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reface 

Sexually transmitted diseases (STDs) are among the most common causes of ill- 
ness throughout the world and have been ranked among the top ten diseases 
in developing countries for which adults seek health care services. STDs are an 
important public health problem, not only because of their severe complications 
and sequelae but also because they increase the risk for transmission of the 
human immunodeficiency virus (HIV). 

Public health strategies for STD control include primary prevention (promotion 
of safer sexual behaviour and condom provision) and early adequate case man- 
agement of individuals with bacterial STDs. 

Accessible, acceptable and effective management of people with STDs implies 
the rationalization of decision-making by following simple flow-charts (algo- 
rithms) based on syndromic diagnosis, the inclusion of partner notification, and 
the promotion of condom use and safer sexual practices. 

Traditionally, the laboratory has played an important role in STD control pro- 
grammes. However, because of constraints in terms of cost, expertise and in- 
consistencies in supplies and other support, the practicality and availability of 
laboratory services are severely limited in many -if not most - settings. 

Laboratory tests should be confined to situations where they are essential for 
clinical or programmatic decisions. Priorities include: 

- monitoring of antimicrobial resistance of Neisseria gonorrhoeae (and of Hae- 
mophilus ducreyi if appropriate) to support treatment recommendations; 

- determining the etiology of common STD syndromes for the development 
of flow-charts for case management; 

- diagnosis of complicated or referred patients at reference centres; 

- case-finding of syphilis and HIV infection in pregnant women and in 
patients with other STDs; and 

- screening of blood donors for syphilis and HIV infection. 

Any surplus laboratory capacity is best directed towards diagnosis and case- 
finding of gonorrhoea and chlamydial infection in women, for which syn- 
dromic diagnosis is the least sensitive and specific. 

HIV infection and acquired immunodeficiency syndrome (AIDS) are of major 
concern to health care providers in all parts of the world. Laboratory services 
have an essential role to play in the diagnosis of infected persons, in screening 
blood for transfusion, in surveillance, and in research. 

This handbook presents a comprehensive guide of standard procedures for de- 
tecting and diagnosing STDs. It should be a useful tool for clinical microbiolo- 
gists and medical technologists. It is conceived as a practical bench manual, tuned 
to the needs and capacities of laboratories at different levels in the health care 
system. 



Each disease is covered in a separate chapter which provides detailed informa- 
tion on the collection and transport of suitable specimens and their subsequent 
testing in the laboratory. A summary of the appropriate diagnostic tests for use 
at different levels of the laboratory system, and lists of the media, reagents, stains 
and other equipment and materials required to carry out the tests are contained 
in the annexes.' 

l In some cases, the diagnostic tests, materials, reagents and media described in this book have been identified by the 
manufacturer's name or trademark. However, this does not imply that such tests and products are endorsed or recommended 
by WHO or the authors in preference to others of a similar nature that are not mentioned, or that may have been developed 
or become available since the preparation of this publication. Rather, the specific tests and products mentioned represent 
those that are known to the authors to be in common use. In the event that there are others in common use, WHO would be 
pleased to be so informed for the purpose of including a description of their use in future editions of this book. 
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1: onorrhoea 

Introduction 
Gonorrhoea is an ancient disease which is transmitted almost exclusively h o u g h  
sexual contact. The causative agent, Neisseria gonorrhoeae (gonococcus), infects 
only humans and is the etiological agent of lower urogenital tract infections, 
pelvic inflammatory disease and related sequelae (infertility and ectopic preg- 
nancy) in women, of urethritis and epididymitis in men, and of proctitis, pha- 
ryngitis, conjunctivitis and disseminated infection in both sexes. The clinical spec- 
hum of gonococcal infection is summarized in Table 1.1. 

Table 1 .l 
Clinical spectrum of gonococcal infection 

Asymptomatic infection Endocervix 
Pharynx 
Rectum 
Urethra 

Symptomatic infection Bartholinitis 
Cervicitis 
Conjunctivitis 
Pharyngitis 
Proctitis 
Urethritis 
Vulvovaginitis 

Local complications Bartholin abscess 
Epididymitis 
Lymphangitis 
Penile oedema 
Periurethral abscess 
Prostatitis 
Salpingitis (pelvic inflammatory disease) 

Systemic complications Disseminated gonococcal infection: 
- arthritis 
- dermatitis 
- tenosynovitis 

Gonorrhoea produces purulent exudates. The signs and symptoms of disease, 
however, may be absent or indistinguishable from those of chlamydial infec- 
tions. Consequently, laboratory procedures are needed for diagnosis, case-find- 
ing and test-of-cure. 

Collection of specimens 
1 Appropriate sites for specimen collection depend on the sex, age and sexual prac- 
l 

I tices of the individual as well as the clinical manifestations of the infection. The 



LABORATORY DIAGNOSIS OF SEXUALLY TRANSMITTED DISEASES 

primary collection site in women is the endocervical canal. The secondary sites 
include the urethra, vagina, rectum and oropharynx. In heterosexual men, ma- 
terial should be collected from the urethra. The primary sites in homosexual 
men are the urethra, rectum and oropharynx. Sterile cotton, calcium alginate or 
polyethylene terephthalate (PET) swabs can be used for specimen collection. 

Endocemix. The use of antiseptics, analgesics and lubricants when collecting 
specimens should be avoided since these may inhibit gonococci present on the 
cervix. Use a vaginal speculum, which may be moistened with warm water. After 
inserting the speculum, clean the exocervix to remove mucus using forceps with 
gauze or a cotton wool ball. Insert a swab 2 cm into the cervical canal. Rotate 
and move the swab gently from side to side for 5-10 seconds to allow absorp- 
tion of the exudate. 

Urethra. Take urethral specimens at least 1 hour after the patient has urinated. 
Collect pus directly on a swab. If no discharge is evident, the male urethra is 
stripped towards the orifice to evacuate exudate. If no exudate is obtained, in- 
sert a thin swab 2-3 cm into the urethra and gently scrape the mucosa by rotat- 
ing the swab for 5-10 seconds. In women, massage the urethra against the 
pubic symphysis and use the same technique as for men. 

Rectum. Insert a cotton swab 3 cm into the anal canal and rotate it for 10 sec- 
onds to sample exudate from the crypts just inside the anal ring. If faecal con- 
tamination occurs, discard the swab and use another to obtain the specimen. 

Vagina. Vaginal specimens are recommended for women who have had a hys- 
terectomy and for prepubertal girls. Use a speculum and swab the posterior for- 
nix for a few seconds. Gonococcal vulvovaginitis may occur in girls prior to 
puberty. Discharge can be collected with a swab without the use of a speculum. 

Oropharynx. Swab the region of the tonsillar crypts and the posterior pharynx. 

1.3 Transport of specimens 
Before seeding the specimens directly on to a culture medium or inserting them 
in a transport medium, a smear for microscopy should be made. To obtain a 
thin homogeneous film, roll the swab on to a clean slide, and allow the smear 
to air-dry (Fig. 1.1). Gonococci are highly susceptible to environmental condi- 
tions and transport of specimens from the clinic to the laboratory will always 
diminish the viability of the organisms. The highest yield of gonococci is 

Figure 1.1 
Preparation of a smear 
for microscopy before 
inoculation of the culture 
medium 
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Figure 1.2 
Methylene blue stain of a 
male urethral exudate 
showing intracellular 
diplococd (X 1000) 

obtained when specimens are inoculated directly on to a culture medium in the 
consultation room. If this is not practicable, the swabs should be inserted into a 
non-nutritive transport medium such as Stuart or Amies or inoculated on a 
nutritive (growth) transport system such as Transgrow (1) or Jembec (2). The 
isolation rate after transport of specimens in a non-nutritive transport medium 
at room temperature (20-25 "C) is approximately 100% within 6 hours and more 
than 90% within 12 hours. After 24 hours, however, the number of gonococci 
decreases and recovery may no longer be possible, especially in specimens from 
asymptomatic patients which contain small numbers of organisms. When a tran- 
sit time of more than 12 hours is expected, nutritive transport systems that in- 
corporate a culture medium and provide an atmosphere enriched with carbon 
dioxide are required. Maximum survival and recovery of gonococci are obtained 
when the specimens are preincubated in the transport medium at 36 "C over- 
night before transport to the laboratory; acceptable results are obtained if trans- 
port time does not exceed 2 days (3). 

1. Microscopy 4 
Preparation of slides for staining 

i 

Fix the smear by passing the slide rapidly through a flame three times, while 
keeping the film side uppermost. Avoid overheating since this distorts the cells. 
The slide should feel merely warm when touched with the back of the wrist. 

Apart from being simple and quick, staining with methylene blue (Fig. 1.2) or 
with safranin is a reliable method for the diagnosis of gonorrhoea in men with 
purulent urethritis. The Gram stain, however, remains the method of choice for 
microscopic diagnosis of N. gonorrhoeae, since differentiation between Gram- 
positive and Gram-negative organisms is important in order to obtain 
reliable and specific results in specimens containing a mixed bacterial flora 
(Fig. 1.3). 

1 1  
Gram stain procedure 

(1) Cover the fixed smear with crystal violet for 1 minute. Rinse under the tap. 

(2) Flood the slide with iodine for 1 minute. Gently rinse with running water. 

(3) Decolorize with acetone-ethanol until the drops falling off the slide are no 
longer blue. This usually takes between 10 and 20 seconds, depending on 
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the thickness of the smear. Excessive decoloration must be avoided, lest Gram- 
positive bacteria appear as Gram-negative. Disregard the thick portions of 
an uneven smear, which may stain blue. 

(4) Rinse quickIy under running water to stop the decoloration and drain off 
excess water. 

(5) Counterstain with safranin or fuchsin for 1 minute. 

(6) Rinse with running water and gently blot the slide with absorbent paper. 

Smear reading and interpretation 
Use a bright-light microscope and immersion oil of good quality, and examine 
the slide with a X 100 objective. Gonococci appear as Gram-negative diplococci 
within polymorphonuclear leukocytes. Always describe exactly what is seen on 
the smear: epithelia1 cells, polymorphonuclear leukocytes, types of bacteria, 
intracellular or extracellular position. A slide should be examined for at least 
2 minutes before concluding it does not contain any Gram-negative intracellu- 
lar diplococci. 

Assuming that the smear has been correctly prepared, stained and examined, 
the sensitivity and specificity of a Gram stain are 95% and 97%, respectively, 
for culture-positive specimens of urethral exudates from symptomatic men. Con- 
sequently, specimens showing a positive Gram-stained smear do not have to 
be cultured. In females, however, smears of cervical secretions detect only 40- 
60% of culture-positive specimens. In asymptomatic patients of both sexes, the 
sensitivity of Gram staining is extremely low and it should therefore not be con- 
sidered as a diagnostic test. In women, a certain rate of false-positive results is 
reported; the specificity mainly depends on the experience of the microscopist 
and ranges between 80% and 95%. Direct microscopic examination is not rec- 
ommended for the diagnosis of rectal and pharyngeal infections, and its sensi- 
tivity is too low for a test-of-cure for gonococcal urethritis. 

1.5 Culture and presumptive identification 
Isolation of 1 ' .  gonorrhoeae 

The reliability of a culture for the diagnosis of gonorrhoea is conditional on a 
series of factors: 
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- the number of sampling sites 

- the technique for collection of specimens 

- the method and duration of transportation 

- the composition and quality of the culture medium 

- the incubation conditions 

- the reagents and techniques used for the identification of isolates. 

The prevalence of gonococcal strains susceptible to the concentration of anti- 
biotics generally used in selective media is negligible in most countries. As a 
result, it is recommended that only selective media such as modified Thayer- 
Martin (MTM) (4) and New York City (NYC) (5) are used for routine diagnosis 
of gonorrhoea. Gonococcal strains can be differentiated by their ability to grow 
on chemically defined media containing different combinations of certain arni- 
no acids, purines, or pyrimidines (6 ) .  Strains requiring arginine, hypoxanthine 
and uracil for their growth are designated AHU-. In some geographical areas, 
up to 5% of gonococci (usually AHU- auxotypes) are susceptible to the 3 4  
mg/l concentration of vancomycin used in the selective media (7) and there- 
fore selective supplements with a reduced concentration of vancomycin of 
2 mg/ l or with lincomycin are recommended. 

