAG-3' 46
B5'-ATATAAAAATAAAGAATGC-3' 46

Sequence

5'-CATCCGTAACTACATCTTCCA-3

S-TCTGTGTCTAAATCTGCTACA-3
5'“ACAATGAATCCYTCTGTTTTGG-3
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Oligonucleotide
probe Sequence

HPV 16  (MY95) S“GATATGGCAGCACATAATGAC-3'
(MY 133) 5-GTAACATCCCAGGCAATTG-3'

HPV 18 (MYI130) 5-GGGCAATATGATGCTACCAAT-Y
(WD74) 5“GGATGCTGCACCGGCTGA-3'

HPV 26  (MY186) 5-GCTGACAGGTAGTAGCAGAGTT-3'
(MY187) 5'-GCCATAACATCTGTTGTAAGTG-3'

HPV 31 (MY92) 5'-CCAAAAGCCYAAGGAAGATC-3
(MY143) S-TTGCAAACAGTGATACTACATT-3'
HPV 32 5'“GCCATACGATGTCAAGCTAAG-3'
HPV 33  (MY16) S“CACACAAGTAACTAGTGACAG-3'
(MY®54) S-TCCTTTGGAGGTACTGTTTTT-3
HPV 34 S-“CCACAAGTACAACTGCACCA-3'

HPV 35S (MY115) 5-CTGCTGTGTCTTCTAGTGACAG-3'
MY117) 5-ATCATCTTTAGGTTTTGGTGC-3'

HPV 39 (MYS9) 5. TAGAGTCTTCCATACCTTCTAC-3'
(MY90) ' AGACACTTACAGATACCTACAG-3'
HPV40 (MY176)  5-CCCAAGGTACGGGAGGATCC-3'
HPV 42  (MY34) 5$.GGCTAAGGTAACAACGCC-3'
(MY121)  5-CACTGCAACATCTGGTGAT-3'
HPV45  (MY69) 5'-ATACTACACCTCCAGAAAAGC-3'
(MY129)  5-GCACAGGATTTTGTGTAGAG-3'
HPV 51  (MY8Y) 5 TATTAGCACTGCCACTGCTG-3'
(MY88) 5.CCCAACATTTACTCCAAGTAAC-3'
HPV 52 (MY8I) $.CACTTCTACTGCTATAACTTGT-3'
(MY82) 5. ACACACCACCTAAAGGAAAGG-3

HPV 53  (MY102)  5-TTCTACCTTACTGGAAGACTGG-3'
(MY182)  $-GCAACCACACAGTCTATGTC-3'

HPV 5S4 (MY160)  S-CAGCATCCACGCAGGATAG-3'
(MY161)  5“GAATAATGCCCCTGCAAAG-3'

HPV 55  (MY151)  5~GTGCTGCTACAACTCAGTCT-3'
(MY171)  S-CCCTGAAAAGGCAAAGCAG-3'

HPV 56 (MYI197)  5-GCACAGCTATAACATGTCAACG-3'
(MY199)  5-CAGTTAAGTAAATATGATGCACG-3'

HPV57 (MY154)  5-AATGTCTCTTTGTGTGCCAC-3'
(MY156)  5-GGATCAGTAGGGGTCTTAGG-3'

HPV 58  (MY94) 5.AGCACCCCCTAAAGAAAAGGA-3'
(MY179)  5“-GACATTATGCACTGAAGTAACTAAG-3'

HPV 59  (MY123)  5-GCCAGTTAAACAGGACCC-3'
(MY162)  5-CCTAATGWATACACACCTACCAG-3'

HPV 61 5.CCATTTGTACTGCTACATCCCC-3'

5. TAAAGCCACGAGCTTTAGGG-3'
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Oligonucleotide
probe Sequence

HPV 62 5'-TGCAGCAGAATACACGGCT-¥
5*-CACTATTTCGAGTCTCGGGC-3'

HPV 64 5-CCTAAGGCAGTCAGAAGAGATGT-3

HPV 67 5'-CTGAGGAAAAATCAGAGGCTAC-3'
5'-ATCCCCTCCAACAGCAAAG-3'

HPV 66  (MY83) S-ATTAATGCAGCTAAAAGCACATT-3'

(MY178)  $-CATGTCAGAGGGAACAGCC-3'
HPV68 (MY19])  S-CATACCGCTATCTGCAATCAG-3'
(MY194)  5-CTACTACTGAATCAGCTGTACC-3'

HPV 69 S-CAATCTGCATCTGCCACTT-3'
S'-GCCTTACCTTGCCTCCTACT-3

HPV 70 S“ATTGTCTGCCTGCACCGAA-3'
S'-AAGCTTGGTGGACACGTATA-Y

HPV 72 5'-TCGTGAGTATCTTCGCCAC-3'

F-CCTCCTCCTAAAGAAGATCCAT-3
(Y=TorC,W=TorA)
The hybridization protocol is as follows (for the E1 probes) (see Notes 5 and 6):

Each membrane include 5-10 different controls (consisting of amplified prod-

ucts from HPV plasmid or cell lines with integrated HPV DNA) and about 85—

90 patient samples,

Denature 5 puL PCR product in 100 pl. denaturing solution.

Incubate for 20 min at room temperature

Cut the membrane into size, 8 x 12 cm

Pre-wet the membrane 1n 2 x S8C

Put the membrane on a piece of filter paper to remove excess buffer,

Put the membrane on top of the sealing gasket,

Mount the apparatus

Apply the DNA samples.

. Turn the vacuum on and dram the wells

. Remove the fiiter from the dot-blot apparatus

. Put the membrane on a piece of filter paper to remove excess buffer.

. Remove excess PCR product by immersing the membrane in 400 mL hot water
(90°C) wath ~3 mL 10% SDS for 10—15 min.

. For hybridization, use a suitable plastic container with lid.

Add 10 mL of preheated hybridization buffer

Add 0.5 puL Streptavidin—POD conjugate and 4 pL probe (4 pmol/10 mL).

. Incubate at 42°C for 30 min.

. Discard the buffer solution.

Wash with stringency buffer

Wash in 1X PBS
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21 Mix 1:1 of the two ECL detection solutions (0.125 mL/cm? membrane)

22 Incubate exactly I min at room temperature n the dark.

23  Put the membrane on a sheet of filter paper to remove the excess flmd

24, Wrap the filter in a cling-film sheet.

25 Fasten the membranes 1n a cassette

26 Apply the film, and expose for 1 min.

27. Strnip the filter as in step 13, and apply a new probe

28 The filter can be stored by keeping 1t in cling-film at 4°C {see Notes S and 6).

For the MY probes, we refer for hybridization and washing conditions to the
oniginal descriptions (42,43).

3.4, Discussion

The number of methods described for HPV detection and diagnosis 1s
impressive. In general, methods based on detection of antibodies or native HPV
DNA or RNA are analytically less sensitive and sometimes also less specific
than PCR-based methods. Also, antibodies have been detected by serological
methods in cleared DNA infection on average [9.9 mo after a seroconversion
(14). This delayed signal may be informative in some studies, but presents a
problem if HPV serology is used for screening cervical disorders. Initially,
PCR-based detection of HPV was perceived as being too prone fo contamina-
tion, but this problem has subsequently been shown to be overestimated when
using appropriate routines for contamination control. As a consequence,
PCR-based methods have become wide-spread, in particular, for the analysis
of the limited DNA present 1n routine cervical smears.

The PCR-based methods described are all characterized by high sensitivity
in detecting a small 1mitial copy number of HPV, but none appears to be 1deal
for large-scale studies or routine analyses because of:

1 Many manual steps
2 Amplification and typing being performed as two independent procedures
3. The nested PCR systems being too sensitive to contaminatton

The method described 1n detail in this chapter for the E1 method was designed
to overcome some of the problems inherent in earlier methods. Thus, the PCR
assay was designed to have the sensitivity of nested PCR, but without the most
contamination-prone step in the procedure, i.e., the transfer of product from
the first to the second amplification reaction, by performing both reactions in
the same tube without opening. The subsequent typing procedure, using
hybridization with a series of oligonucleotides to membranes with PCR prod-
ucts, 1s admuttedly better suited for a research setting than a routine operation.
A somewhat more doable method would be to perform the typing in a microtiter
plate, with the different ohigonucleotide probes attached to individual wells,
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This would make the method more suited for complete typing of a few samples
at a time. However, an ideal method for HPV detection should include both
amplification and typing of HPV in a single assay. A number of technologies
for such homogeneous assays have recently been described, one of the most
promising being the 5'-exonuclease assay, which can be performed using
fluorophores (the TAQMAN assay) (44,45}, In this assay, the typing is per-
formed simultaneously with the amplification, through the release of fluoro-
phores from the probes included i the PCR, and the results are available
immediately after the PCR without further laboratory steps. The TAQMAN
assay also eliminates the problem of PCR products from previous or neighbor-
ing reactions contaminating the unamplified reaction, since the system 1s closed
and no products are released mnto the laboratory. Preliminary results of using
the TAQMAN assay with the E1 amplification system indicate that a combina-
tion of one-tube nested PCR and TAQMAN detection will be a sensitive and
robust method for HPV detection (Josefsson et al., unpublished). Such an
assay would fulfill many of the criteria for an ideal detection system for
infecticus agents.

4. Notes

1. To minimize contamination, we perform all DNA extractions in a dedicated room.
Change gloves frequently during the handling of materials While using the
humidity chamber, do not put the cervical smears too near to each other

2 To minmmize the risk of contamination, we have a dedicated room with areas for
clean reagents (without DNA) and others for adding DNA template to the PCR
reactions The PCR amplifications are done in a second room where all the ther-
mal cyclers ave kept When using nested systems that require opening the tubes
inbetween the two reactions, a third facility is employed. However, when using
the nested prnimer system of Ylitalo et al. {26), we do not have to open the tubes to
start the second round.