Roll the swab containing the specimen over approximately one quarter of the 
surface of the plate (Fig. 1.4). Using a sterile bacteriological loop, spread the 
inoculum over the remaining part of the medium to ensure growth of isolated 
colonies. Incubate the inoculated plates immediately at 35-36 "C in a humid at- 
mosphere (70% humidity) containing 3-7% carbon dioxide (CO,) (candle jar with 
moistened cotton wool ball, jar with CO2-generating envelopes, or CO2 incuba- 
tor with water bowl) (Fig. 1.5). Examine the plates after 18-24 hours, and - if 
negative - again after 48 hours. After 1 day of incubation typical colonies will 
have a diameter of 0.5-1 mm, and may vary from grey to white, transparent to 
opaque, and convex to flat. After further incubation they may reach 3 mm in 
diameter and become less smooth (Fig. 1.6). Frequently, a mixture of different 
colony types appears on a plate. 

Figure 1.4 
Inoculation of culture 
medium by rolling the swab 
over one quarter of the 
surface of the plate 
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Figure 1.5 
A,wrimkt@ h, .r 

Quality control of culture media 
Plates should contain a thick layer of medium, at least 20 m1 per plate (diam- 
eter 90 mm). After preparation, dry off excess surface moisture by leaving the 
plates overnight at ambient temperature or by incubating the inverted plates 
with the lid ajar for 1 hour at 35-37 'C. Excessive drying should be avoided as 
this may interfere with the growth of the gonococci. Media can be stored for up 
to 3 weeks in sealed plastic bags in a refrigerator. Older plates are less efficient 
for gonococcal culture. Inoculation should not be made on to cold plates straight 
from the refrigerator. 

Ideally, each batch of medium should be checked for its ability to sustain the 
growth of gonococci. A simple validation can be made by comparing the re- 
sults of Gram-stained smears of urethral exudate from males with the results 
of culture from the same specimens. 

Presumptive identification 
A presumptive identification of colonies with a gonococcus-like appearance can 
be made by a Gram stain and an oxidase test. The observation of oxidase-posi- 
tive Gram-negative diplococci with a gonococcus-like colony morphology from 
genital specimens offers a sufficient and reliabIe identification of N. gonoyrhoae 
for routing diagnosis: 
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Figure 1.7 
Oxidase-positive purple 
Eolaniell after treatment with 
tetrafflethyl-p-phenyle116UI~111i~~ 
hyQro8hloride 

Gram stain. Emulsify single suspect colonies in a small drop of saline on a 
glass slide, dry, fix and stain. After 24 hours cultures show typical Gram- 
negative diplococci, whereas older cultures (48 hours and more) are often 
difficult to interpret because of a high rate of totally lysed cells. 

Oxidase. There are two recommended methods for detecting cytochrome-c 
oxidase: 

(1) Place a drop of tetramethyl-p-phenylenediamine hydrochloride directly 
on to the colonies. If they rapidly turn the colour of the reagent to deep 
purple, and if the colour is maintained for more than 30 seconds, the test 
is considered positive (Fig. 1.7). Alternatively, place a few drops of the 
reagent on a piece of filter-paper. Pick up the growth from a colony with 
a loop and rub on to the impregnated area of the filter-paper. 

(2) Commercial oxidase discs or strips containing dimethyl-p-phenylenedi- 
amine hydrochloride are available from several manufacturers. Pick up 
single suspect colonies and rub on to the disc or strip. A positive reaction 
will turn the paper purple within 20 seconds. 

Note: The use of Nichrome wire instead of platinum inoculating loops may cause 
a false-positive weak colour change. 

1.6 Confirmatory identification 
It is necessary to confirm the identification of oxidase-positive Gram-negative 
diplococci for all extragenital isolates as well as for all isolates which are to be 
further characterized by typing and/or by susceptibility testing (8). 

Catbohydrate degradation 

The most common test for confirming identification is carbohydrate degrada- 
tion. The conventional growth methods on cystine tryptic agar (CTA) (9) can 
no longer be recommended since more satisfactory results can be obtained with 
rapid non-growth methods, which give clearer cut and more specific results in 
a few hours (10-13). 

The most important problems with all carbohydrate degradation tests are: false- 
positive reactions caused by contamination with other bacteria; and false- 
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negative reactions caused by the use of autolysed organisms from cultures of more 
than 24 hours. To avoid those problems, do not attempt to perform tests with 
growth from a selective primary isolation plate which may contain colonies of 
other organisms as well as inhibited contaminants. Instead, prepare subcultures 
by transferring several typical colonies on to one or two non-selective choco- 
late agar or Columbia blood agar plates and incubate these for 18-24 hours. 
Examine the subculture plates carefully to ascertain that the cultures are pure 
(if necessary check with Gram stain) before carrying out testing. 

The first non-growth method as developed by Kellogg & Turner (10) and mod- 
ified by Brown (11) is still very satisfactory. Emulsify 2 full 3-mm loopfuls of 
the isolate in a small sterile tube containing 0.3-0.4 m1 of buffered balanced salt 
indicator solution (BBS). A further 5 small sterile tubes are required for a com- 
plete test. Add 0.05 m1 of 20% sterile glucose, maltose, sucrose or lactose to 4 
tubes (one to each tube), followed by 0.1 m1 of BBS. The fifth tube, containing 
0.1 m1 of BBS but no sugar, will serve as a negative control. Finally, transfer 0.05 
m1 of the bacterial suspension to each of the 5 tubes. Mix well and incubate in a 
water-bath at 37 "C for 4 hours. A colour change from red to yellow is consid- 
ered positive; the control tube must remain red. N. gonorrhoeae utilizes glucose 
but not maltose, sucrose or lactose (Table 1.2). 

Table 1.2 
Carbohydrate and enzyme activities of Neisseria species that grow on selective 
media 

Substrate or enzyme activity 

Species Glucose Maltose Lactose Sucrose ONPG1 GLU-AMPb PRO-AMP 

N. gonorrhoeae t 0 0 0 0 0 t 

N. meningitidis t t 0 0 0 t 0 (4 
N. lactamica t t t 0 t 0 t 

N. cinerea 0 0 0 0 0 0 t 

a GNitrophenyl-p-galactosidase. 
yGIutamyl aminopeptidase. 

a Hydroxyprolyl aminopeptidase. 

Several commercial adaptations based on this non-growth method are now avail- 
able and they all compare favourably with the original (Figs 1.8 and 1.9). Some 
offer ready-to-use reagents, others use dehydrated reagents or paper discs im- 
pregnated with carbohydrates and phenol red, and include a buffer solution for 
use in preparing the bacterial suspension. The major advantage of the corner- 
cial systems is the high stability of the sugars used, which makes it possible to 
overcome some problems observed in the original test, especially with maltose 
(14-16). 

Chromogenic enzyme substrate tests 
Enzyme substrate tests have been developed based on the studies of D7Amato 
et al. (17). By using three chromogenic enzyme substrates - 0-nitrophenyl-P-D- 
galactopyranoside which detects 0-nitrophenyl-P-galactosidase (ONPG), N-y- 
glutamyl-P-naphthylamide which detects y-glutamyl aminopeptidase (GLU- 
AMP), and L-hydroxyproline-P-naphthylamide which detects hydroxyprolyl 
aminopeptidase (PRO-AMP) - a rapid differentiation can be made between 
Neissevia species that can grow on a selective MTM or NYC medium. To avoid 
confusion with commensal Neisserid species which may yield similar reactions, 
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i I '  I Fioure 1.8 
Rapid carbohydrate 
degradation of Rleisserla 
species using the Minltek 
test 

A colour change from red to 
yellow is considered 
positive 

Figure 1.9 
Rapid carbohydrate 
degradation of 
Af. ~morrhmas using 
the Diagnostics 
Pasteur test 

this enzyme procedure is aimed at differentiating only between N. gonowhoeae, 
N. meningitidis, N. lacfamica and N. cinerea, as shown in Table 1.2. 

ONPG discs are available from several manufacturers. Tablets of ONPG, GLU- 
AMP and PRO-AMP are also commercially available. Suspend the growth from 
a 24-hour subculture on chocolate or Columbia blood agar in 1 m1 of saline to 
achieve a turbidity corresponding to McFarland standard P 5  (Table 1.3). Dis- 
pense portions of 0.25 m1 into 3 small sterile tubes and add the selected tablets 
to each tube. Close the tubes and incubate in a water-bath at 37 "C for 4 hours. 
After incubation, add 3 drops of fast blue BB solution to the GLU-AMP and PRO- 
AMP tubes (not to the ONPG tube). Colour changes from colourless to yellow 
for ONPG and from light yellow to orange-salmon for GLU-AMP and PRO-AMP 
indicate positive reactions. 

Some commercial diagnostic products combine enzymatic and biochemical tests 
(including carbohydrate degradation) with acidometric tests for detecting p-lacta- 
mase production (18). 

1 l#unological confirmation (16, 18, 19) 
Immunological tests using monoclonal antibodies for fluorescence, eo-aggluti- 
nation or enzyme systems are highly sensitive and specific for a definite identi- 
fication of N. gonowhoeae. They may be performed directly with growth from 
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colonies on the selective isolation plate and do not require the use of a pure 
subculture. This means that an isolate can be identified 24 hours earlier than is 
possible with the rapid carbohydrate or enzyme substrate assays. 

Immunological tests are more expensive and have a shorter shelf-life than sub- 
strate products and are recommended for use by central-level reference labo- 
ratories in the final confirmation of N. gonowhoeae for isolates showing unex- 
pected sugar or enzyme patterns, especially from extragenital sites. 

1.7 Non-culture detection methods 
Many studies have compared different culture-independent methods for detect- 
ing gonorrhoea with a standard culture technique. The Limulus amoebocyte 
lysate assay, which detects endotoxin, requires a heavy inoculum and seems 
useful only for cases of purulent urethritis in men. A similar assay system is 
available, which detects oxidase. It seems reasonably sensitive in symptomatic 
patients but its specificity is quite low, since blood and commensal oxidase- 
producing organisms in genital discharge from women create false-positive 
reactions. ELISA techniques are much less reliable in women than in men, and 
should only be considered for use in female populations with a high prevalence 
of gonorrhoea if cultures are not available or when long transport periods 
are unavoidable. DNA hybridization techniques do not show a sigruficantly higher 
sensitivity than ELISAs in asymptomatic females, but their specificity is supe- 
rior to that of the other procedures cited. A genetic transformation technique is 
performed by spotting DNA extracted from clinical specimens on culture 
media containing viable, growth-deficient mutant gonococci; transformation to 
rapidly growing organisms indicates a positive specimen (8,20-23). 

Common disadvantages of all these non-culture techniques compared to cul- 
ture are: 

- they are more expensive 

- they are less efficient for specimens containing small numbers of organisms 

- they are not reliable for extragenital specimens 

Table 1.3 
Protocol for the preparation of test tubes for McFarland nephelometric 
standards 

Contents (ml) 

Standard Corresponding bacterial 
number 1% BaCI, 1% H,SO, suspension: n bacteria per ml (X 108) 

0.5 0.05 9.95 1 
1 0.1 9.9 3 
2 0.2 9.8 6 
3 0.3 9.7 9 
4 0.4 9.6 12 
5 0.5 9.5 15 
6 0.6 9.4 18 
7 0.7 9.3 21 
8 0.8 9.2 24 
9 0.9 9.1 27 

10 1 .O 9.0 30 



- they cannot be used to determine short-term test-of-cure 

- they preclude antimicrobial susceptibility testing. 

1 .q Serology 
Several antibody techniques, such as complement fixation, latex agglutination, 
immunofluorescence and anti-surface pili assays, using haemagglutination, 
radioimmunoassay, ELISA and irnmunoblotting, have been used for the detection 
of gonococcal antibodies in serum. None of these procedures can differentiate 
current from past infection and therefore, at the present time, serology cannot 
be used for diagnostic purposes in individual patients, nor is it useful for case- 
finding of gonorrhoea. 