3. Purified BSA is useful in the PCR to bind Tag polymerase inhibitors present in
the extracted material. For experimental use, a concentration of 2.5 pg/pL has
been found to be appropriate

4 For detection of PCR products, NuSieve GTG agarose 15 used. This agarose has a
high resolution of nucleic acid fragments <1000 bp and can detect fragments as
small as 8 bp. Owing to its low viscosity, the agarose can be used at high concen-
trations (2—4%) DNA fragments are detected by using a low concentration of the
flucrescent, intercalated dye, ethidium bromde. As little as 1-10 ng of DNA can
be detected by direct examination of the gel under UV light (46).

5 Preheat the membrane after applymng PCR products, prior to hybridization 1n
order to wash off excess PCR product. To obtain repeatable results, it is impor-
tant to prewarm the hybridization and washing solutions to the different tempera-
tures Always include HPV controls in order to evaluate the stringency of the
hybridization. The crosshybridization between controls are eliminated through
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adjustment of the stringency If no signal 18 obtained from the appropriate con-
trol, the stringency of the wash was too mgh. The stnngency can then be lowered
either by increasing the salt concentration by a factor of two or by lowering the
washing temperature If crosshybridization between different HPV controls
occurs, dilute the SSPE twofold, The use of a 1X PBS-D wash gives a higher
signal-to-noise ratio. Samples that remain positive after the ehmination of all
crosshybrnidizations between the controls are considered HPV -positive Normally,
the intensity of the hybridization signal is correlated with the amount of PCR
product detected on the agarose gel.

Handle the blots with care, since physical damage gives a higher background and
causes difficulties when reprobing. ECL 15 a chemiluminescent detection system
that uses the luminol as a substrate for the enzyme horseradish peroxidase (HRP).
This detection solution can be used several times for about 1 h

References

2

Park, T W, Fujiwara, H, and Wright, T C. (1995) Molecular biology of cervical
cancer and 1ts precursors Cancer 76, 19021913,

Schiffiman, M. H and Brinton, L A, (1995) The epidemiology of cervical car-
ciogenests. Cancer Suppl 76, 1888—1901

Hippelainen, M, [, Syrjanen, 8., Hippelainen, M, I, Saartkoskt, S., and Syrjanen,
K. (1993) Diagnosis of genttal human papillomavirus (HPV) lesions 1 the male.
correlation of peniscopy, histology and in situ hybridisation. Genttourin Med. 69,
346-351

Galloway, D A. (1992) Serological assays for the detection of HPV antibodies

IARC Ser Publ 119, 147-161.

Kirnbauer, R , Booy, F, Cheng, N, Lowy, D R, and Schiller, J. T (1992)
Papillomavirus L1 major capsid self-assembles into virus-like particles that are
highly immunogenic. Proc Natl. Acad Ser US4 89, 12,180~12,184.

Hagensee, M E, Yaegashi, N., and Galloway, D A, (1993) Seif-assembiy of
human papillomavirus type 1 capsids by expression of the L1 protemn alone or by
coexpression of the L1 and L2 capsid proteins. J Virol 67, 315-322.

. Bonnez, W., Da Rin, C,, Rose, R C, and Reichman, R. C (1991) Use of buman

papillomavirus type 1! virtons in an ELISA to detect specific antibodies in humans
with condylomata acuminata. J Gen. Virol 72, 1343-1347

. Bonnez, W., Kashima, H, K., Leventhal, B., Mounts, P., Rose, R. C., Reichman,

R C,etal (1992) Antibody response to human papittomavirus (HPV} type 11 in
children with juvemile-onset recurrent respiratory papillomatosis (RRP). Viralogy
188, 384387,

Kirnbaner, R (1996) Papillomavirus-like particies for serology and vaccine
development Intervirology 39, 54-61.

Roden, R B. S, Greenstone, H. L., Kirnbauer, R., Booy, F. P, Jessie, 1., Lowy,
). R, etal (1996) In vitro generation and type-specific neutralization of a human
papillomavirus type 16 virion pseudotype J Virol 70, 5875-5883



Human Papiflomavirus 191

11,

12,

13

14,

15

16.

17.

18.

19,

20

21.

22,

23.

24.

Kitagawa, K., Yoshikawa, H., Onda, T., Kawana, T., Taketani, Y., Yoshikura, H.,
et al. (1996) Genome organization of buman papillomavirus type 18 in cervical
cancer specimens. Jpn J Cancer Res 87, 263268

Mandelson, M. T., Jenison, S. A. Sherman, K. J., Valenting, J, M,, McKnight, B.,
Daling, J. R., et al. (1992} The association of human papillomavirus antibodies
with cervical cancer risk Cancer Epidemiol. Biomarkers Prev. 1, 281-286
Jochmus-Kudielka, 1., Schneider, A , Braun, R., Kimmig, R., Koldovsky, V.,
Schnewes, K E , etal (1989) Antibodies against the human papillomavirus type
16 early proteins in human sera, Correlation of anti-E7 reactivity wath cervigal
cancer. J Natl. Cancer Inst 81, 16981703,

Carter, J J., Koutsky,L. A , Wipf, G. C,, Christensen, N. D., Lee, 5.-K.., Kuypers,
J, et al. (1996) The natural history of human papillomavirus type 16 capsid anti-
bodies among a cohort of university students. J Infect Dis 174,927-936.
Wang, Z., Hansson, G.-G , Forslund, O, et al. (1996) Cervical mucus antibodies
against papillomavirus type 16, 18 and 33 capsids in relation to presence of viral
DNA.J Clin Microbiol 34, 30563062

Kirnbauer, R., Hubbert, N. L., Wheeler, C M , Bechker, T. M., Lowy, D R, and
Schiller, I T et al (1994) A virus-like particle enzyme-linked immunosorbent
assay detects serum antubodies in a majority of women infected with human
papillomavirus type 16. J Nad Cancer Inst 86, 494—499,

Christensen, N. D., Reed, C A., Cladel, N. M, Hall, K., and Leiserowitz, G. S.
(1996) Monoclonal antibodies to HPV-6 L1 virus-like particles identify confor-
matonal and linear neutralizing epitopes on HPV-11 in addition to type-specific
epitopes on HPV-6 FVirology 224, 477-486.

Galloway, D. A. (1994) Human papillomavirus vaccines: a warty problem Infect
Agents Dis 3, 187-193.

Stacey, 8 N, Ghosh, A , Bartholomew, 1. S., Tindle, R W, Stern, P. L , Mackett,
M, et al. (1993) Expression of human papillomavirus type 16 E7 protein by
recombinant baculovirus and use for the detection of E7 antibodies in sera from
cervical carcinoma patients. J Med. Virol 40, 14-21.

Chardonnet, Y , Bejui-Thivolet, F., and Guerin-Reverchon, I (1992) Human
papillomavirus detection 1n cervical cells by in situ hybridization with brotinylated
probes. Cytopathology 3, 341-350.

Unger, E. R., Vernon, 8§ D., Thoms, W W., Nisenbaum, R., Spann, C. O.,
Horowitz, L. R., et al. {1995) Human papillomavirus and disease-free survival in
FIGO stage Ib cervical cancer. J Infect Dis 172, 11841190,

Brown, D. R, Bryan, J. T., Cramer, H., and Fife, K. H. (1993) Analysis of human
papillomavirus types in exophytic condylomata acuminata by hybnd capture and
Southern blot techniques J Chin Microbiol. 31, 26672673

Samoylova, E. V., Shatkhaiev, G. O., Petrov, 8, V., Kisseljova, N, P,, and
Kisseljov, F. L. (1995) HPV infection in cervical-cancer cases in Russia. Jnt. J.
Cancer 61, 337341,

Duggan, M A, Benoit,J] L, McGregor, 8. E., Nation, I. G, Inoue, M., and Stuart,
G, C. (1993) The human papillomavirus status of 114 endocervical adenocarci-
noma cases by dot blot hybridization. Hum Pathol. 24, 121-125.



192 Josefsson, Magnusson, and Gyllensten

25

26

27.

28,

29

30.

31

32

33

34.

35

36,

37

33

Farthing, A., Masterson, P., Mason, W P, and Vousden, K H (1994) Human
papillomavirus detection by hybrid capture and its possible clmical use J Clin

Pathol 47, 649652,

Yhtalo, N., Bergstrom, T, and Gyllensten, U. (1993} Detection of genital human
papillomavirus by singie-tube nested PCR and type-specific oligonucieotide
hybridization J Chin. Microbiol 33, 1822-1828

Bernard, C., Mougin, C., Bettinger, D, Didier, ] M, and Lab, M {1994) Detec-
tion of human papitlomavirus by m sitw polymerase chain reaction in paraffin-
embedded cervicat biopsies Mol Cell Probes 8,337-343

Smuts, H. L., Bollen, L. J, Tjong, A H. 5. P., Vonk, J., Van Der Velden, I,
Ten Kate, F 1, et al. (1995) Intermethod variation 1n detection of human papillo-
mavirus DNA n cervical smears J Chin Microbiol 33, 2631-2636

Hecht, J. L, Kadish, A S, Jiang, G, and Burk, R D {1995) Genetic character-
1zation of the human papillomavirus (HPV) 18 E2 gene in chinical specimens sug-
gests the presence of a subtype with decreased oncogensc potental. fnt J Cancer
60, 369-376.