1.4 Detection of plasmid-mediated antimicrobial resistance 
For the purposes of epidemiological research, gonococcal isolates can be tested 
for plasmid-mediated resistance to penicillin and tetracycline. 

Pelicillinase-producing N. gonorrhoeae (PPNG) (Fig. 1 .l 0) 
Acidometric method (24) 

Place a strip of filter-paper (Whatman No. 1 or equivalent) in a Petri dish. Satu- 
rate the paper with penicillin solution (0.05 moll1 phosphate buffer, pH 8.0 (Table 
1.4), 0.2 g / l bromcresol purple, and 50 g / l buffer-free benzylpenicillin (store 
frozen)). With a bacteriological loop, spread the growth from 10-20 colonies over 
an area of approximately 5 mm in diameter. Incubate the paper at room tem- 
perature for 30 minutes with the Petri dish cover on. PPNG will show a colour 
change from blue to yellow, usually visible in less than 10 minutes. Ready-to- 
use strips or discs are commercially available. 

lodometric test (25) 

A penicillin-iodine mixture is freshly prepared by adding 1.1 m1 of an iodine 
solution (1.5 mg of potassium iodide and 0.3 g of iodine in 100 m1 of 0.1 moll1 
phosphate buffer, pH 6.4 (Table 1.4) stored in a brown bottle at 4 'C) to a vial 
containing 0.15 m1 of benzylpenicillin solution (1 million International Units (IU) 
per ml, stored at -20 "C). The reagent mixture should be used within 1 hour. A 
loopful of the test organism is removed from colonial growth on an agar plate 
and emulsified in 1 drop of the penicillin-iodine mixture on a glass plate. One 

Table 1.4 
Composition of phosphate buffers 

Stock solutions (welghtllitre) Volumes per 100 ml of buffer 
(9) (m!) 

Concentration 
(molll) KH2P04 Na,HPO; 2H,O PH KH,P04 Na2HP0; 2H20 

0.05 6.81 8.91 8.0 5.5 94.5 
0.1 13.62 17.82 6.4 73.2 26.8 
0.1 13.62 P 17.82 6.0 87.7 12.3 

P - - 



lodometri 
test 

1 Figure 1.10 
Test results with different plactamase 
tests for the detection of N. flonorrhoeae 

Positive samples are indicated by a 
colour change from yellow to red in the 
chromogenic cefalosporin test, from deep 
purple to colourless in the iodometric test, 
and from blue to yellow in the acidometric 
test 

drop of a starch solution (4 g / l  in distilled water, autoclaved and stored at 4 "C) 
is added, giving a deep purple colour to the mixture. A negative result is indi- 
cated when this colour remains for 5 minutes. A colour change to colourless 
within 5 minutes (normally within 1 minute) indicates a positive test. 

Chromogenic  cefalosporin test (26) 

Disc test. Hydrate a disc containing nitrocefin with a drop of distilled water 
and rub the growth from at least 5 colonies on to the disc. Positive results 
(red colour) become visible within 1 minute. 

Slide test. The chromogenic cefalosporin is available in a freeze-dried pow- 
der version, together with a special dilution buffer. A solution is prepared 
by adding the buffer to the powder. The resulting yellow solution is stable 
at 4 "C for some weeks. Aliquots may be kept frozen at -25 "C and are stable 
for many months. Place 1 drop of the solution on a slide. Pick up several 
colonies with a bacteriological loop, and emulsify them in the reagent. The 
appearance of a red colour within 30 seconds indicates the presence of the 
enzyme p-lactamase. 

12 LABORATORY DlAGWOSlS OF SEXUALLY TRANSMITTED DISEASES 

Tetracycline-resistant N. gonorrhoeae (TRNG) 
TRNG can be detected by an agar diffusion susceptibility test using a disc con- 
taining 30 pg of tetracycline. The procedure is described below. TRNG will give 
no, or a very small, zone of inhibition. Alternatively, TRNG can be detected by 
testing gonococcal isolates for their ability to grow on a medium containing tet- 
racycline at a concentration of 10 mgllitre. The minimum inhibitory concentra- 
tion (MIC) of tetracycline for plasmid-mediated resistant strains is 2 16 mg/l 
(27). 

1 . l 0  Antimicrobial susceptibility testing 
Antimicrobial susceptibility testing of gonococcal isolates is not required for 
gonorrhoea treatment in individual patients, as currently recommended treat- 
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ment regimens are adequate to cure gonococcal infections. Susceptibility pro- 
cedures may be recommended in the following circumstances: 

- for epidemiological investigations in reference laboratories, to provide basic 
susceptibility information and to monitor trends in drug resistance; 

- in STD laboratories with a high volume of tests as part of procedures to moni- 
tor the clinical efficacy of recommended treatment regimens; 

- for the study of new antimicrobial agents; 

- to provide information to the clinician in cases of treatment failure. 

Two different procedures can be used, disc diffusion and determination of 
minimal inhibitory concentration (MIC) using an agar dilution technique. For 
monitoring trends in drug resistance and for the study of new drugs, only the 
latter is recommended. 

The standardization of the test medium for both procedures remains controver- 
sial. At present, various types of media are used: 

- gonococcal (GC) agar base with 1% IsoVitaleX 

- GC agar base + 1% bovine haemoglobin and 1% IsoVitaleX 

- GC agar base + 1% growth supplement similar to IsoVitaleX but without 
L-cysteine hydrochloride 

- GC agar base + 1% Kellogg's supplement 

- proteose peptone No. 3 agar + 1% haemoglobin and 1% Kellogg's supple- 
ment 

- diagnostic sensitivity test agar + 5% lysed horse blood and 1% Kellogg's 
supplement. 

The latter medium is generally preferred and is recommended for testing sus- 
ceptibility to sulfonamides and trimethoprim because of its low content of 
antagonists to these antimicrobials (28). 

Disc diffusion 
This can be a convenient method for use by intermediate-level laboratories in 
screening individual isolates for antibiotic resistance, but it is much less accu- 
rate for epidemiological and surveillance studies than MIC determination. 
Standardized criteria for the interpretation of zone inhibition are available only 
for penicillin, tetracycline, spectinomycin and p-lactamase-resistant cefalosporins 
(29, 30). 

Prepare a suspension with gonococcal colonial growth from an overnight cul- 
ture on chocolate agar in a tube with 2 m1 of Mueller-Hinton broth or in 2 m1 of 
phosphate-buffered saline (PBS) and adjust to a turbidity equivalent to McFar- 
land standard 0.5 (see Table 1.3). Dip a sterile swab into the suspension and 
rotate the swab several times, then press it firmly on the inside wall of the tube 
above the fluid level to remove excess fluid. Streak the swab across the surface 
of the test medium evenly three times, rotating the plate approximately 60" each 
time to ensure an even distribution of the inoculum. Apply the antibiotic discs 
after 3-5 minutes and incubate the inverted plate in a humid atmosphere con- 
taining 3-7% carbon dioxide at 35-36 "C for 20 hours. Measure the inhibition 
zones using a sliding calliper and note the results, comparing to Table 1.5. 

A test plate with an internal diameter of 90 mm should contain a standardized 
volume of 25 m1 of medium and have a uniform depth of approximately 4 mm. 
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The use of plates within 7 days of preparation minimizes evaporation and is 
conducive to the formation of reliable and reproducible inhibition zones. 

MIC determination by means of the agar dilution technique 

The agar dilution technique is the reference method for the determination of 
gonococcal MICs. The procedure is too laborious to be used on a routine basis 
but is recommended for use by central-level reference laboratories to provide 
useful epidemiological information on antimicrobial resistance in defined geo- 
graphical areas, and to monitor drug resistance over a period of time as part of 
the longitudinal surveillance essential for formulating gonorrhoea treatment 
guidelines. 

Choice of antimicrobials 

The list of antimicrobials to be tested should include: drugs locally recommended 
and used for treatment of gonococcal infections; antimicrobials that may be can- 
didates for alternative treatment; and products useful for studying the epide- 
miology of N. gonorrhoeae. The most commonly tested products are: 

- benzylpenicillin (the results can usually be extrapolated to other P-lactamase- 
susceptible penicillins and cefalosporins); 

- tetracycline (the results may be extrapolated to other members of this group); 

- spectinomycin; 

- a p-lactamase-resistant cefalosporin (the most active is ceftriaxone); 

- a fluoroquinolone (the most active is ciprofloxacin); 

- thiamphenicol or chloramphenicol (there is a cross-reaction between the two 
drugs); 

- kanamycin; 

- the combination sulfamethoxazole-trimethoprim (19:l). 

Preparation of antimicrobial solutions (31) 

Antimicrobial powders can be obtained from pharmaceutical companies and 
should be suitable for susceptibility testing. Because most antibiotics are not 100% 

Table 1.5 
Interpretive standards for disc diffusion inhibition zones for N. gonorrhoeae 

l%ibltion zone diameter 

lntermediafe or 
Antimicrobial agent Disc content Resistant moderately susceptible Susceptible 

Ceftriaxone 30 M - 
Penicillina 10 1U S 26 
Spectinomycin 100 pg S 14 
Tetracyclineb 30 W S 30 

a Isolates with lQ lU  disc zone diameters of r 19 mm are usually penicillinase-producing N. gonorfhoeae (PPNG). 
Isolates with 30-m disc zone diameters of s; 19 mm are usually tetracycline-resistant N. gonorrhoeae (TRNG). 
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pure, the concentration used must be based on the activity or potency (active 
ingredient per mg) of the antibiotic, as specified by the manufacturer. Product 
information should also include the expiry date and storage instructions. Anti- 
biotics have to be incorporated into the agar medium in twofold dilutions above 
and below 1 mg/l, using a scheme in which 1 part of antimicrobial solution is 
added to 9 parts of agar. 

Ideally, prepare stock solutions by dissolving 128 mg or a weight equivalent to 
128 mg of active ingredient in a minimal amount of appropriate solvent (usu- 
ally 5-10 ml), and dilute further with distilled water to an exact volume of 
25 ml. These stock solutions contain antimicrobial product at a concentration 
of 5120 yg/ml, which is practical for preparing the working solutions. For sul- 
famethoxazole and trimethoprim, however, it is much more practical to dissolve 
a weight of 160 mg and to dilute to final volumes of 50 m1 to obtain stock solu- 
tions of 3200 pg/ml. By mixing 19 parts of sulfamethoxazole solution with 
1 part of trimethoprim solution, concentrations of sulfamethoxazole of 3040 
yg/ml and of trimethoprim of 160 yg /m1 are obtained. Dilutions from this stock 
solution deliver twofold amounts of trimethoprim above and below 1 yg/ml in 
the agar. Consequently, the MIC of sulfamethoxazole-trimethoprim (19:l) can 
be expressed as the trimethoprim concentration at values comparable to those 
of other antimicrobials. The solvents used in preparing stock solutions are shown 
in Table 1.6. 

Stock solutions can be sterilized by membrane filtration (0.22-pm filter), and 
stored in aliquots in tightly sealed vials at -20 "C, or, preferably, -70 "C for up 
to 6 months. When thawed, the solutions have to be used immediately and they 
should not be refrozen for later use. 

For further use, prepare a series of twofold working dilutions for each anti- 
biotic containing antimicrobial concentrations 10 times higher than the final 
concentrations to be obtained in the agar. A standardized scheme for preparing 
the working dilutions is shown in Table 1.7. 