Kosel, S. and Gragber, M B. (1994} Use of neuropathological tissue for moiecu-
lar geneuc studies. parameters affecting DNA extraction and polymerase chain
reaction. Acta Newropatho! 88, 19-25

Higuchy, R. (1989) Rapid, efficient DNA extraction for PCR from cells or blood

Amplifications 2, 1-3

Chua, K, L. and Hjerpe, A (1995) Polymerase chain reaction analysis of human
papiilomavirus in archival cervical cytologic smears Anal Quant Cytol Histol
17,221--229

Resnick, R. M., Comelissen, M. T, Wright, D. K, Eichinger, G. H,, Fox, H §,
ter Schegget, J, et al. (1990) Detection and typing of human papillomavirus in
archival cervical cancer specimens by DNA amplification with consensus prim-
ars. J Natl. Cancer Inst. 82, 1477-1484

Yee, C., Krishnan-Hewlatt, I, Baker, C., Schlegel, R, and Howley, P. (1983)
Presence and expression of human papillomavirus sequences 1n human cervical
carcinoma cell lines Am J Pathol 119, 361-366.

Schwarz, E., Freese, U., Grissman, L., Mayer, W., Roggenbuck, B., Stremlau, A.,
et al. (1985) Structure and transcription of human papillomavirus sequences in cer-
vical carcinoma cells, Nature 314, 111-114.

Chen, C. M., Shyu, M. P., Ay, L C, Chu, H. W, Cheng, W T., and Choo, K B

(1994} Analysis of deletion of the integrated human papillomavirus 16 sequence
in cervical cancer a rapid multiplex polymerase chain reaction approach J Med

Virol, 44, 206211,

Suzuki, T., Tomita, Y , Nakano, K, Shirasawa, H , and Simizu, B {1995) Dele-
tion in the L1 open reading from of human papiilomavirus type 6a genomes asso-
clated with recurrent laryngeal papilloma. J Med Virol 47, 191-197

Manos, M. M , Ting, Y., Wrnight, D K., Lewis, A J, Broker, T R, and Wolnsky,
S, M. (1989) The use of polymerase chain reaction amplification for the detection
of genital human papillomavirus Cancer Celis 7, 209214



Human Papillomavirus 193

19.

40.

41.

42,

43

44.

45

46,

De Roda Husman, A M., Walboomers, J. M., van den Brule, A 1., Meijer, C. J,
and Smjders, P. J. (1995) The use of general primers GP5 and GP6 elongated at
their 3' ends with adjacent highly conserved sequences improves human paptllo-
mavirus detection by PCR. J Gen Virol 76, 10571062,

Campione-Piccardo, J., Montpetit, M L., Gregoire, L., and Arella, M. (1991) A ghly
conserved nucleotide string shared by all genomes of human papillomaviruses.
Virus Genes 5, 349357

Evander, M. and Wadell, G. (1991) A general primer pair for amplification and
detection of genital human papullomavirus types. J Virol. Methods 3%, 239250
Hildesheim, A , Schuffman, M H, Gravitt, P E, Glass, A G., Greer, C. E,
Zhang, T., et al. (1994) Persistence of type-specific buman papillomavirus infec-
tion among cytologically normal women J. Infect Dis 169, 235-240.

Qu, W, Jiang, G., Cruze, Y., Chang, C. J., Ho, G Y. F.,Klein, R 5., ¢tal (1997)
PCR detection of human papillomavirus: Comparison between MY0¥/MY 11 and
GP5+/GP6+ primer systems. J Clin. Microbiol. 38, 1304-1310.

Holland, P. M, Abramson, R D, Watson, R., and Gelfand, D H (1991) Detec-
tion of specific polymerase chain reaction product by utilizing the 5'-3' exonu-
clease activity of Thermus aquaticus DNA polymerase Proc Natl Acad Sc
USA 88, 7276-7280.

Livak, K. J, Marmare, J, and Todd, J. A. (1995) Towards fully automated
genome-wide polymorphism screeming Nature Genet. 9, 341,342,

Sharp, P. A, Sugden, B., and Sambrook, I. (1973) Detection of two restriction
endonuclease activities 1n haemophilus parainfluenzae using analytical agarose.
Brocherustry 12, 3055



12

Quantitation of HIV-1 RNA
in Dried Plasma Spots (DPS)

A Field Approach to Therapeutic Monitoring

Sharon A. Cassol, Francisco Diaz-Mitoma,
and D. William Cameron

1. Introduction

The ability to measure accurately viral RNA in the plasma (1—3) and intrac-
eltular (4—7) compartments of HIV-1-infected persons has led to a dramatic
improvement in our understanding of the natural history of HIV-1/AIDS. A
number of recent studies have convincingly demonstrated that high levels of
viral replication occur at all stages of disease (8—10), and that changes in viral
RNA load are predictive of disease outcome (11,12) and response to therapy
(13,14). These findings, combined with the introduction of potent new
antivirals (135, 16), have stimulated a growing interest in viral load monitoring,
both as a function of disease status, and as a predictor of disease progression
and therapeutic efficacy.

The most commonly used quantification methods measure HIV-1 virion
RNA levels in plasma, either by the reverse transcriptase polymerase chain
reaction (RT-PCR) (17-19) or the branched DNA (bDNA) signal amplifica-
fion assay (20,21). As currently formatted, both assays are performed on fresh
plasma processed within 46 h of collection, or on cryopreserved plasma that
has been separated from whole blood and frozen immediately after collection
at—20°C or colder. If in-house quantification is not available, the frozen plasma
is then shipped on dry 1ce to a designated reference laboratory for analysis.
These specialized handling requirements render the technology unsuitable for
use in developing countries, where dry ice is unavailable, and facilities and
resources are limited. Simple and improved methods that eliminate the need
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for cryopreservation, and extensive on-site processing and analysis would be
mghly advantageous.

The collection of blood specimens on filter paper blctiers (Guthrie cards)
provides an innovative and powerful approach for the PCR-based analysis of
HIV-1 ¢22,23,25-29). Using filter paper sampling, large numbers of difficult
field specimens can be systematically collected, dried, and shipped without
cryopreservation (29) or biosafety hazard (30). Since first introduced for
HIV-1 genetic testing in 1991 (22), dried whole-blood specimens, in combina-
tion with DNA PCR and sequencing, have been used to screen rapidly for the
presence of virus m newborns (23-25,31}, monitor the emergence of drug-
resistant mutations {26), characterize the genotype of transmatted virus (26),
and track the spread of HIV-1 subtypes n Asia (27).

This chapter will descnibe the extension of filter paper technology to the
quantification of HIV-1 RNA 1n dned plasma. After the plasma has saturated
the filter, it 1s simply air-dried, placed 1n a hugh-quality bond envelope (36),
and shipped at ambient temperature to a suitable reference or research labora-
tory for RNA extraction and analysis using modifications of a commercially
avatlable RT-PCR kit. When evaluated under a variety of different environ-
mental conditions and across the spectrum of HIV-1 disease, and the resulis of
dried plasma testing were biologically equivalent to those obtained using more
conventional HIV-1 RNA quantification methods (Fig. 1). It is anticipated that
dried plasma spots (DPS) will prove particularly valuable for monitoring thera-
peutic efficacy among 1solated and hard-to-reach populations and to assess viral
replication kinetics in patients infected with different HIV-1 subtypes.

2. Materials

Blood collection tubes with EDTA anticoagulant (see Note 4)

Blood collection paper (Schlewcher & Schuell, Keene, NH) (see Note 7).
AMPLICOR HIV Momtor Kit (Roche Molecular Systems, Somerville, NJ).
PE 9600 Thermocycler (Perkin-Elmer, Foster City, CA).

Miecrofuge.

Multichannel pipetter

Microwell plate washer and reader with computer.

Thermomixer

Vortex mixer

Micropipets, adjustable volumes 1-1000 pL.

R e

—

3. Methods
3.1. Preparation of Dried Plasma Spots (DPS)

Manipulation of infected blood specimens should be performed under strict
biosafety precautions (see Note 1) (32), and 1n an environment that is free of
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Fig. 1. Regression analysis of viral RNA measurement in paired DPS and fresh
frozen plasma. DPS were (A) refrigerated or {B) stored at room temperature (20°C)
for 7 to 16 days. (Figure taken from ref, 38).

contaminating PCR amplicons and cloned viral sequences (see Note 2) (33). A
variety of different techniques are acceptable for the preparation of plasma,
provided that there is no substantial mhibition of subsequent PCR amplifica-
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tion reaciions and that the same procedure 1s used throughout an entire study
(see Note 3). The following protocol 1s routinely used in our laboratory.

1.

2.
3.

Collect whole blood by venipuncture in Vacutainer tubes contaming EDTA as
the anticoagulant {see Note 4).

Transport tube to the virology [aboratory at room temperature.

Centnfuge tube at 1200g for 20 min at room temperature to separate plasma from
whole blood. For reliable results, plasma separation should be completed within
6 h of blood collection (see Notes 3 and §).

Remove the separated plasma, and transfer to a new sterile tube

Using a micropipetter and sterile plugged tips, apply 50-pk aliguots of the clari-
fied plasma to individual circles of a standard sewborn screening blotter
(8chlescher & Schuell, #903) (see Notes 6 and 7).

Aut-dry for at least 3 h 1n a biological safety cabinet, when possible

If shipping 1s required, place each labeled filter in an individual bond envelope
contatning desiccant (see Note 8).

Seal envelope and enclose in a second, outer bond envelope, and ship to a refer-
ence laboratory by courier at ambient temperatures (see Note 9)

At the reference laboratory, the DPS can be analyzed immediately, or they can be
stored frozen at —70°C and used for “batch testing” and retrospective analysis
(see Note 10).

3.2. Reagent Preparation

Although different in-house methods exist for the extraction, reverse tran-
scription, and amplification of HIV-1 RNA, we have opted to use a commer-
cially available, quality-controlled kit, the Roche HIV-1 Momnitor assay (see
Notes 11 and 12). The use of a commercial method maximizes reproducibility
and renders the technology suitable for large-scale efficacy testing 1n clinical
triais. At the time of analysis (in the research or reference laboratory):

1,

Prepare a working lysis reagent by adding a known amount (25 ) of Quantitation
Standard RNA (QS RNA} to one bottle of lysis reagent (AMPLICOR HIV-{
Momtor Kit, Roche) (see Note 13} The QS RNA acts as an internal standard to
moniter the effictency of sample preparation, reverse transcription, and amplifica-
tion. The pink dve confirms the presence QS RNA in the extraction reagent.
After determining the number of quantificattons required, prepare the appropri-
ate amount of PCR reaction mix For {2 quantifications, mix 100 pL of manga-
nese solution with one tube of master mix {AMPLICOR HIV-1 Monitor Kit).
Dispense 50 pL of the working master mix isto PCR reaction tubes in a
MicroAmp™ tray. Seal the tray m a plastic bag and transport to the specimen
preparation area.

3.3. RNA Extraction

1

Excise each circle of dried plasma (approx 1.0 cm?) using clean, acid-depurninated
scissors, cut in three pieces, and place in a 1.5-mL screw-cap microfuge tube
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8.
9.
10.
it.

Use a different pair of scissors for each patient and each control specimen
(see Notes 14 and 15)

Reconstitute the dried plasma by adding 200 uL of sterile, dicthylpyrocarbonate-
treated water 1o each tube.

. Duspense 600 plL of working Iysis reagent (containing QS RNA) inte each tube,

cap, and incubate for §5 min at 65°C with continuous shaking on an Eppendorf
Thermomixer set at 1000 rpm to exiract the RNA (see Note 16).

Followng incubation, transfer 750 puL. of the supernatant to a new tube.

Add 750 pL. of 100% 1sopropanol, recap, and vortex briefly (35 s) to precipatate
the RNA

Centrifuge at ~16,000¢ for 15 min at room temperature.

Aspirate the supernatant, taking greai care not to disturb the RNA pellet on the
outer shoutder of the tube Use a fine-tipped, stertle transfer pipet or a pipeting
device with disposable tips. It 1s important to maintain a constant negative pres-
sure during removal of the hgmd.

Wash the peliet with 1 0 mL of 70% ethanol. Recap and vortex (3-5 s).
Recentrifuge at ~16,000g for 5 nun at reom temperature.

Again, carefully aspirate the supernatant without disturbing the pellet.

Add 100 pL of specimen diluent (AMPLICOR HIV-1 Monitor Kit), recap, and
vortex vigorously for 10 s to resuspend the extracted RNA (see Note 17).

3.4. Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR}

Pipet 50 pl. of each patient RNA and control specimen into the appropriate
PCR tube containing 50 pL of working master mix (see Subheading 3.2,
step 2). Cap the tubes, record specimen posstions, and proceed with amplifica-
tion and detection, exactly as specified in the Amplicor Monitor package insert
(steps 1--14 below).

1.

2,

Piace tubes in a Perkin-Elmer 9600 thermocycler and amplify as follows:

Hold 2 min at 50°C

Hold 30 min at 60°C

4 Cycles 10 sat95°C; 105 at 55°C; 10 s at 72°C

26 Cycles 105 at 90°C; 105 at 60°C; 10 5 at 72°C

Hold 15 mun at 72°C
Remove the tray during the final 72°C hold program, and using a multichannel
pipetier, add 100 pL of momtor denaturation solution, Mix and analyze immedi-
ately, or store denatured amplicons at 2-8°C for up to 1 wk.
At the tine of analysis, remove an Amplicor Monitor microwell plate from the
refrigerator, allow the plate to warm to room temperature, and add 100 pL. of
hybridization buffer to each nicrowell. The (ndividual microwells have been
precoated with HIV-!-specific (rows A-¥), and QS-specific (rows G and H) oli-
gonucleotide probes
Add 25 pl of each denaturated ampiicon to a separate well in row A and make
serfal fivefold dilutions in the HIV-1 wells in rows B—F. Pipet each dilution up
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and down 10 tumes to mix. After the final dilution in row F, mix as before and
discard 25 pl. of the muxture.
5 Add 25 pl of each denatured amplicon to the corresponding QS well 1 row G
Make one fivefold dilution into row H, mix, and discard 25 uL of the mixture
6 Cover the plate, and hybridize for t hat 37°C
7 Wash the plate five tume with working wash solistion in an automated plate
washer
8 Add 100 uL of avidin—horseradish peroxidase conjugate to each well, cover, and
incubate for 15 mun at 37°C.
9 Wash the plate as described in step 7, and add 100 pl. of substrate solution
Allow calor development to proceed for 10 mun in the dark at room temperature
10 Add 100 ul. of stop reagent to each well, and within 10 min, measure the optical
denstty at 450 nm
11 Choose the HIV-1 well with the lowest OD value in the range 0f 0.200-2.000 OD
units. Subtract background (0.070 OD), and multiply by the dilution factor asso-
crated with that well
12 Choose the QS well with the lowest OD value 1n the range 0 300-2.000 OD units
Subtract background (0 070 OD), and multiply by the dijution factor associated
with that well.
13, Calculate HIV-1 RNA copies per mL of plasma according the following formula

HIV-1 RNA copies/mL plasma = (Total HIV-1 OD/Total QS OD)
x input QS copres/PCR reaction x 40

14. If the Q8 OD value falls within the expected range (0.300-2.000), but the HIV-1
OD value hies below 0.200, report the result as “No HIV-1 RNA detected,
<200 copies/mL plasma.”

(h

3.5. Discussion and Future Directions

Few studies have specifically addressed 1ssues of specimen processing,
transport, and analysis in isolated and developing country regions. Given that
the developing world bears a disproportionate share of the global HIV-1/AIDS
burden (34,35) and that climical trials are planned for many of these country
regtons, there 1s an urgent need for innovative technologies that can be widely
applied to the quantification of HIV-1 RNA n field specimens.

The filter paper method described in this chapter offers substantial prom-
ise for large-scale therapeutic monitoring in developing, as well as devel-
oped countries, particularly in the pediatric setting where only minute
amounts of samplies are available. Based on the ease, economy, and safety
of transporting filter papers, combined with unexpected and marked stability
of HIV-1 RNA in dried specimens, and the biologtcal equavalency of dred
and cryopreserved plasma specimens, 1t is anticipated that the DPS method
will continue to be refined and evaluated as a practical tool for monitoring
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the effects of drugs, vaccines, and other interventions on viral burden. In
particular, it will be important to simplify the procedure further to elimi-
nate the need for an initial, on-site, low-speed centrifugation to separate
the plasma. Elimination of this step would broaden the applicability of
the method and render 1t suitable for use in geographic regions that lack
electricity.

4. Notes

1. Umiversal precautions are to be used whenever handling blood or other poten-
tially infectious specimens. Essential precautions include the availability of
adequate hand-washing facilities and appropriate work practice protocols, as well
as the proper use of waming labels and protective equipment, such as gloves and
lab coats, the routine decontamination of work areas, and the proper disposal of
waste material.

2. To reduce the sk of false-positive results and inaccurate quantification, we
routinely use in-house and commercial assays that incorporate uracil-N-
glycosylase (UNG) for the prevention of PCR product carryover contamina-
tion Although this approach is highly effective in controlling against small
amounts of contamination, it is not a substitute for the extreme care that 1s
required of all PCR-based technologies. Other umiversal precautions to guard
against carryover of PCR amplicons and cloned sequences include performing
sample processmg, pre-PCR, amplification, and detection in separate laborato-
ries or biological safety cabinets, using designated pipetters and plugged tips,
cleanming work areas with bleach after each assay, using disposable gloves that
are changed frequently, and aliquoting reagents in small volumes suitable for a
single assay,

3. Toachieve accurate and reproducible quantification, it is important that cells and
platelets be effectively removed from the plasma preparation and that the same
specimen processing procedure be used for alt comparative studies ¢36). If cells
are not removed from the preparation, HIV-1 DNA will be amplified in addition
to viral RNA Platelets, if present, may confound quantification by binding small
amounts of circulating virus To remove these components, the Roche Monitor
assay recommends a single centrifugation at 800-1600g for 20 min or
longer. Other methods have used a two-step protocol mnvolving a low-speed
centrifugation at 400—800g for 20 min, followed by removal of the plasma and
recentrifugation for an additional 20 min at 800g. Despite these differences, it is
reassuring that several commercially developed assays are giving comparable
HIV-1 RNA quantification results. In the near future, however, it is likely that
methods will become increasingly standardized and that consistent guidelines
will be developed to minimize interassay and interlaboratory variability. This 1s
especially important for RT-PCR, where small differences m HIV-1 target
RNA, when exponentially amplified, can lead to substantial vanations in PCR
product yield,
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4 Although heparin, acid-citrate-dextrose (ACD), and citrate cell preparation tubes
{CCPT) have been successfully used for collection and quantificabon of HIV-1
RNA in plasma, EDTA 1s now e¢merging as the preferred anticoagulant. Hepatin-
1zed samples require a rather tedious extraction with silica to purify the RNA and
prevent heparin inhibition of PCR. Citrate, which is used n solution, dilutes the
plasma by an unknown amount (~15%) and leads to variable resuits

5. Early studies recommended that the plasma be processed within 2-3 h of coflec-
tion to preserve the integrity of the viral RNA. However, with increased expen-
ence and, as shown 1n this chapter, it is becomingly apparent that the HIV-1
virion RNA in plasma is motre stable than previously appreciated, presumably
owing to the protective presence of the viral coat, As a result, the 2-3 h process-
ing time has now been extended to 6 h

6 All steps 1n the collection, isolation, and extraction procedure, as well as han-
dling of the filter papers, should be performed using aseptic techmques to pre-
vent degradation of the RNA by nucleases. This 1ncludes the use of sterile tubes,
pipet tips, and reagents, as well as the wearing of disposable gloves

7. We have routinely used Schleicher & Schuell #903 paper, eriginally designed for
neonatal metabolic screening, as en absorbent matrix and noninfectious transport
system (22,23,25-29} Thas collection device consists of a blotter containing five
I-cm? circles for specimen coliection and sturdy paper overlay that covers
the absorbent blotter and dried sample. A 50-pL aliquot of plasma saturates the
circle and may extend shightily beyond In future studies, it may be possible to use
blotters that have been preimpregnated with 2 M guanidine thiocyanate (37} or
other preservatives to reduce the nsk of microbial contamination.