The range of concentrations used should be adapted to each antibiotic and to 
local resistance levels. For antibiotics such as penicillin and tetracycline, wide 
variations exist in the susceptibility patterns of gonococcal isolates from dif- 
ferent countries. To reduce the number of concentrations that have to be tested, 
an approximation of the local susceptibility variation for such antibiotics is re- 

Table 1.6 
Solvents for the preparation of antimicrobial solutions for the determination 
of minimum inhibitory concentration 

Antimicrobial Solvent 

Ceftriaxone 
Chloramphenicol 
Ciprofloxacin 
Kanamycin 
Penicillin 
Spectinomycin 
Sulfamethoxazole 
Tetracycline 
Trimethoprim 

0.1 molll Phosphate buffer, pH 6.0a 
Methanol or ethanol 
0.1 molll Sodium hydroxide 
Water 
0.1 molll Phosphate buffer, pH 6.0a 
Water 
Hot water with a minimal amount of 2 molll sodium hydroxide 
Water 
0.05 mol/l Hydrochloric acid 

3 e e  Table 1.4. 
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quired. If unknown, it may be obtained by determining the lower and upper 
limits of the susceptibility ranges for these products on a small number of iso- 
lates. Where appropriate, the concentrations tested should include the critical 
concentrations at which significant treatment failures may be expected when 
using recommended drug dosages. Susceptibility and resistance MIC break- 
points are shown in Table 1.8. In general, it is more relevant and important to 
know the upper rather than the lower limits of the MIC values. 

Preparation of MlC agar plates 

Prepare the medium with dehydrated base and water. The volume of water 
should be appropriate for the medium formula minus the volume of enrichments 
and antibiotics to be added later. Dispense the medium into containers to an 
appropriate volume for the number of plates to be prepared for each antibiotic 
dilution, which will depend on the number of strains to be tested. Autoclave 
the agar medium in tightly closed containers, then allow it to cool down to a 
temperature of 50-55 "C in a water-bath before adding sterile supplements and 
a 10% volume of prepared antimicrobial solutions. Mix gently and pour approxi- 
mately 20 m1 of medium into plates (internal diameter 90 mm) to give a layer 

Table 1.7 
Table for preparing dilutions of antimicrobial agentsa for the determination 
of minimum inhibitory concentration 

Antimicrobial solution Volume Concentration of Final concentration at 
+ distilled = working dilution 1:lO dllution in agar 

Step Concentration Source Volume water (clelml) (clelml) 
(MIlml) (m11 (m11 

1 5120 Stock 

2 5120 Stock 1 1 2560 256 
3 5120 Stock 1 3 1280 128 
4 5120 Stock 1 7 640 64 

5 640 Step 4 1 1 320 32 
6 640 Step 4 1 3 160 16 
7 640 Step 4 1 7 80 8 

8 80 Step 7 l 1 40 4 
9 80 Step 7 1 3 20 2 

10 80 Steo 7 1 7 10 1 

11 10 Step 10 1 1 
12 10 Step10 1 3 
13 10 Step10 1 7 

14 1.25 Step 13 1 1 
15 1.25 Step l 3  1 3 
16 1.25 Step 13 1 7 

17 0.156 Step l 6  1 1 
18 0.156 Step l 6  1 3 
19 0.156 Step l 6  1 7 

"or the combination sulfamethoxazole-trimethoprim (19:l) the stock solutions contain 3200 1.18 per ml. By using the above 
scheme, working dilutions of 1600, 800,400, 200, 100, 50 and 25 1.18Iml and final agar dilution concentrations of 160,80, 
40, 20, 10, 5 and 2.5 1.18/ml, respectively, will be obtained, corresponding to final trimethoprim concentrations of 8, 4, 2, 1, 
0.5, 0.25 and 0.125 pglml, respectively. 
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Table 1.8 
Antimicrobial minimal inhibitory concentration (MIC) interpretive standards 
and break-points for susceptibility and resistance for N. gonorrhoeae 

MIC ( u ~ l m l l  

Antimicrobial Susceptible Resistant 

Ceftriaxone r 0.25 - 
Chloramphenicol 10.5  1 2  
Ciprofloxacin 10.25 
Kanamycin 132 r 128 
Penicillin 10.06 2 2 
Spectinomycin 1 3 2  2 128 
Tetracycline 20.5  2 2 
Trimethoarim-sulfamethoxazole (1 :l91 10.519.5 r 4R6 

of 3.5 mm. Once the agar has solidified, store the plates in sealed bags at 4 "C 
until use. In these conditions, there is no significant loss of antimicrobial acti- 
vity for up to 1 week. However, for penicillin, which is less stable, it is recom- 
mended that the plates are used within 3 days. 

MIC procedure 

Preparation 4 inoculum. Suspend a small quantity of growth from an over- 
night subculture on chocolate agar or Columbia blood agar in tryptic soy 
broth (TSB) or Mueller-Hinton broth (MHB). Homogenize the suspension on 
a vortex mixer and adjust the turbidity to that of McFarland standard 0.5 
(Table 1.3, Fig. 1.11), giving a concentration of approximately 108 colony-form- 
ing units (Cm)  per ml. Dilute the suspension 1:10 in TSB or MHB to obtain 
107 CFU/ml. Place a 0.5-m1 aliquot of each suspension into the correspond- 
ing well in a replicator seed block. 

Inoculation of plates. The MIC test plates have to be dried by placing them in 
an incubator in an inverted position with the lids ajar. A multipoint inocu- 
lum replicator (Fig. 1.12) stamps approximately 1-2 p1 of each suspension 
on to the agar surface in circular areas with diameters of 5-7 mm, giving a 
final bacterial inoculum of approximately 104 CFU per spot. When testing 
small numbers of strains, a calibrated loop may be used. Inoculate a nega- 
tive control plate (containing no antimicrobial product) first, followed by the 
plates containing the different antimicrobial products, starting with the lowest 
concentration for each antibiotic. Finally, inoculate a second negative con- 
trol plate to ensure that there has been no antimicrobial carry-over or con- 
tamination during the inoculation. WHO gonococcal reference strains or 
ATCC strain 49226 of known susceptibility (Table 1.9) should be included 
for each antibiotic. Allow the inocula to dry, invert the plates and incubate 
them in an atmosphere containing 3-7% carbon dioxide with high humidity 
at 35-36 "C for 18-24 hours. 

Reading of results. Record the MIC as the lowest concentration of antimicro- 
bial agent that completely inhibits growth, disregarding a few single colo- 
nies or a fine barely visible haze (Fig. 1.13). The growth on both control plates 
should be confluent and without contamination. The results of the control 
WHO and ATCC reference strains should be in agreement with the values 
shown in Table 1.9. 
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1 . l1  Conservation of isolates 
To maintain the viability of gonococcal strains on chocolate agar, it is necessary 
to make daily subcultures. On Columbia blood agar, gonococci survive for at 
least 48 hours. For short periods of storage (up to 3 months), a thick suspen- 
sion of growth from an overnight culture on chocolate or Columbia blood agar 
can be placed in a small vial or tube containing 0.5 m1 of sterile skim milk or a 
nutritive broth with 20% glycerol and kept frozen at -25 "C. For longer periods 
of storage (up to several years), suspensions in polypropylene tubes with skim 

Table 1.9 
Acceptable quality control ranges of minimal inhibitory concentrations (MIC) 
for N. gonorrhoeae reference strains 

MIC ranges (pg/rnl) 

Strain Penicillin Tetracycline Spectinornycin Ceftriaxone 

ATCC 49226 0.25-1 .O 0.25-1 .O 8-32 0.004-0.015 
WHO A 0.008-0.01 5 0.25-1 .O > 64 <0.001 
WHO B 0.01 5-0.1 25 0.1 25-0.5 8-32 0.002-0.004 
WHO C 0.06-1 .O 0.5-4.0 16-32 0.008-0.01 5 
WHO D 0.5-4.0 2-1 6 8-1 6 0.008-0.01 5 
WHO E 24 0.5-2 8-32 0.001-0.002 
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R~EUI~S  of MIC determina. 
tion uslnp the agar dilution 
technique 

milk can be kept frozen at -70 "C. Gonococcal strains can be preserved indefi- 
nitely by lyophilization or by storage of suspensions in a cryoprotective me- 
dium (e.g. nutritive broth + 20% glycerol) in cryovials in liquid nitrogen. 
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23 CHAPTER 2. CHLAMYDIA TRACHOMATIS INFECTION 

release of mature, infectious EBs occurs by lysis of the host cell or by extrusion 
of chlamydial inclusions (2). 

The most accurate method for the diagnosis of C. trachomatis infections in clini- 
cal specimens from all sites is a tissue culture technique employing ciclohexi- 
mide-treated McCoy cells (3). Non-culture methods for the direct detection of 
chlamydial antigen in clinical specimens, based on either microscopic demon- 
stration of organisms using fluorescein-labelled monoclonal antibodies or 
immunochemical detection of solubilized chlamydial components, are now 
widely available. Direct microscopy using Giemsa stain is relatively insensitive 
for diagnosing genital tract infections and can be recommended only for eye 
specimens obtained from symptomatic patients with inclusion conjunctivitis or 
trachoma. Papanicolaou stain performed on cervical smears for the detection 
of chlamydial inclusions has been found to be both insensitive and non-specific 
and cannot be recommended as a diagnostic method for cervical C. trachomatis 
infection (4). 

2.2 Collection and transport of specimens 
Appropriate sampling devices 

Sampling sites 

When choosing a sampling swab, its potential toxicity for Chlamydia and for tis- 
sue culture cells must be considered. Swab components, including fibre, shaft 
and glue, may be toxic to host cells and inhibitory to chlamydial growth. Plas- 
tic or metal shafts are better than wooden sticks, which are cytotoxic in cell 
culture. Rayon and PET fibres are superior to calcium alginate (5 ,6) .  When cot- 
ton-tipped swabs are used, they should be tested for toxicity on cells and for 
inhibition of chlamydial growth using a laboratory strain of C. trachomatis. 
To avoid problems with toxicity of swabs that have not been pre- 
tested, the collected specimens should be homogenized in the transport medi- 
um by vigorous shaking, after which the swab should be removed only after 
forcing the liquid from it by pressing it against the inner wall of the transport 
vial. The cytobrush, a small brush on a wire or plastic shaft, is an excellent 
device for collecting cervical specimens. It can collect more material and can 
increase the sensitivity of Chlamydia detection methods (7). 

Appropriate sites for specimen collection include the conjunctiva in the case of 
trachoma or inclusion conjunctivitis, the nasopharynx in the case of infant pneu- 
monia, the anterior urethra and the cervix in the case of genital infection and, 
sometimes, the rectal mucosa and the throat. For LGV, the likely specimens are 
bubo pus, rectal swabs and biopsies. 

Eye. Lift and preferably evert the eyelid. Collect epithelia1 cells by rubbing a 
swab over the mucosa. 

Nasophaynx. For infant pneumonia, insert a swab through the nostrils to the 
pharyngeal wall (although tracheobronchial aspirates collected by intubation, 
yielding more organisms, are considered superior specimens). 

Throat. Collect a specimen from the region of the tonsillar crypts and the pos- 
terior pharynx with a swab. 

Rectum. Specimens are best collected using an anoscope for direct visualization 
of erythematous, friable mucosa and areas of mucopus. Alternatively, insert a 
swab 3 cm into the anal canal and rotate it for 10 seconds to collect exudate 
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Figure 2.2 
Inoculation of C, t ra lo -  
matis transport medium 
with an appropriate swab 

The swab is inserted into a 
cryovial and the top is cut 
off. The specimeos are 
dispalcherl in a box 

from the crypts just inside the anal ring. As rectal specimens frequently cause 
contamination or cytotoxicity in tissue culture, it is advisable to sonicate them 
prior to inoculation. 

Urethra. Introduce a thin swab 3-4 cm into the urethra and gently scrape the 
mucosa by rotating the swab for 5-10 seconds. 

Cervix. Before obtaining specimens from the cervix, clean the exocervix using a 
forceps with gauze or a large cotton-tipped swab to remove external secretions. 
Then insert a specimen swab 2 cm into the cervical canal and rotate it for 10 
seconds, gently scraping epithelia1 cells from the wall. 

Bubo pus. If the bubo is fluctuant, aspirate pus with a syringe and needle. If the 
bubo is not fluctuant, inject sterile saline and then aspirate. Before inoculation 
on tissue culture, homogenize the specimen in the culture medium to obtain a 
10-20% (w/v) suspension and inoculate 10-l and 10-2 dilutions; this reduces 
cytotoxicity. Homogenization and dilution are also required for biopsy material. 

Transport of specimens 
Specimens for tissue culture should be inoculated and transported in cryovials 
containing 0.8-1 m1 of transport medium (Fig. 2.2); the most commonly used is 
sucrose phosphate transport medium, a phosphate-buffered sucrose solution con- 
taining fetal calf serum and antimicrobial inhibitors (8). The immediate inocu- 
lation of specimens (within 2 hours) on to tissue culture cells yields the highest 
rate of success. If they are processed within 24 hours, specimens should be re- 
frigerated at 4 OC immediately after collection. If the time between collection 
and inoculation of the specimens is likely to be longer than 24 hours, they should 
be frozen and stored at -70 "C (6,9). 

Specimens for non-culture detection methods should be transported in appro- 
priate containers according to the instructions of the manufacturer of the diag- 
nostic product. 

2.3 Culture 
Tissue culture cells and medium 

Cell lines that have been widely used for C. trrrchomatis isolation include cer- 
tain clones of HeLa-229, baby hamster kidney cells (BHK-21) and McCoy cells 
(10). Cell lines of the same name may differ in quality and in susceptibility to 
chlamydial infection from laboratory to laboratory owing to differences in origin 
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and maintenance (11). The quality of cell lines may also be reduced because of 
contamination by mycoplasmas. The most common culture technique involves 
the inoculation of clinical specimens into cicloheximide-treated McCoy cells (3). 
Cicloheximide is a glutarimide antimicrobial which reduces the metabolic 
activity of eukaryotic cells. 

Culture of McCoy cells and passage to test vials 

McCoy cells are grown at 37 "C in 250-m1 culture bottles using a selective Chla- 
mydia cell growth medium. Subcultures should be made once or twice a week. 
Before passage, check with a stereoscopic microscope to ensure that the cells 
are in good condition and have formed a confluent layer. Pour off the growth 
medium and wash the cell layer 3 times with phosphate-buffered saline, pH 
7.2. Add 5 m1 of 2.5% trypsin (1:250) solution. Using this solution, 1 g of trypsin 
will digest (hydrolyse) 250 g of substrate. Aspirate the trypsin solution after a 
few minutes and check that the cells remain in the bottle. Add 10 m1 of cell 
growth medium and shake the bottle in order to loosen the cells from the growth 
surface. Determine the number of cells per m1 and adjust the suspension with 
cell growth medium to a density of 2 X 105 cells per ml. Aliquots of 1 m1 of this 
suspension are dispensed on to 13-mm coverslips contained in 15-mm diame- 
ter, disposable, flat-bottomed vials. To maintain the McCoy cell line, transfer 
15 m1 of the cell suspension (15 X 2 X 105 = 3 X 106 cells) mixed with 10 m1 of 
cell growth medium to a new tissue culture bottle. After incubation for 1 day 
at 37 "C, the cell culture vials are ready for use (Fig. 2.3). 

Isolation of C. trachomatis 

C. trachomatis EBs are released from intact host cells in the clinical specimen by 
adding glass beads and by shaking vigorously on a vortex mixer for 30 seconds. 
The cell growth medium from the test vials is removed from the cell monolayer 
and replaced by 0.4-0.5 m1 of specimen in transport medium. If passage of 
positive material or blind passage of negative material is required, two vials 
have to be inoculated and processed. Centrifuge the specimens at 3000g for 
1 hour at 35 "C, then place the vials in an incubator at 36-37 "C for 2 hours. 
Following incubation, remove the fluid in the vials by aspiration and replace 
with 2 m1 of Chlamydia isolation medium, which is similar to the cell growth 
medium but supplemented with 2 yglml of cicloheximide and 0.6 mglml of 
glucose. Incubate the vials at 36-37 "C for 72 hours. In order to examine the cul- 
tures, remove the isolation medium by aspiration. Wash the cell layer twice with 
phosphate-buffered saline and fix with 1 m1 of methanol for at least 5 minutes. 
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Figure 2.4 
Mahogany-coloured 
inclusions of C. trachmatis 
after treatment with iodine 
(X 400) 

Figure 2.5 
Typical C. tracbomafis 
inclusions alter Glemsa 
staining (X 1000) 

After removing the methanol stain the cells with 0.5 m1 of 5% iodine solution 
for 5-10 minutes. After aspiration of the iodine solution, remove the coverslips 
from the vials with small tweezers and place, cell side down, into a drop of io- 
dine-glycerol solution on a glass slide. Examine the slide microscopically at X 100 
magnification for the presence of typical dark-brown inclusions surrounded by 
a halo. Confirm the specific characteristics of the inclusions at X 400 magnifica- 
tion to exclude false-positive particles and artefacts. C. trachmatis consumes 
glucose and produces glycogen, which reacts with iodine to produce a mahog- 
any colour (Fig. 2.4). 

For culture passage, remove the isolation medium from the second (paired) vial, 
scrape the cells from the coverslip with a sharp pipette tip and disrupt them 
further by adding 0.5 m1 of cell growth medium and glass beads, and by shak- 
ing on a vortex mixer for 30 seconds. After sedimentation of debris, inoculate 
the supernatant on a fresh monolayer and treat as described above. Blind passage 
may increase the isolation rate by 10% for symptomatic patients and by 30% 
for asymptomatic patients. 

Although some laboratories prefer Giemsa staining, which is claimed to be more 
sensitive than iodine, the microscopic evaluation is somewhat more difficult. 
Slide reading can be facilitated by examining the Giemsa-stained cells by dark- 
field microscopy (Fig. 2.5). 

An alternative to iodine or Giemsa staining is the use of an imrnunofluorescence 
technique with fluorescein-labelled monoclonal antibodies (for method see sec- 
tion 2.4). This technique can speed up the process by 1 day since inclusions can 
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clearly be seen after 48 hours of incubation (Fig. 2.6). A further advantage is 
the identification of a greater number of inclusions, resulting in increased sen- 
sitivity especially for specimens from asymptomatic patients, making a second 
passage unnecessary. 

2.4 Non-culture detection methods 
Direct microscopy 

Figure 2.6 
Apple-green-coloured 
inclusions of C. trachomatis 
after treatment with 
fluorescein-labelled 
monoclonal antibody 
(X 500) 

Giemsa staining 

The presence of mucus, cell debris, microorganisms and a small number of in- 
fected cells all hamper microscopic diagnosis of chlamydial infection. Direct 
Giemsa-stained smears of genital specimens have a very low sensitivity as com- 
pared with cultures and cannot be recommended for urethral or cervical mate- 
rial. For acute eye infections, however, Giemsa staining is a useful diagnostic 
method. 

Roll the swab with the clinical specimen over a glass slide. Allow the smear to 
dry in air, fix with methanol for at least 5 minutes and dry again. Flood the 
slide with freshly prepared Giemsa solution for 1 hour. After rinsing in 95% etha- 
nol, dry the smear and examine microscopically for the presence of Chlamydia. 
EBs stain purple, but the intracytoplasmic inclusions in epithelia1 cells contain- 
ing RBs are more typical since they are more basophilic and tend to stain blue. 
Cytoplasmic areas around the inclusion are grey whereas the nucleus of the cell 
stains pink (Fig. 2.7). 

Figure 2.7 
Direct Giemsa staining on 
eye exudate showing 
intracytoplasmic inclusions 
of C. trpshomatis (X 1000) 
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Figure 2.10 
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Figure 2.1 1 
Basic mechanism of 
enzymatic amplification 

showing yellow-green rather than apple-green fluorescence are a source of false- 
positive results. 

Classical ELlSAs 

There are several commercially available kits using ELISA procedures for the 
detection of chlamydial antigen in clinical specimens (4). Most of them detect 
chlamydial lipopolysaccharides (LPS). In some tests, these are extracted from 
the host cells in the clinical specimen using a detergent solution, in others the 
antigen is extracted into a solution by heating. The test methods range from 
direct antigen detection to antigen-capturing, with or without enzymatic am- 
plification to enhance the sensitivity of detection (the basic mechanisms are 
illustrated in Figs. 2.10 and 2.11). 

ELISA systems are more suitable than the DFA technique for batch processing 
of large numbers of specimens. Although the more objective reading of ELISA 
results with a photometer has an advantage over the subjective microscope read- 
ing required in the DFA technique, the overall sensitivity and specificity of the 
two methods are similar. Both low sensitivity (particularly a problem with 
asymptomatic patients) and a non-optimal specificity dramatically decrease the 
reliability of a test in low-prevalence populations. To date, at least some of the 
ELISA procedures include a confirmation (neutralization or blocking) assay for 
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positive specimens: the presence or absence of chlamydial antigen in a sample, 
reactive in ELISA, can be determined through selective inhibition of the anti- 
gen by Chlamydia-specific immunoglobulin when the sample is retested with the 
ELISA test (17,18). When a reduction in optical density (OD) of at least 50% is 
observed with the immunoglobulin-treated specimen compared to the OD of 
the non-treated sample, the presence of chlamydial antigen is specifically con- 
firmed. 

Rapid assays 

Rapid assays for the direct detection of chlamydial antigen in clinical specimens 
- giving results within 30 minutes - have recently been developed. These as- 
says require a minimum of direct "hands on" manipulation, need no sophisti- 
cated equipment, and permit rapid diagnosis in field conditions (19). To date, 
three rapid assays have been made commercially available: 

The Surecell Chlamydia test, based on direct-binding monoclonal antibody, 
detects Chlamydia species-specific LPS. LPS is extracted with different solu- 
tions directly into a test device, where it adheres to a membrane, after which 
it is treated with peroxidase-labelled monoclonal antibody. The presence of 
peroxidase enzyme is visualized using a specific dye solution. The test is de- 
signed for use on cervical, urethral, male urine and ocular specimens. 

The Clearview Chlamydia test detects LPS extracted with a buffered solution 
at 80 "C. The extract is added to the test sample pad which contains coloured 
latex particles coated with monoclonal antibodies. The specimen extract- 
latex mixture moves up chromatographically, by capillary action, through 
a membrane strip to a line zone of immobilized monoclonal antibodies 
to chlamydial antigen. If the extract-latex mixture contains chlamydial antigen, 
then the latex-labelled antibody-antigen complex is bound, producing a 
coloured line. This test is designed for use with endocervical specimens only. 

The Testpack Chlamydia test should also be performed only on endocervical 
specimens. LPS extracted from the clinical specimens is added to a reagent 
disc and immobilized. The disc is treated with antibody to C. trachomatis, with 
P-galactosidase-labelled immunoglobulin and with a chromogen. A red- 
coloured positive sign (+) indicates that the specimen contains C. tracho- 
matis antigen. A negative sign (-) indicates that the specimen is properly 
extracted but contains no antigen. 

Nucleic acid probes and nucleic acid amplification 
Non-culture detection technology continues to advance. Tests based on the rec- 
ognition of DNA and RNA sequences have been developed (20). The probe 
assay chemiluminescence-enhanced (PACE) test is a non-isotopic DNA probe 
for the detection of specific parts of rRNA of C. trachomatis in endocervical and 
urethral specimens. Its specificity seems to be higher than that of EIA assays 
but its sensitivity is not, and it is therefore far from ideal for asymptomatic 
populations. 

DNA isolation procedures followed by polymerase chain reaction (PCR) or ligase 
chain reaction (LCR) have been described more recently (21,22). Amplified DNA 
products are detected by enzyme immunoassay using photometric detection of 
a coloured product. Commercial products of PCR and LCR show a higher sen- 
sitivity than cell culture or other non-culture methods for detecting chlamydial 
infection of the urethra and cervix. Recent data also suggest that testing of male 
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2.5 Serology 

and female urine specimens for C. trachomatis by PCR or LCR may be as sensi- 
tive as, or even more sensitive than, the usual cell culture of urethral and cervi- 
cal specimens for the detection of chlamydial infection (23-26). 