& The plasma spots should be thoroughly dried at room temperature before covenng
them with the attached paper overlay and sealing them with high-quality, sturdy
envelopes, preferably ones that are air-permeable and water-resistant. In regions of
excesstve humudity, 1t may be prudent to air-dry in the presence of desiccant The
plastic seal-a-bags used in some early studies are to be avoided, since they release
undesirable chemicals and cause heat build-up, leading to specimen degradation

9 When double-packaged using two extra-strong bond envelopes, as recommended
by the Centers for Disease Control in Atlanta (36}, filter specimens can be safely
shipped and transported by mail or courier

10. Real-time analysis may be required to determine eligibility for a climical trial, or
to alter therapy, whereas batch-testing of serially collected samples may be more
appropriate for evaluating therapeutic efficacy in large-scale, blinded trials

11 HIV-1 RNA gquantification is still technically challenging, requinng skilled tech-
nologists, stringent quality controls, and standardized reagents and protocals At
present, quantification assays are best performed 1n a controlled setting using
commercial technology Three assays that show significant promise n this regard
are the bDNA assay from Chiron (28,21), the AMPLICOR RT-PCR assay from
Roche (17~19), and the NASBA amplification system developed by Organon
Teknika. Although each assay has its strengths and limitations, the results appear
to be closely related. RT-PCR was selected for this study, since 1t 1s currently the
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12

13

14,

15

16.

18.

most sensitive assay, 18 reachly available, and requires the least amount of speci-
men, although a small-volume assay with improved sensitivity is currently under
development at Chiron. A disadvantage of RT-PCR 1s that it requires a high level
of technical skill to avoid crosscontamination of amplification reactions, [n addi-
nion, since RT-PCR 15 based on the exponential amplification of HIV-1 RNA
target sequences, small changes in sampie processing can alter the input RNA
copy number and lead 1o significant variation in the final PCR signal With respect
to PCR, there has also been some concern that a single set of primers may not
recognize all HIV-1 subtypes equally. This would tead to nonuniform, differen-
tial amplification across HIV-1 subtypes. Strict quality control and judicious
selection of primers are needed to avoid these potential pitfalls,

Of particular note for filter paper methods 1s the potential of the NASBA assay.
Although not extensively tested 1n the clinical setting, a major advantage of
NASBA 1s its ability to amphify RNA selectively in the presence of whole-blood
DNA. In the future, it will be wnportant to determine whether NASBA can be
applied to dried, whole-blood spots. The ability to use whole blood, rather than
plasma spots would further simplify HIV-1 field studies by eliminating the need
for on-site separation and isolation of plasma

To compensate for the smaller plasma volume of DPS specimens (50 pL instead
of the 200 pL routinely used for fresh or cryopreserved plasma) and to mamtain
the same relative ratio of QS RNA to specimen RNA, the amount of QS RNA
used o prepare the working lysis reagent has been reduced from 100 to 25 pL.
To depurinate and prevent crosscontamination between specimens, scissors are
routinely washed in 0.25 ¥ HCI for 10 min followed by a thorough rinsing 1n
sterile water

In addition to clinical specimens, it is recommended that at least one negative
and three positive controls be included in each DPS RT-PCR assay. Controls are
prepared by applying measured aliquots (50 pL} of pooled plasma (from
uninfected individuals, and infected individuals with known low-, intermediate,
and high-HIV-1 RNA copy number) to replicate sets of no. 903 Schleicher &
Schueil filter paper. After ar-drying n a laminar flow hood, individual filters
can be enveloped and stored at —70°C for use as referenice standards.

DPS are heated at 65°C to ensure that the RNA is efficiently eluted from the filter
and to eliminate any RNA secondary structure.

Again, the amount of specimen diluent has been reduced (from 400 to 100 pL) to
compensate for the smaller volume of dried plasma specimens. When adjusted in
this manner, the RNA input into the PCR reaction is identical to that used in
conventional “fresh plasma™ assays.

The Amplicor HIV Monitor test involves RNA extraction 1n guanidine thiocyan-
ate, precipitation with 1sopropanol, RT-PCR amplification of a 142-bp HIV-1 gag
sequence using biotinylated primers, and a single thermostable enzyme (rTth DNA
polymerase) that has both RT and DNA polymerase activities. Serial dilutions of
the biotinylated PCR product are hybridized to individual wells a microwell plate
coated with HIV-specific and QS-specific oligonucleotide probes and quantified
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19,

1n an avidin-horseradish peroxidase colonmetric reaction The input HIV-1 RNA
copy number is then calculated from the known copy number of the QS RNA
standard (Amplicor HI'V Monitor package msert, Roche Molecular Systems)
Since preparation of this chapter, accurate quantification of HIV-1 RNA from dried
plasma and dried blood spots (DBS) has been achieved using NASBA/Nuclisense
technology (38—46). As with the AMPLICOR method, thete 15 strong correlation
between viral RNA levels in hquid plasma, dried plasma, and dried whole blood.
In patients with primary HIV-1 infection, the testmg of DPS/DBS allows accurate
measurement of viral RNA during the initial spike of viremia, and in the subse-
quent period of suppressed viral replication. In the pediatric setting, testing of
dried filters 1s facilitating natural history and peninatal intervention studies 1n both
developed and developing countries (39,44, manuscripts in preparation)
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Coliection and Processing of Seminal Plasma
for the Quantitation of HIV-1 RNA
by NASBA and RT-PCR

Susan A. Fiscus and Myron S. Cohen

1. Introduction

Semen is the major vehicle for the sexual transmission of HIV-1. The ability
to isolate infectious HIV from the semen and to quantitate viral burden 1n the
form of cell-free or cell-associated HIV-1 RNA in semen are important for
epidemiologic and public health aspects of the epidemic. Earlier studies used
viral culture to detect HIV in semen. Cell associated culturable virus recovery
rates ranged from 8 to 55% (7-8). Much lower recovery rates (3—15%) were
reported by these investigators for cell-free seminal plasma. In general, subjects
with lower CD4 counts, higher seminal plasma viral load (>3.54 log,o), and an
AIDS diagnosis were more apt to have positive seminal cell HIV cultures

More recently, quantitative HIV RNA and DNA assays have been employed
(6,8—13). Overall these studies have demonstrated that 60~75% of men shed
HIV RNA in the seminal plasma and that 65-80% bhave detectable HIV DNA
in seminal cell pellets. Recent crosssectional studies using commercially avail-
able RNA kits have concluded that seminal plasma RNA levels are signifi-
cantly correlated both with blood plasma RNA levels (8,11), and the recovery
of infectious virus from seminal cells (8 9), but not with CD4 cell count
(8.9,11), stage of disease (8,9) or antiviral therapy (8,9, 11). In contrast (o the
crosssectional analyses, longitudinal studies have demonstrated that the amount
of HIV RNA in seminal plasma increases with time in individuals who progress
to AIDS (16), and decreases with effective antiviral therapy (11,16,17). Anti-
biotic treatment of pathogens causing urethritis, especially gonorrhea, can also
reduce seminal plasma viral load (78). In addition, since the viral burden in
genital secretions may serve as a reservoir in patients who have had their virus
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seemingly eliminated from the peripheral blood, the quantitation of virus in
semen has become a major focus of clinical trials. The following protocols can
be used for conducting studies involving semen.

2. Materials
2.1. Collection of Semen

Gloves
Sterile specimen cups.

15 mL conscal centrifuge tubes.
5 mL pipets,

1.5 mL—2.0 mL sterile cryovials.
Sterile 100 mL brown or foil wrapped bottle.
Benzidine stock solution: Dissolve 123 mg benzidine (Sigma, St. Louis, MO) in
50 mL 96% ethanol. This may take as long as 24 h, Add 50 mL distilled water.
Store in a brown bottle at room temperature. Label with a one year outdate

Working benzidine solution - To 2 mL stock benzidine solution add 25 pl of

3% hydrogen peroxide. If kept in a brown bottle, this will last for several months
at room temperature. However, since contamination with peroxidase can fre-
quently occur, it 1s probably best to make this up fresh daily.

8. Centrifuge,

9. Microscope.
10. Pipet aid
11. 200 and 1000 pl Pipetmen.

2.2, HIV-1 RNA Quantitation Assay (Roche Monitor Assay)

DEPC distilled water.

Trizma Base.

Concentrated HCIL

Guanidinium thiocyanate.

Triton-X 100,

Silicon dioxide (Sigma).

0% Ethanol.

Acetone (reagent grade >99% pure).

EDTA.

0.2 M EDTA, pH 8.0: add 9 g EDTA to 121 mL DEPC distilied water and
check pH.

. L2 Boffer (2 L):

Dissolve 24.22 g Trizma base in 1600 mL DEPC distilled water,
Adjust pH to 6.4 with concentrated HCl {(approx 15.5 mL).

Cool to room temperature.

Check pH and readjust to pH 6.4.

Add DEPC water to 2000 mL.

Store at room temperature in the dark.
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12. L2 Washing Buffer (approx 2 L):
a. Dissolve 1200 g GuSCN 1n 1000 mL L2 buffer. Heating to 60—65°C with
shaking facilitates this process.
b. Store at room temperature in the dark,
13. L6 Lysis Buffer (approx 1 L):
a. Dissolve 660 g GuSCN 1n 550 mL L2 buffer (NOT washing buffer), Heating
to 60-65°C with shaking factlitates this process.
b. Add 121 mL 0.2 mL EDTA, pH 8.0
¢ Add 14.3 g Triton-X-100
d. Mix and store at room temperature in the dark.
14. Silica Reagent:
Place 60 g silicon dioxide in a 500 mL glass cylinder.
Add dH,0 to 500 mL and allow to stand overnight at room temperature
Remove supernatant (approx 430 mL}) by suction.
Add dH,0 to 500 mL and shake vigorously to resuspend silica
Let stand 5 h at room temperature.
Remove supernatant (approx 440 mL) by suction.
Adjust pH to 2 0 with approx 400 puL of concentrated HCI.
Dispense in glass containers and autoclave for 15 min
i Store at room temperature in the dark.
15. Roche Monitor kit
16 2 mL Sarstedt tubes.
17. Vortex mixer
18 Microcentrifuge (212,000g).
19, Transfer pipets with thin tips.
20 Dry heating block at 56°C
2Z1. Water bath.
22  Aspiration device,
23, pH Meter.
24 Mixer
25. P1000 and P200 pipettors.
26. Acrosol barrier pipet tips.

2.3. In House HIV-1 RNA Quantitation Assay

Tri-reagent (Molecular Research Center, Cincinnati, OH, TR 118.500)
D-PBS {GIBCO-BRL, Gaithersburg, MD, # 14190-144).

Chloroform (Sigma, St. Louis, MO, #C 6038 or #C 2432).

Giycogen (Boehringer Mannheim, Indianapolis, IN, #901-393).

70% Ethanol.

Carrier tRNA, 7.5 Kb poly A (GIBCO-BRL, # 15621-014). Store at —80°C",
Isopropanol.

RNasin (Promega, Madison, W1 # N2514).

DTT (Boehringer Mannhemm, #100-032)

. BSA, Acetylated (Sigma, # B2518).
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11 DEPC deiomzed water (Quality Biologicals, Gasthersburg, MD, 50-125-1);
12. RNA Suspension Buffer.
a. Add 25 pL RNasin, 40 U/uL, and 10 puL. 0.1 A DTT to 9635 pL stertle water
b. Store at —20°C or -80°C.
{3 Poly A RNA Carrier:
a. Add 1 pL of I yug/mL 7.5 Kb poly A RNA to | mL DEPC deronized water
b Store at —80°C.
14. BSA Solution.
a. Add 12.5 pL of 20 mg/mL BSA to 50 mL of D-PBS
b Store at 4°C.
15 2 pg/mL Glycogen Stock:
& Add 0.1 mL of 20 yg/mL Glycogen to 0.9 mL DEPC deionized water,
b. Store at —80°C
16 152 mL Stenile microfuge tubes.
17 Pipet tips.
18. Fine-tipped transfer pipets
19. Gloves.
20. Microcentrifuge.
21  Water bath or heat block
22 Pipetmen.
3. Methods
3.1. Collection and Processing of Semen

I The subject should refram from sexuai activity for 48 h prior to donation,

2 The subject should wash his hands and penis and then use an antiseptic toweleito
wipe the head of the pemis including the opening If the subject 18 uncircumceised,
the foreskin should be pulled back before cleaning the head and openmg.

3 The subject should masturbate and collect the specimen in a sterile container
The tune that the specimen was produced should be noted on paper work accom-
panying the specimen. The container shouid be placed mn a z1p-lock bag and then
in a brown paper bag and transported to the clinic and then to the lab rapdly,
within 4 h1f possible

4  Allow hiquefaction of the semen to occur. This typically occurs within 30-60 mm
of specimen collection

5 Transfer the sample to a conical centrifuge tube using a pipet and measure and
record the volume of semen

6. Count the cells using the Endtz test (79,28} to document inflammation

a. Place 20 pul of liquefied semen in a mucrofuge tube, add 20 pul phosphate
buffered saline, and 40 pl. of working benzidine solution

b Vortex briefly and allow to sit at room temperature for 5 min.

¢. Count brown staining (peroxidase positive) cells 1n the four large squares of a
hemacytometer

d. Caiculate and record the number of peroxidase positive cells/gjaculate =
Brown cells in all 4 squares x 16*, Inflammation 1s considered present when
there are 2 | x 10° peroxidase positive cells/mL of semen.
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7 Cenirifuge 600—-800g for 10 mun.
8. Remove supematant, aliquot into 0 5 mL aliquots, and freeze at —70°C

3.2. Seminal Plasma HIV-1 RNA Quantitation Protocol

There are probably as many versions of this as there are investigators working
in this field. One thing is clear: there are factors in seminal plasma that inhibit
the PCR reaction unless they are removed. The standard Roche RNA isolation
method does not remove these inhibitors (9-11). Options are to use Boom’s
silica bead extraction assay (21), use Organon Teknika RNA assays that mclude
the silica bead extraction procedure, or pellet the virus using ultracentrifuga-
tion. Here are some of the options. {See Note 1.)

3.2.1. Organon-Teknika

Use Organon Teknika’s NASBA assay following the manufacturer’s
instructions except use the diluted calibrators to get increased sensitivity at the
lower end of the dynamic range, or use Organon-Teknika’s NucliSens assay
following instructions found in the package insert. (See Note 2.)

3.2.2. Roche Monitor Assay
3.2.2.1. PROCEDURE

1 Add.. pL of Roche QS (Lot # ... )to 12mL of L6 Lysis Buffer. (The amount of
QS will depend on the particular lot number.)
Mix well by vortexing for 5 s and tilting tube several times
Aliquot 900 pL into each labeled 2.0 mL Sarstedt tube
Resuspend silica solution by vigorous mixing.
Add 40 pL to each tube of L6 Lysis buffer,
Vortex each tube until silica pellet is resuspended.
Add 200 pL of seminal plasma or control {(Roche Monitor kit) and vortex imme-
diately unt1l solution 1s homogeneous (5-10 s).
Incubate at room temperature for 10 min,
9 Vortex for 5s.
10 Centnfuge for 15 s at 12,000g. Aspirate supernatant with fine tipped tiansfer
pipet and discard.
11 Wash step 1
a Add | mL of L2 Washing Buffer and vortex until pellet 1s completely
resuspended.
b. Centrifuge for 15 s at 12,000g,
¢. Aspirate supernatant.
12 Wash step 2: repeat step 11
13 Wash step 3:
a Add 1.0 mL 70% ethanol and vortex until pellet is completely resuspended
This may be somewhat difficult

oo
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b. Centrifuge for 15 s at {2,000g.

¢. Aspirate supernatant.

Wash step 4: repeat step 13.

Wash step 5:

a. Add 1.0 mL acetone and vortex well.

b. Centrifuge for 15 s at 12,000g.

¢. Aspirate supernatant,

Evaporate acetone by incubating open tubes at 56°C for 10-15 min. Pellet should
be dry.

Add 400 pL sample diluent (Roche Monitor kit) to each tube.

Vortex until pellet is resuspended.

Incubate 10 min at 56°C.

Vortex 5 s.

Incubate at 56°C for 10-20 min.

Vortex 5 s,

Centrifuge at 12,000g for 2 min to pellet silica. The supernatant contains the RNA.
Amplify immediately or store froze at —20°C until ready to proceed with the HI'V
Monitor Assay. If samples are frozen prior to amplification, thaw them, vortex to
resuspend the silica, heat to 56°C 10 min, and centrifuge at 12,000g for 2 min
before adding 50 uL of the RNA containing supernatant to the Roche PCR tubes.

3.2.3. In House Assay (see Note 3)

1.

12,
13
14,
15.
16.

Transfer 0.5 mL seminal plasma to microfuge tubes containing | mL of PBS with
5 pg/mL pg BSA. As little as 200 uL. of specimen can be processed. Note volume
when less than 0.5 mL is used.

Pellet HIV virions from the seminal plasma by centnfugatlon at 214,000¢ for
60 min at 4°C,

Remove the supernatant using sterile, fine-tipped transfer pipets without disturb-
ing the viral pellet.

Add 0.8 mL Tri-reagent and vortex.

Allow the mixture to stand for 5 min at room temperature,

Add 0.16 ml. chloroform and vortex,

Let stand at room temperature for 3 min.

Centrifuge at 12,000¢ for 15 min at 4°C.,

Transfer the upper aqueous phase to a snap-cap microfuge tube containing
0.16 mL chloroform.

Centrifuge at 12,000g for 5 min.

. Remove and transfer the upper aqueous phase to a fresh snap-capped micro-

fuge tube.

Add 5 pL 1 ng/uL carrier tRNA (7.5 Kb Poly A} and 5 uL of 2 pg/mL glycogen.
Vortex for 15s.

Add 450 pL or equal volume of isopropanol,

Vortex for 15 s.

Place at —20°C overnight {or at least for 60 min) or at —70°C for 30 min.
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i7. Centrifuge at 12,000g at 4°C for 15 min.

18. Decant supernatant, being careful not to disturb the viral pellet.
19. Wash the pellet with (.5 mL ice cold 75% ethanol.

20. Centrifuge at 12,000g at 4°C for 510 min.

21. Decant the supernatant, being careful not to disturb the pellet.
22. Air dry the samples for 2030 min ar room temperature. Do not heat the samples.
23. Resuspend the pellet in 50 ul. RNA suspension buffer.

24. Incubate at 42°C for 15 min.

25. Vortex.

26. Place in wet ice for 5 min,

27. Centrifuge briefly.

28. Store at—70°C until assayed.

29. Proceed with in-house RT-PCR assay. (See Chapters 8 and 12.)

4, Notes

1. Attempting to increase the sensitivity of the RNA assays by increasing the speci-
men volume may prove difficult with the Boom extraction procedure, though it
should not be a problem with the ultracentrifugation method.

2. Invalid results are immediately flagged by the Organon-Teknika software and
are obvious in the Roche method by careful examination of the ODs for each
series of wells.