To date, all available serological methods have been of limited use in the diag- 
nosis of acute chlamydial infections (4,11). None of the methods is useful for 
the diagnosis of C. trachomatis infection of the lower genital tract or for chlamy- 
dial conjunctivitis. Chlamydial respiratory infections and sexually transmitted 
infections are common conditions and serum antibodies persist after infection, 
inducing chlamydial antibody in a high number of individuals who are no longer 
currently infected. In spite of the claims of several manufacturers, none of the 
available tests performed on a single serum sample can provide accurate diag- 
nostic evidence of current C. trachomatis infection. While the detection of high 
levels of IgG antibody (titres of > 1:256) may support the diagnosis of LGV, 
infant pneumonia, salpingitis, perihepatitis and epididymitis, the presence of 
IgM (serum titre of > 1:32) is more valuable. Diagnostic evidence can be obtained 
by demonstration of seroconversion in paired sera, but these are rarely avail- 
able. Antibodies to C. trachomatis can be detected by various serological proce- 
dures: 

Complement fixation (CF) is the most widely used serological test for diag- 
nosing chlamydial infections and detects antibody to C. trachomatis, C. pneu- 
moniae, and C. psittaci. A serum titre of > 1:16 indicates recent or past expo- 
sure to Chlamydia. CF may be used for the presumptive diagnosis or to sup- 
port the diagnosis of psittacosis and LGV. Because of the chronic nature of 
LGV, a CF test result on a single serum sample can be interpreted as follows: 
a titre of 1:256 strongly supports the diagnosis of LGV, while a titre of 
c 1:32 rules out this diagnosis (27). Reagents for CF are commercially avail- 
able. C. psittaci is a common pathogen in guinea-pigs. It is therefore irnpor- 
tant to guarantee the absence of chlamydial antibody in guinea-pig comple- 
ment used in the test. 

MicroimmunofZuorescence (MIF) uses as antigens formalin-fixed EBs of vari- 
ous C. trachomatis serovars obtained from strains grown in the yolk sac of 
embryonated eggs (28, 29). The preparation of antigens is complex and 
laborious and, to date, the use of MIF has been limited to a few research 
laboratories. Ready-to-use antigens are not widely available. 

Antigen dots are placed on a glass slide in a specific pattern according to mark- 
ings made by a fine pen (Fig. 2.12). Antigen dots are air-dried and fixed with 
acetone. Twofold serum dilutions (1:8 and above) are applied on the different 
antigen clusters. After incubation and rinsing, fluorescein-labelled immunoglobu- 
lin (IgG or IgM) is added. Slides are again incubated, rinsed, mounted with a 
coverslip and examined with a fluorescence microscope. The reaction end-points 
are read as the dilution showing a definite fluorescence of EBs in each dot. The 
identification of a serovar-specific response is based on the difference in reac- 
tion end-points: the antigen reacting with the highest serum dilution indicates 
the serovar of C. trachomatis involved. 

Single-antigen whole-inclusion test. The antigen used for this test consists of 
chlamydial inclusions of a tissue culture infected with a C. trachomatis LGV- 
L, strain: this serovar broadly cross-reacts with chlamydial antibodies to all 
serovars (30). Single-antigen immunofluorescence has a sensitivity similar 
to or slightly higher than that of CF. There is also a cross-reaction with anti- 
body to C. pneumoniae and there are no well established cut-off values for 
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tions to the medium in tissue culture infected with a suspension containing a 
standardized inoculum of C. trachomatis organisms of approximately 104 inclu- 
sion-forming units (IFU) per m1 (34). A procedure using two series of vials with 
coverslips is recommended. After a 48-hour incubation period, one series of 
dilutions is microscopically examined for the presence of inclusions. Aberrant 
inclusions, frequently induced by antibiotics, are not recognized by iodine or 
Giemsa, so it is preferable to use an immunofluorescent staining technique. The 
MIC is the lowest concentration of antibiotic that completely inhibits the devel- 
opment of inclusions and this should be determined by the blind passage of 
the cells from the paired vials to fresh cell cultures. In general, results are ex- 
pressed as an MIC and an IC,, the antimicrobial concentration which reduces 
the inclusion count by 50% as compared with control vials without antibiotics 
containing a similar inoculum. 

Antimicrobial susceptibility testing is a delicate and laborious procedure only 
feasible in reference laboratories and may be useful for: monitoring drug re- 
sistance to tetracycline and erythromycin; clinical treatment studies; and assess- 
ment of the in vitro activity of new drugs. 

2.8 Conservation of isolates 
C. trachomatis clinical isolates (or strains for use in serological tests) can be stored 
for future testing. Serial passage of cultures is made in vials with coverslips con- 
taining a monolayer of McCoy or HeLa cells until at least 10% of the cells con- 
tain inclusions. The cell material is then harvested by disrupting the cells on 
the coverslip by means of a sharp pipette tip and, after adding glass beads, by 
vigorous shaking on a vortex mixer. The material is aspirated and suspended 
in a sucrose-phosphate-glutamate storage medium and stored at -70 'C or in 
liquid nitrogen. 
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CHAPTER 3 

Syphilis 

3.1 Introduction 
The genus Treponema contains four human pathogens: T. pallidurn pallidurn (which 
causes syphilis), T.p. pevtenue (yaws), T.p. endemicurn (endemic syphilis), and 
T. carateurn (pinta). Morphologically and antigenically, the four pathogens are 
identical. They can be differentiated only by their epidemiology, clinical 
manifestations and mode of transmission. 

Venereal syphilis is a chronic infection with diverse clinical manifestations 
(Fig. 3.1). T. pallidurn is transmitted through direct contact with an infectious 
lesion of mucous membranes or abraded skin. Bacterial multiplication occurs 
preferentially at the site of entry, provoking a primary chancre after 10 days to 
3 months, usually 3 weeks. Treponemes are detectable in specimens from these 
lesions using dark-field or fluorescence microscopy. Serum antibodies can be 
detected 1-4 weeks after the chancre has formed. This primary lesion heals 
spontaneously over a period of 2-5 weeks, which is usually followed by an 
asymptomatic period of 6 weeks to 6 months. Secondary lesions occur in dif- 
ferent organs and tissues of the body. These lesions are microscopically positive 
and all serological tests are reactive. Secondary lesions heal spontaneously over 
a period of 2 4  weeks. An asymptomatic or latent period, which can last for 
years or even a lifetime, then follows: during the early latent stage (less than 1 
year's duration) all serological tests are reactive, but during late latent syphilis 
the reactivity in non-'rreponemal tests decreases over time. Tertiary syphilis oc- 
curs in 10-30% of untreated patients, sometimes 20 years after the initial infec- 
tion. About 30% of patients with late syphilis show non-reactive non-trepone- 
mal tests; treponemal tests are almost always positive (Fig. 3.2). 

In children born with congenital syphilis, clinical manifestations may be present 
at birth but are more often not seen until the children are 3 weeks to 6 months 
of age. Children born to mothers suffering from active or recently treated syphi- 
lis show positive results in treponemal tests and very often in non-treponemal 
tests. The detection of serum IgM antibodies can contribute to the diagnosis. 

Figure 3.1 
Various stages and glinical 
manifestations of venereal 
syphilis 
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However, in most children with congenital syphilis, IgM antibodies can only 
be detected after a few weeks to a few months. If the mother is infected late in 
pregnancy, the serum of the infected infant may be negative in all serological 
tests. 

Applici n of dark-field microscopy 
Dark-field microscopy is the only method which allows an instant and direct 
diagnosis of infection with T. pallidurn in early acquired and early congenital 
syphilis (1). Therefore it is recommended for STD clinics and the hospital labora- 
tory. However, as explained below, its use in practice is very limited, as strict 
technical conditions are essential to produce reliable results. 

In dark-field microscopy only light rays striking organisms or particles at an 
oblique angle enter the microscope objective, giving rise to a luminous appear- 
ance against a black background. Dark-field microscopy has to be performed 
by well-trained and experienced personnel who are able to adjust the micro- 
scope correctly and to differentiate T. pallidurn from non-pathogenic treponemes 
and other spiral organisms commonly found on genital and anal mucous mem- 
branes. 

As the oral cavity is often colonized by spirochaetes other than treponemes, dark- 
field examination of material from oral lesions is not recommended. 

Collection and preparation of specimens for dark-field microscopy 
Primary and secondary lesions of syphilis can be examined by dark-field mi- 
croscopy. The ideal specimen is serous fluid free of red blood cells. Clean the 

l lesion carefully with gauze and saline. Gently abrade the lesion with dry gauze 
I and squeeze to produce a serous exudate. The chance of visualizing treponemes 

decreases as the size of the ulceration increases. If bleeding occurs, wipe the 
I drops of blood away and transfer the serous liquid that appears to a glass slide 

using a thin stainless steel spatula or a bacteriological loop, or by pressing the 
l slide directly on to the fluid. The material may be mixed with a drop of saline 

to give a homogeneous suspension which can then be covered with a coverslip. 
1 Examine the slide immediately. Specimens for dark-field microscopy should not 

I be transported as the motility of the organisms is crucial for identification. Any 
delay in examination rapidly reduces this motility. 
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Figure 3.3 
T. pallidum in dark-field 
microscopy (X 400) 

Examination of the specimen with a dark-field microscope 
Place a few drops of immersion oil on the condenser of a previously adjusted 
dark-field microscope. Lower the condenser slightly so that the oil is below the 
level of the plain stage. Place the slide on the microscope and raise the condenser 
until there is good contact between the oil and the bottom of the slide. Avoid 
trapping air bubbles in the oil. Do not place oil on top of the coverslip. Bring 
the specimen into focus by means of the low-power objective (X 10). Centre the 
light in the field by adjusting the centring screws located on the condenser, and 
focus the condenser by raising and lowering it until the smallest possible 
diameter of light is obtained. Recentre the light if necessary. Then use the dry 
X 40 objective, bring the specimen into focus, and examine the slide carefully. 
The contrast will be better when the microscopy is carried out in the dark. Avoid 
bright daylight. 

T. pallidum appears white, illuminated on a dark background. The organism is 
identified by its typical morphology, size and movement. It is a thin (0.25- 
0.3 pm) organism, 6-14 pm long, with 8-14 regular, tightly wound deep spirals 
(Fig. 3.3). It exhibits quick and rather abrupt movements. It rotates relatively 
slowly about the longitudinal axis (like a corkscrew). This rotation is accompa- 
nied by syncopated bending or twisting in the middle of the organism. Length- 
ening and shortening (like an expanding spring) may be observed. Distortion 
may occur in tortuous convolutions. When the organism is attached to, or 
obstructed by, heavier objects, the resulting vigorous struggling distorts the coils. 
Other atypical spirochaetes may be loosely coiled, thick and coarse; the move- 
ments are different - unlike a corkscrew - taking the form of a writhing motion, 
with marked flexion and frequent relaxation of the coils. 

The demonstration of treponemes with the morphology and motility character- 
istic of T. pallidum constitutes a positive diagnosis for primary and secondary 
syphilis. Patients with a primary chancre that is dark-field positive may be 
serologically negative. They normally show antibodies within several days to 
a few weeks. 

Failure to visualize the organism does not exclude a diagnosis of syphilis. Nega- 
tive results may mean: 

- the number of organisms present in the specimen is insufficient (a single 
dark-field examination has a sensitivity of no more than 50%); 
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- the patient has already been treated; 

- the lesion is approaching natural resolution; 

- the lesion is not syphilitic. 

Whatever the result of khe dark-field examination, blood should always be tak- 
en for serological tests. 

' 1~ 
I Dir$et fluorescent antibody (DFA) test (2) 

I / 
3.3 Serology 

The collection method /described for dark-field microscopy is applicable to the 
DFA test. Dry the slidqs in air and fix with acetone or methanol, after which 
they can be packed for transport to the laboratory. After adding fluorescein- 
labelled anti-T. pall idu~ globulin, incubation and washing, examine the slides 
with a fluorescence microscope. Both the specificity and sensitivity of the DFA 
test are superior to that of dark-field microscopy because the former specifically 
detects T. pallidurn so that confusion with other spiral organisms is eliminated, 
and because motile organisms are not required for fluorescence microscopy. 

I-treponemal tests 
I I1 

All of the current non-treponemal procedures for syphilis are flocculation tests 
using cardiolipin, lecithin and cholesterol as antigen. It is thought that anti- 
lipid IgG and IgM are formed in the host response to lipoidal material released 
from damaged host cells early in infection as well as to lipid from the cell sur- 
face of the treponemal organism. All non-treponemal tests are performed in a 
similar manner: after human serum or plasma is mixed with antigen and rotated 
for a few minutes, the flocculation can be observed. The first in the series of 
slide flocculation tests was the Venereal Disease Research Laboratory (VDRL) 
test. The basic antigen composition in all newer tests is the same as that of the 
VDRL. All the methods are quite similar in sensitivity and specificity. 

Microscopic cardiolipin tests 

VDRL test: the antigen is not stabilized and a suspension must be freshly 
prepared on the day of use. The test should be performed on heated (56 "C) 
serum and the results are read with a microscope at X 100 magnification (3). 

The unheated serum reagin (USR) test is an improved version of the VDRL 
test performed on unheated serum and using a stabilized antigen (4). 

M a ~ r o s ~ o p i c  cardiolipin tests 

The rapid plasma reagin (RPR) test (5) was first designed as a "teardrop" 
version for field-te$ting of finger-prick plasma specimens (6). The main 
advantages of the RPR over the VDRL are the use of a stabilized antigen, 
the use of cards instead of slides, and the addition of charcoal particles to 
the antigen. The antigen is not coated on these particles but the charcoal is 
trapped in the lattice formed by the antigen-antibody complex of reactive 
samples, causing the reaction to become visible to the naked eye. Subse- 
quently, a more conventional laboratory assay was developed for testing 

I 
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unheated serum or plasma which has a modified antigen formula and uses 
ringed plastic-coated cards (7). 

The RPR is the most widely available macroscopic cardiolipin test and is in 
common use. The so-called VDRL-charcoal tests, commercially available from 
various manufacturers, are not real VDRL but RPR tests. 

There are at least two minor modifications of the RPR: the reagin screen test 
(RST) uses a lipid-soluble black dye instead of charcoal (8); and the tolui- 
dine red unheated serum test (TRUST) uses toluidine red instead of; char- 
coal to visualize the reaction (9). 

Treponemal tests 
Specific treponemal tests 

All of the cwmmt treponemal tests use T. pallidurn as the antigen to detect anti- 
bodies against treponemal cellular components. There are three different test 
procedures: indirect immunofluorescence; haemagglutination; and enzyme- 
linked immunosorbent assays (EISA). All three procedures are highly specific 
and are designed as confirnatory tests. 

The fluorescent treponemal antibody absorption (FTA-Abs) test (10) is thrz 
most sensitive of all syphilis tests, but is technically the most difficult. Both 
the performance of the test and the reading of the results have to be thor- 
oughly checked. A standardized reading, a high-quality conjugate and an 
appropriate dilution of the conjugate are critical to the reliability of the test, 
and incorrect results due to laboratory error and subjective reading often oc- 
cur. The addition of a fluorochrome-labelled counterstain may reduce errors 
in the standard procedum and increase its readability and reproducibility (11). 

The microhaemagglutination and haemagglutination assays for antibodies 
to T. pallidurn (MHA-TF, TPHA or HATTS) are easier to perform than FTA- 
Abs and have fewer variables (12,13). Their sensitivity is similar to that of 
FTA-Abs, except for primary syphilis. Microhaemagglutination is also more 
practical than FTA-Abs for batch processing of large numbers of specimens. 
It is the confirmatory treponemal test of choice in most laboratories. 

Enzyme immunoassays for detecting T. pullidurn antibody are more recent 
developments (14) and have become commercially available (15). Their sen- 
sitivity and spe&city are comparable to those of FTA-Abs and microhae- 
magglutination. 

The demonstration of tregonemal I g M  h serum 

The synthesis of specific IgM antibodies is the first post-infection humoral im- 
mune response in syphilis, as in other bacterial and viral infections. In syphilis, 
treponemal IgM antibody is present in patients with early syphilis and may also 
be found during the latent period and in patients with late disease. After a spon- 
taneous curing of the infection, IgM levels decrease more slowly than after suc- 
cessful therapy. The molecular size of IgM prevents it from passing both the 
placental barrier and the intart serum/cerebrospiml fluid (CSF) barrier. The 
presence of IgM antibody in the blood of a newborn infant is therefore a diag- 
nostic sign of prenatal infection of the child. Its appearance in the CSF of 
patients with an intact serumJCSF barrier (normal serum:CSF albumin ratio) 
indicates active neurosyphilis. Anti-treponemal IgM in the serum or CSF of 
recently untreated patients always indicates the need for treatment. The semi- 



tivity of procedures for detecting IgM antibody is far from optimal, but the 
observation of IgM antibody can contribute to a more reliable interpretation 
of test results in the following cases: 

- congenital syphilis 

- early primary syphilis 

- late syphilis 

- test-of-cure for patients with early infection before seroreversion of non- 
treponemal tests 

- reinfection of patients with a previous history of syphilis or other trepone- 
matoses. 

\pplropriate use of serological tests 
The sensitivity and specificity of non-treponemal and treponemal syphilis tests 
for the different phases of the disease are shown in Table 3.1. A reactive non- 
treponemal test may indicate: a current infection; a treated or untreated recent 
infection; or a false-positive result. False-positive results occur in general popu- 
lation~ at a rate of 1-3%. The vast majority of false-positive sera show antibody 
titres of c 1:4. However, low titres do not exclude syphilis and are often found 
In latent and late syphilis. The determination of non-treponemal serum titres in 
a quantitative procedure may be helpful for more correct interpretation of 
results and for evaluation of patients after treatment. To exclude false-positive 
non-treponemal results, all non-treponemal-reactive samples should be con- 
firmed using a specific treponemal test. A reactive treponemal test may indi- 
cate: a current infection; a treated or untreated recent infection; or a past infec- 
tion. The majority of subjects, once infected with pathogenic treponemes, 
remain antibody-positive in treponemal tests for years or even the rest of 
their life. 

In cases of borderline reactions, of discordant non-treponemal-positive trepo- 
nemal-negative reactions or of disagreement with the clinical opinion, the tests 
should be repeated, if passible on a new serum sample. If disagreement per- 
sists, a second treponemal test should be conducted. In incubating syphilis, all 
antibody tests are negative. In early primary syphilis, combinations of (1) non- 

Table 3.1 
Sensitivity and specificity of serological tests for syphilis 

Sensitivity (%) 

Phase of syphilis infection Specificity 

Testa Primary Secondary Latentb Lateb m) 
FTA-Abs 
MHA-TP 
RPR-card 
VDRL 

"A-Abs, fluorescent treponemal antibody-absorption: MHA-TP, microhaemagglutination assay for antibodies to Treponema 
pallidurn; RPR-card, rapid plasma reagin card; VDRL, Venereal Disease Research Laboratory. 
Widely variable results reported in the literature. 
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treponemal-positive microhaemagglutination-negative, (2) non-treponemal-nega- 
tive microhaemagglutination-positive, or (3) non-treponemal-negative micro- 
haemagglutination-negative results may be obtained. To diagnose or exclude 
syphilis, the tests have to be repeated after 2-3 weeks on a new serum sample. 
In this case, the performance of an FTA-Abs test may be helpful, since it is the 
most sensitive test in primary syphilis, Finally, some patients given adequate 
treatment started early in primary syphilis will remain antibody-negative. 

Seroreversion of non-treponemal tests in patients who have been adequately 
treated usually occurs within a period of 6 months up to a few years, and is 
associated with the duration of infection and the antibody serum titre at the 
moment of treatment. Seroreversion of treponemal tests also occurs in a rninor- 
ity of patients within a few years. However, this phenomenon is not yet clearly 
understood. 

For both diagnosis and case-finding of syphilis, serum samples should first 
be screened in a non-treponemal test. To date, the most appropriate non- 
treponemal test is the RPR 18-mm circle card test with mechanical rotation. In 
modestly equipped settings, where only a small number of specimens are to 
be tested, manual rotation of the cards is appropriate and does not affect the 
specificity of the test. The sensitivity is only slightly lower than that of an RPR 
with mechanical rotation; some samples with low antibody titres of 1:2 may 
appear negative with the manual rotation procedure. 

For confirmation of non-treponemal positive samples as well as for epidemio- 
logical studies, specific treponemal antibody tests are used, the most appro- 
priate being the TPHA. 

3.4 Serological test procedures 
RPR card test 

Materials and reagents 

A typical RPR card test kit contains the antigen suspension, a calibrated 
20-gauge (0.9 mm) needle, an antigen dispensing bottle, plastic-coated ringed 
cards and disposable plastic sampling pipette spreaders, which deliver 
50 p1 of serum. Some kits may contain wooden or plastic sticks for sample 
spreading, but no pipettes. 

Additional materials needed include: 

- a mechanical rotator, circumscribing a circle of 2 cm in diameter at a speed 
of 100 rev/min, with an automatic timer; 

- sterile saline (0.9%); 
- serum non-reactive to syphilis diluted at 2% in saline, which is required 

for further titration of sera yielding a positive result at the 1:16 dilution. 

Qualitative test procedure 

Place 50 p1 of unheated serum or plasma within a circle on the test card using 
the calibrated sampling device and spread the drop with the reverse end of the 
dispensing device to fill the entire circle surface. Do not allow the serum to 
spread beyond the circle. Continue with the other samples using a clean spreader 
each time; 10 samples can be tested on one card. Add exactly 1 free-falling drop 
(20 pl) of the gently shaken antigen suspension to each circle. Place the card on 



Figure 3.4 
After test serum is mixed 
with antigen, cards are 
placed on an appropriate 
rotator 

Figure 3.5 
Reading RPR results tor 
10 undiluted sera showing 
reactive and non-reactive 
samples 

The presence of small to 
large flocculaterd clumps 
indicates reacflvity, 
whereas non-clumping or a 
very slight rougbness 
indicates non-reactivity 

the mechanical rotator under a humidity cover and rotate it for 8 minutes (Fig. 
3.4). Read the reactions with the naked eye under a light source immediately 
after removing the card from the rotator. A brief rotation and tilting of the card 
by hand can help to differentiate weakly reactive from non-reactive samples. 
Results are reported as reactive regardless of the degree of reactivity (Fig. 3.5). 
The observation of small to large flocculated clumps indicates reactivity, whereas 
non-clumping or a very slight roughness indicates non-reactivity. A prozone 
effect may exceptionally occur: undiluted samples with a high antibody titre 
appear non-reactive, and consequently, non-reactive undiluted samples from 
symptomatic patients should be retested using a quantitative procedure. 

Quantitative test procedure 

For specimens to be titrated, one row (5 circles) of a test card should be used. 
Place 50 p1 of saline into circles (2) through (5) and do not spread the drops. 
Place 50 p1 of sample into circles (1) and (2). Using a calibrated sampling 
device, mix the saline and the sample in circle (2) by sucking the mixture up 
and down the pipette five or six times, avoiding air bubbles. Transfer 50 p1 from 
circle (2) (1:2 dilution) to circle (3) and mix. Transfer 50 p1 from circle (3) 
(1:4 dilution) to circle (4) and mix. Transfer 50 p1 from circle (4) (19 dilution) to 
circle (5) (1:16) and mix. Discard 50 p1 from circle (5). Using the end of a clean 
dispensing device, spread the sample of circle (5) within the confines of the 
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Figure 3.6 
Quantitative RPR assay: the 
highest dlilution yielding I fI@c~IatIon indkates the 

circle and repeat this action with the same device in circles (4), (3), (2) and (l), 
in that order. Add 1 drop of antigen to each circle, rotate and report the result 
in terms of the highest dilution yielding reactivity (Fig. 3.6). If the 1:16 dilution 
is still reactive, continue as follows. First prepare a 1:16 dilution in a small tube 
by adding 100 p1 of the positive sample to 1.5 m1 of saline and mix. Place 50 p1 
of dilution fluid (2% non-reactive serum in saline, see "Materials and 
reagents" above) into circles (2) through (5) of one row of a test card. Place 50 
p1 of the 1:16 diluted sample into circles (1) and (2). Mix the material in circle 
(2) and continue to make twofold dilutions and complete.the test as described 
above. 