3. Quality control is more problematic with in-house assays.
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Molecular Techniques for HIV and STDs

Implications for Research and Disease Contro!
in the New Millennium

Rosanna W. Peeling, David C.W. Mabey, and King K. Holmes

1. Introduction
1.1. Paradigm Shift

Molecular techniques have gradually shifted the paradigm in the laboratory
diagnosis of sexually transmtted infections from biological to molecular
amplification. It 1s now possible to combine the sensitivity and specificity of
culture with all the convenience of nonculture tests, such as ambient specimen
transport, automation, and fast turnaround time. Pathogens that cannot be cul-
trvated in vitro, such as the human papillomavirus (HPV}), can now be detected
and typed to determine if they have oncogenic potential. These powerful tools
have improved and will continue to have a significant impact on our abulity to
design strategies and programs for the control and prevention of sexually trans-
mitted infections worldwide,

It is estimated that approximately 50% of sexually transmitted infections are
asymptomatic. Asymptomatic infections form a reservoir of infection that per-
sists in a community. Individuals with asymptomatic infections often have a
lower microbial load, hence requiring more sensitive detection techniques than
conventional nonculture tests (1,2). Now nucieic-acid-based amplification
techniques offer the increased sensitivity to allow us 1o screen for these infec-
tions, interrupt the chains of transmission within the community, and decrease
or eliminate the reservoir of infection.

Traditionally, screening can only be carried out in individuals who access
the health care system. Those at highest risk of acquiring or transmitting sexually

From Methods in Molecular Medicine, Vol 20 Sexually Transmitted Diseases Methods and Protocols
Edited by R W Peehng and P F Sparling @ Humana Press Inc , Totowa, NJ
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Table 1
The Paradigm Shift: Molecular Techniques for Screening and Diagnosis
of STDs

Advantages Disadvantages
sensitivity high cost

us¢ of noninvasive specimens false positive (contamination)
ease of specimen collection false negative (inhibition)
tolerance to specimen transport conditions cannot monitor antimicrobial
multiplex testing susceptibility

pooling of specimens for testing

quantitation

fingerprinting

transmitted mfections often do not exhibit good health seeking behavior and
seldom access health care. The improved sensitivity of molecular amplifica-
tion methods has facilitated changes in the types of specimens that can be
used for testing. Thus screening can now be carried out in nontraditional
settings where at-risk individuals can be targeted, irrespective of their health-
seeking behavior, Noninvasive specimens such as urine can be used for
the screening and laboratory diagnosis of genital chlamydial or gonococcal
infections (3—3}. Saliva has been used successfully for the detection of anti-
bodies to HIV (4).

The increased patient acceptability of noninvasive specimens, the ease of
specimen collection, and the tolerance of DNA and RNA to various specimen-
transport conditions further increase the flexibility in the design of screemng
strategies. HIV RNA can be detected in whole blood lysates or dried blood
spots, which are easily transported for field studies (7,8). Neisseria
gonorrhoeae can be detected i air-dried shdes using a single-tube PCR assay
(9). Self-obtained vaginal or vulval swabs have been shown to be comparable
to specimens taken in clinic by care providers for the diagnosis of genital
chlamydial infections (I60). Innovative STD control programs can now be
designed for active screening in nontraditional settings and even from home.

However, in spite of these advantages, molecular testing cannot be easily
adopted by most laboratories (Table 1). The first and foremost reason is the
cost. At present, these tests cost much more than other nonculture tesis such as
antigen detection tests. There are, however, cost effective means of utihzing
this technology. Targeting molecular screening at populations with high risk
behaviors or core groups will not only resuit in significant reduction m the
reservoir of infection in the community but offers an opportunity to carry out
molecular epidemiology studies on the dynamics of disease transmission within
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these groups. The test format of molecular tests allows the simultaneous
amplification of several pathogens from a single specimen 1n a single reaction.
Such multiplex testing can result 1n tremendous savings in costs and time, both
for care providers and for the laboratory. STD diagnostic panels based on clini-
cal syndromes have been developed. A duplex PCR test is commercially avail-
able for the detection of N. gonorrhoeae and Chlamydia trachomatis in urine
or genital swabs from patienis presenting with urethritis or cervicttis (11,12).
A multiplex PCR reaction for the simultaneous detection of Haemophilus
ducreyt, Treponema pallidum, and Herpes simplex Types 1 and 2 from genital
ulcers has been shown to be more sensitive than standard diagnostic methods
(13). For large population-based studies, pooling of urine specimens for PCR
testing can substantially reduce laboratory costs (14).

Apart from econormc reasons, this paradigm shift requires careful consider-
ation of a number of 1ssues. First, antimicrobial susceptibility testing cannot be
performed without growing the isolate 1n culture. N. gonorrhoeae, which has
been shown to develop antimicrobial resistance readily, is relatively easy and
mexpensive to culture. The use of molecular tests for such STD pathogens may
only be warranted if specimen transport is difficult. Under these circumstances,
trends in antimicrobial reststance for the region need to be monitored by per-
forming culture and antimicrobial susceptibility testing on isclates from
patients who are at high risk of infection and those with a history of repeated
infections. It 15 concelvable n the near future that resistance markers couid be
mcorporated as probes into molecular diagnostic Kits for the detection of anti-
mucrobial registance.

Second, inherent in the exquisite sensitivity of molecular amplification tech-
niques is the risk of specimen to specimen contamination as weil as environ-
mental contamination of specimens, causing false positive resuits. The risk of
run to run contamination can be reduced with the use of enzymes such as uracil
N-glycosylase or physical methods such as ultraviolet irradiation (75). Nested
single-tube PCR techniques, which increase assay sensitivity without the
necessity of post-amplification manipulations before the second round of
amplification, have been developed to overcome problems of contamination.
The preformulated PCR reaction mix for the second round of amplification can
be dried in a trehalose matrix and embedded onto the inside of the cap of the
PCR reaction tube, Nested single-tube PCR assays have been developed for
Haemophilus ducreyi, N gonorrhoeae, and HPV (2,9,16).

Third, field studies have shown that false negative results may be caused by
the presence of inhibitors 1n different types of specimens. It 1s known that PCR
and LCR reactions can be inhibited by a variety of substances such as phos-
phate and nitrite ions, detergents, heparin, and heme from bloody specimens.
The nature of these inhibitors and how the inhibitory reactions can be over-
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come are still being investigated (17). Internal controls to rdentify mhibitory
specimens are now included in some amplification assays.

Finally, can these molecular techniques replace culture for the detection of
STD pathogens 1n specimens for medicolegal purposes? The specificity of
molecular techniques should be in excess of 99% compared to culture because
of the high fidelity of polymerases and other enzymes used i1 moiecular ampli-
fication essays, provided appropriate precautions are taken to avoid false posi-
tive results due to contamination during laboratory processing. The rate of
mismatching of base-pairs for Tag polymerase is estimated to be between | tn
9,000 to 1 in 14,000 (18). Thus, molecular techmques should be acceptable for
medicolegal specimens 1f performed propetly and confirmed with another test
of similar sensitivity and specificity. An advantage of molecular techniques 1s
that detection assays can be adapted to carry out DNA fingerprinting on the
specimens, which may be useful for medicolegal cases.

1.2. Recent Technical Developments

A majority of the molecular amplification technology to date utilizes ther-
mostable enzymes to amplify DNA under thermocycling conditions. The
amplified products are then detected by gel electrophoresis or various colori-
metric or chemiluminescent methods in an ELISA format. A major improve-
ment on these systems 15 the concept of real time PCR, which accumulates
signals of amplified products with each cycle of amplification using chemical
or fluorescent probes. It 1s now possible to achieve single-tube amplification
with real-time built-in detection during amplification, using 5' nuclease tech-
nology and fluorescent probes. With this type of system, the assay tumaround
time is cut by half, and specimen to specimen or environmental contamination
is minimized by the elimination of any postamplification manipulation, Such
tools have been developed for the detection of Hepatitis C virus in serum (79).
Real-time quantitative PCR assays are also being developed using dual labeled
fluorogenic probes ¢20,21). These rapid systems will soon have wider applica-
tion outside the research laboratory.

Molecular tests using isothermal amplification technology such as the tran-
scription-mediated amplification (TMA) assay or nucleic acid sequence based
amplification (NASBA) assay are now available for the detection of C.
trachomatis and HIV-1 RNA (22-24). These assays utilize enzymes capable
of 103-fold amplification in 15 min under 1sothermal conditions, As RNA rather
than DNA is amplified, these assays can be adapted for the detection of active
infection with replicating organisms or for antimicrobial susceptibility testing.
Other 1sothermal amplification techniques are continuously being improved. A
thermophilic strand displacement amplification (SDA) assay has been
described which is capable of 10'%-fold amplification within 20 mtn at 60°C,
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and with the promise of real time detection (25,26). Isothermal amplification
reactions use enzymatic denaturation of DNA rather than heating to high tem-
perature, hence eliminating the need for expensive machinery to carry out
thermocycling. Isothermic reactions are, however, more susceptible to nonspe-
cific amplification than amplification reactions requiring thermocycling.

With rapid advances m miniaturization technology and the availability of
room-temperature stable reagents, the next challenge will be to package ampli-
fication reactions and the visual detection of amplified products in a miniature
cassette for on-site testing. The development of simple rapid test kits may be
on the horizon. Hand-held PCR technology, which has been in development as
a research tool for field work, may eventually be available for disease control.
The pressure for development of rapid miniaturized molecular diagnostic kits
may also come from increasing public sector access to disease cotitrol informa-
tion through audiovisual and electronic media and a growing and an often profit-
able market for technologically sophisticated point-of-care or home testing.

The main advantage of point-of-care testing is that a physician or health
provider’s diagnosis can be confirmed during the patient’s visit. Thus, appro-
priate treatment can be initiated or prescribed, and, where the disease is report-
able, reporting and contact tracing can be initiated without delay. The expedited
management will likely result in lowering the risks of further disease transmis-
sion or long term complications of disease for the patient. Thus, the develop-
ment of tests that combine the convenience and advantages of point-of-care
testing with the sensitivity and specificity of molecular tests are desirable.

A 2-mn erythrocyte agglutination test and a peptide impregnated test strip
to detect HIV antibody in serum have been shown to perform well compared to
ELISA kats ¢27,28). But false positive results were obtained on a rapid on-site
EIA test for HIV antibody when the temperature m the clinic was 3°C above
the recommended temperature of 20-25°C ¢29). Given the psychosocial and
medicolegal implications of a positive diagnosis for a sexually transmitted dis-
ease, and the wide variety of conditions under which these kits may be used, 1t
1s important that there is adequate built-in quality assurance and extensive
evaluation of the performance of these test kits.

1.3. The Role of Molecular Techniques for STD Dlagnosis
and Research

Early and accurate laboratory diagnosis 1s the cornerstone of an effective
STD control program. The role of molecular tests in STD control can be con-
sidered at several levels. At the personal level, molecular tests provide the most
sensitive and specific diagnosis that leads to treatment of the infected indi-
vidual and the prevention of adverse sequelae. At the commumty level,
molecular tests improve our ability to screen for infection as a means of mnter-
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rupting the chain of transmission and decreasing the disease reservoir within a
population. At a public health level, molecular techniques can provide the most
accurate laboratory-based data for emmdemiologic surveillance. Accurate data
and trends are important for the formulation of effective public health policy.
Molecular techniques for DNA fingerprinting and typing will also improve our
ability to provide outbreak investigation support and to discern sexual networks
for effective behavioral intervention.

Approximately 90% of sexually transmitted infections worldwide are in set-
tings where resources for laboratory testing are limited or where social and
economic factors hinder STD control efforts (30). In these settings, syndromic
management 15 often the only option available to the health care providers.
Thus, the utilization and impact of molecular diagnostic and screening tests on
STD control and research are different for developed and developing countres.

2. Implications for Developed Countries
2.1. Disease Control

Cost-effectiveness studies have shown that despite the higher cost of nucleic-
acid-based amplification tests, the increased sensitivity of these tests makes
them more cost-effective than antigen detection tests for some STD control
programs (31). Screening is especially cost-effective for bacterial STDs such
as genital chlamydial infections, where curative therapy is available and the
long-term reproductive sequelae are serious and costly (32). Unless a simple,
rapid, sensitive, and inexpensive test such as the RPR for syphilis is available,
universal screening for most STDs 1s neither cost effective nor warranted. Risk
assessment based on age, marital status, and sexual behavior 1s therefore useful
in targeting testing toward individuals most at risk of acquiring STDs. Molecu-
lar tests can be used to give the most accurate assessment of risk factors or
markers to be used as criteria for screening. These criteria for risk assessment
should be validated and continuously monitored 1n target populations using
laboratory-based studies.

2.1. Patient Management

Molecular techmques can be adapted not only to detect infection but also to
quantitate microbial load. For patients infected with HIV, quantitation of viral
load by PCR, NASBA, and other RNA detection assays provide an important
means$ of monitoring treatment efficacy and indirectly for the emergence of
drug resistance (33,34). Viral load may also be important for hepatitis B infec-
tions, where treatment is costly and is not uniformly effective ¢35). Quantitation
of HIV RNA and herpes virus in genital tract secretions have improved our
understanding of subclinical shedding and the effect of antiviral therapy on the
shedding of viruses at mucosal sites (36,37). The ability to quantitate accu-
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rately viral load in genital secretions is important for epidemiologic and public
health reasons as genital secretion is a major vehicle of transmission of sexu-
ally transmitted infections,

2.3. Research

Molecular technigques have provided a better understanding of the epidemi-
ology and the pathogenesis of sexually transmitted infections, This is espe-
cially true of noncultivable pathogens. Molecular epidemiologic tools to
fingerprint isolates have been used to determine geographic clusters in out-
break investigations as well as disease transmission dynamics through sexual
networks (38,39). The identification of drug resistant plasmids and tracking of
spread of resistance worldwide are possible only with molecular tools.
Molecular techniques have also provided a better understanding of the patho-
genesis of sexually transmitted infections through defining the molecular basis
of antigenic variation and generation of mutants to delineating structure—func-
tion relationships. Such knowledge serves as an important basis for rational
vaccine design and development (40,41). DNA vaccines are being developed
for a number of sexually transmitted diseases. Experimental studies in animals
have shown that DNA vaccines may be promising for HIV, hepatitis B virus,
and chiamydial infections (42—44).

3. Implications for Developing Countries
3.1. Disease Control

In most developing countries, laboratory facilities for the diagnosis of STDs
are hmited or inadequate (43}. The WHOQ therefore advocates syndromic man-
agement, in which patients presenting with the common STD syndromes (¢.g.,
urethral or vaginal discharge, or genital ulcer) are treated for all the hkely
causes of that syndrome at their first visit. This approach has a number of
advantages (Table 2), and when implemented at the primary health-care level
in Tanzania was shown to reduce substantially the incidence of HIV infection
by reducing the duration of symptomatic STDs (which facilitate the sexual
transmission of HIV) (46,47).

However, if 1t is to be effective, syndromic management needs to be based
on laboratory studies of the prevailing etiologies of the common syndromes
and on the local antimicrobial susceptibility patterns, which may be specific to
the population as well as geographical location (48). Molecular diagnostic tech-
niques such as the multiplex PCR for T, pallidum, H. ducreyi, and H. simplex
can be extremely useful in designing locally appropriate syndromic manage-
ment algorithms for genital ulcers (13).

Whereas the WHO algorithms for syndromic management of urethral dis-
charge in males, and for genital ulcers, have been widely and successfully used
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Table 2
Syndromic Management
Advantages Disadvantages
expedited management: no nisk of further failure to detect

transtssion and less complications atypical/subchinical 1mmfection
rapid difficulties with contact tracing
convenient cost and risks of overtreatment

low cost, no laboratory tests needed
assurance of treatment for laboratory
false negative cases

in many developing countries (49), the aigorithm for vaginal discharge has
been more problematic. At its simplest level, this algorithm recommends that
all women complaming of vaginal discharge should be treated for all the likely
causes (Trichomonas vaginalis, Candida albicans, bacterial vaginosis, N.
gonorrhoeae, and C. trachomatis). This has been shown to lead to very consid-
erable overtreatment for N. gonorrhoeae and C. trachomatis, which are usu-
ally present i iess than 10% of women with this complaint (56-52), leading
not only to a waste of scarce resources, but also to the potential for social
problems for women who are mistakenly informed that they have an STD and
asked to refer their partners for treatment. If a speculum 1s available, the
appearance of the discharge and simple bedside tests such as vaginal pH, the
KOH “whiff” test, or the microscopic examination of a wet preparation can
help to establish the diagnosis of candidiasis, BV, or T. vaginalis infection, but
the problem of identifying gonococcal and chlamydial infections remains.
Overtreatment can be reduced by including a “risk assessment” step, but even
then the sensitivity and specificity of such an algorithm for the identification of
women with these infections is unlikely to exceed 70% (53,54,56).

This problem will only be solved by the development of simple, rapid, inex-
pensive, and accurate bedside tests for the detection of N. gonorrhoeae and C.
trachomatis, which will no doubt be possible thanks to some of the technologi-
cal advances described n this book. The Rockefeller Foundation have offered
a prize of $1 million for the development of such a test (36). Although the prize
is yet unclaimed, this initiative should stimuiate more research into making
this a reality.

The other, and greater, advantage of such a test would be for screening
asymptomatic individuals. A high prevalence of asymptomatic gonococcal and
chlamydial infections has been documented among both men and women n
developing countries (47,52—54,56). Data from community based studies in
sub-Saharan Africa suggest that, owing to a combination of asymptomatic
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infection, lack of access to treatment, inappropriate treatment seeking behav-
ior and suboptimal case management, <10% of infected individuals are likely
to receive adequate treatment ¢(57). Improved case management alone is
unlikely to lead to effective STD control in these circumstances. The leukocyte
esterase urmary dip-stick test has been used to screen for asymptomatic gono-
coccal and chlamydial infection, but recent studies have found that this test 1s
neither sensitive nor specific for genital chlamydial infections when a combi-
nation of molecular tests and culture was used as the gold standard (58,59).

3.2. Research

Molecular techniques can be used by national reference laboratories in
developing countries to carry out epidemiologic studies to determine changes
m the pattern of disease, to identify those at risk, and, hence, to target those
most in need of services. Pooling of specimens for large population-based stud-
ies and multiplex testing can offer cost savings in time and expense. It should
also be possible to use these strategies in well-defined studies to measure the
impact of control programs.

4. Summary

In the last decade, there has been rapid and exciting progress in the develop-
ment of molecular techniques for the screening and diagnosis of sexually trans-
mitted diseases including HIV. Research studies using molecular tools have
allowed us to learn more about the epidemiology of STDs in developed and
developing countries and may give us a rational basis for the development of
vaccines as well as of behavior intervention strategies. The increased sensitiv-
ity of molecular ampiification techniques and the tolerance of DNA and RNA
to various transport conditions means that noninvasive specimens, either self-
obtained or obtained outside physician’s offices, can be used for testing. These
tests have been shown to be cost-effective for bacterial STDs where curative
therapies are available. The cost of these tests may also be reduced through
multiplex testing based on clinical syndromes, pooling of specimens for test-
ng, or targeting their use in high risk populations. The stage is now set for the
use of these tools in the design of innovative programs that will make a signifi-
cant impact on the control and prevention of sexually transmitted diseases and
their sequelae worldwide,
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