TPHA (Treponema paltidum hemagglutination assay) 
Materials and reagents 

A complete test kit with lyophilized products contains: 

- a bottle with reconstitution fluid (distilled water); 

- absorbing diluent consisting of sonicated membranes from sheep and ox 
erythrocytes, normal rabbit testicular extract, sonicated Reiter treponemes, 
normal rabbit serum, Tween 80 or equivalent and acacia powder in 
phosphate-buffered saline; this reagent is used to preabsorb and dilute sera, 
and to prepare the working dilutions of the sensitized and unsensitized 
red blood cells; 

- dehydrated, formalinized, tanned sheep erythrocytes, which have been sen- 
sitized with sonicated T. psllidum; these are rehydrated, to produce a 2.5% 
suspension; 

- formalinized, tanned control sheep erythrocytes which have not been sensi- 
tized (not mixed with T. pallidum); also rehydrated to produce a 2.5% sus- 
pension; 

- positive control serum; 

- calibrated micropipette droppers delivering 25 p1 per drop. 

Essential additional materials: disposable plastic U-shaped microtitre plates 
(96 wells) and an automatic micropipette (mono- or multichannel) with dis- 
posable tips to deliver volumes of 25-100 pl. 



1 Figure 3.7 
Different setting patterns of 
sensitized red blood cells In 
the TPHA assay indicating 
reactive and non-reactive 
samples 

( reaction, 

Qualitative test procedure 

Using an automatic micropipette, place for each serum to be tested 25 p1 of 
absorbing diluent in wells (l), (3), (4) and (5) of the horizontal rows of a micro- 
titre plate and 100 p1 in well (2). Add 25 p1 of serum to well (1) (dilution 1:2). 
Mix and transfer 25 p1 from well (1) to well (2) (1:lO). Mix and transfer 25 p1 
from well (2) to well (4) (1:20). Mix and transfer 25 p1 to well (5) (1:40). Mix and 
discard 25 p1 from well (5). Using a new pipette tip, transfer 25 p1 from well (2) 
to well (3) (dilution 1:20). Mix and discard 25 p1 from well (3). After completing 
the performance of dilutions for all sera to be tested, cover the microtitre plate(s) 
and incubate at room temperature for 30 minutes. 

Prepare the working dilutions of the rehydrated sensitized and unsensitized red 
blood cells by adding 1 part of cell suspension to 5.5 parts of absorbing diluent 
(1:6.5 dilution). Add 75 p1 of unsensitized cells to all number (3) wells and 75 p1 
of sensitized cells to all number (4) and number (5) wells. The final dilution in 
wells (3) and (4) will be 1230, and in well (5) 1:160. It is necessary to use two 
blank wells to check the red blood cells: one containing 25 p1 of absorbing dilu- 
ent + 75 p1 of sensitized cell suspension, the other containing 25 p1 of absorbing 
diluent + 75 p1 of unsensitized cell suspension. The positive control serum may 
be added as follows. Place 25 p1 of absorbing diluent into 5 wells of one hori- 
zontal row of a microtitre plate. Place 25 p1 of rehydrated control serum in well 
(1); this will give a dilution of 1:160 since the rehydrated control is a 1:80 pre- 
dilution. Mix and dilute further to obtain dilutions of 1:320 in well (2), 1:640 in 
well (3), 1:1280 in well (4) and 1:2560 in well (5). After adding 75 p1 of sensi- 
tized cell suspension to the 5 control wells, the final dilutions will have quad- 
rupled: 1:640, 1:1280, 1:2560, 1:5120 and 1:10 240. Shake all the microtitre plates 
gently, avoiding air bubbles, and incubate at room temperature for at least 2 
hours. This period may be extended overnight without changing the reaction 
patterns. Read the setting patterns of the red blood cells with the naked eye or 
by using a tray viewer. Results are reported as follows (Fig. 3.7): 

- non-reactive: a definite compact red button in the centre of the well or with 
a very small hole in the centre indicates "no haemagglutination"; 

- reactive: a smooth mat of cells covering the (entire) bottom of a well or a 
smooth mat of cells surrounded by a red circle indicates "haemagglutination"; 

- doubtful or borderline reaction: a button of cells with a small hole in the centre 
and a granular sediment on the edge. 
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When the results of the controls conform to the criteria given by the manufac- 
turer, report as reactive the sera showing haemagglutination with the sensitized 
cells, and report as non-reactive the sera showing no haemagglutination with 
both sensitized and unsensitized cells. Samples yielding a doubtful reaction 
should be retested. If a non-specific reaction occurs with the unsensitized cells, 
the serum should be retested after absorption with a specific haemagglutina- 
tion absorbent, or subjected to an FTA-Abs test. 

Quantitative test procedure 

Sera reactive in the qualitative TPHA procedure at a dilution of 1:160 may be 
retested in a quantitative assay to determine end-point titres. Titration is not 
essential for routine confirmation of syphilis antibody, but may be useful in 
studying the humoral immune response in syphilis and other treponematoses, 
as well as for epidemiological studies. 

Place 25 p1 of absorbing diluent in wells (1) and (3) to (10) of one horizontal 
row of a microtitre plate, and 100 p1 in well (2). Add 25 p1 of serum to well (1) 
(1:2 dilution). Mix and transfer 25 p1 from well (1) to well (2) (1:lO). Mix and 
transfer 25 p1 from well (2) to well (4) (1:20). Continue mixing and diluting to 
the remaining wells. Discard 25 p1 from well (10). Using a clean pipette tip, trans- 
fer 25 p1 from well (2) to well (3) (1:20). Mix and discard 25 p1 from well (3). 
Incubate the microtitre plate at room temperature for 30 minutes. Add 75 ~1 of 
unsensitized cell suspension (working dilution) to well (3), and 75 p1 of sensi- 
tized cell suspension (working dilution) to wells (4) through (10): the final 
dilutions will range from 1:80 to 1:5120. Include controls and complete the test 
as described for the qualitative assay. The result is reported as the highest 
serum dilution giving a positive reaction. 

FTA-A bs 
Essential equipment 

Basic supplies include: 

- an incubator, adjusted to 36 "C 

- a fluorescence microscope 

- a water-bath, adjusted to 56 "C 

- PTFE-coated microscope slides with wells 8 mm in diameter 

- a magnetic stirrer 

- coverslips 

- an automatic micropipette, 25-100 pl. 

Reagents 

T. pallidurn antigen is commercially available as a lyophilized suspension (Ni- 
chols strain). Rehydrate the suspension and mix on a vortex mixer. Use dark- 
field microscopy to check that the treponemes are properly dispersed in the 
suspension. Place 20 p1 of antigen into the wells of PTFE-coated slides. 
Air-dry, fix with acetone for 10 minutes and again air-dry. Fixed slides 
can be packed in aluminium foil and stored at -20 "C or below until use. 
Ready-to-use multispot antigen slides are available from several manu- 
facturers. 
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FTA-Abs test sorbent is a product from cultures of Reiter treponemes and is 
commercially available in a lyophilized or liquid form. The Reiter treponeme 
is a variant of T. phagedenis, a nonpathogenic organism which, unlike T. pal- 
lidum, can be easily cultivated in vitro. By using a sonicate from cultures of 
the Reiter treponeme as sorbent for patient serum, antibodies cross-reacting 
to nonpathogenic treponemes are removed by absorption. 

Conjugate: a fluorescein-labelled anti-human globulin recognizing heavy- 
chain IgG, IgM and IgA. Each laboratory should determine the working 
titre of new batches of conjugate to confirm that the titre recommended by 
the manufacturer is accurate. Undiluted conjugate can be stored in aliquots 
at -20 "C or below. 

Coverslip mounting medium: equal parts of phosphate-buffered saline (PBS) 
(pH 7.2) and glycerol. 

Control sera: store and use control sera from commercial sources according 
to the accompanying instructions. The following controls should be includ- 
ed in each test run: a highly reactive serum showing strong (4+) fluorescence 
when diluted 1:5 in PBS and when diluted 1:5 in sorbent; and a minimally 
reactive serum demonstrating a minimal degree of fluorescence (l+) when 
diluted according to the manufacturer's instructions. 

FTA-Abs test procedure 

Heat both test and control sera at 56 "C for 30 minutes. Place 100 p1 of sorbent 
in a number of cups (e.g. wells of a microtitre plate) or microtubes according to 
the number of sera and controls. Add 25 p1 of serum and mix (dilution 1:5). Trans- 
fer 30 p1 of 1:5 diluted test and control sera into the wells of a PTFE-coated slide. 
Include two negative controls: PBS and sorbent. Place the slide in the moist cham- 
ber of an incubator at 36 "C for 30 minutes. Rinse the slide gently with PBS and 
wash with fresh PBS twice for 5 minutes using a magnetic stirrer at low speed. 
Rinse the slide in distilled water, remove excess water and gently blot the slide 
with filter-paper. Add 30 p1 of conjugate (working dilution in PBS) to each well. 
Incubate and wash as described above. Add a few drops of mounting medium 
and cover with a coverslip. Examine the slide on a fluorescence microscope at 
X 400 magnification. Using the minimally (l+) reactive control as the reading 
standard, record the intensity of fluorescence as follows: 

none or vaguely visible treponemes without distinct fluorescence 

weak, but visible fluorescence less than the l+ control (borderline 
reaction) 

fluorescence equivalent to the l +  control 

moderate fluorescence, less than the highly reactive control 

3+ to 4+ strong fluorescence equivalent to the highly reactive control. 

Increasing fluorescence intensity corresponds to higher antibody levels: l+  to 
1:50,2+ to 3+ to 1:50-1:400, and 4+ to > 1:400 serum titres. 

Some laboratories prefer to perform the FTA-Abs quantitative procedure on 
serum dilutions of 1:5, 1:50,1:100, 1:200, 1:400 and 1:800. 

Procedures for demonstrating treponemal IgM antibodies 
Various techniques including irnmunofluorescence, haemadsorption, ELISA and 
immunoblotting have been used for the detection of serum IgM antibody. 
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PTA-Abs test for IgM. This is performed on whole serum. The reliability, how- 
ever, is not optimal: false-positive reactions occur owing to the presence of 
auto-antibodies in the test sera, even after absorption of rheumatoid factor. 
Furthermore, the test has a low sensitivity owing to competitive binding by 
high titres of antitreponemal IgG. As a result, this test is not recommended. 

FTA-Abs test for the 19s-IgM fraction. IgM serum fractions are separated from 
IgG by gel filtration, ultracentrifugation, affinity chromatography or other 
techniques. After separation, the antibody activity of the 19s-IgM fraction is 
measured by the FTA-Abs method. Though this procedure has a high spe- 
cificity, it is laborious and complicated and is not suitable for routine pur- 
poses. 

IgM solid phase haemadsorption assay (SPHA). Monoclonal anti-human IgM 
(p-chain) is coated on the surface of microtitre plate wells. Test serum 
(diluted 1:25) is added and, during incubation, T. pallidurn-specific IgM is cap- 
tured and bound to the monoclona1 antibodies. When a purified T. pallidurn 
antigen, fixed to sheep erythrocytes, is added, positive specimens will show 
haemagglutination comparable to that of a classic TPHA. 

IgM-capturing ELISA. Rabbit antibodies against human IgM are coated on 
the surfaces of microtitre plate wells. Test serum (diluted 150) is added to 
the wells and, during incubation, a portion of the total IgM is captured on 
the coated matrix. The surface-bound syphilis IgM antibodies are mixed with 
a tracer complex, which is a reagent containing purified T. pallidurn antigen, 
biotin-treated monoclonal antibody and streptavidin-horseradish peroxidase. 
After incubation, the surface-bound peroxidase is detected by reaction with 
a tetramethylbenzidine substrate. The intensity of the blue-coloured reaction 
product is directly proportional to the amount of T. pallidurn IgM in the 
serum specimen. 

Immunoblotting. The Western blot is a recent investigational test used to de- 
tect either IgG or IgM antibody to T. pallidurn (16). Immunodeterminants of 
T. pallidurn are separated by gel electrophoresis and blotted on a nitrocellu- 
lose sheet. Blot strips are incubated with test serum and antibodies are 
detected after treatment with an enzyme-labelled conjugate. A result is con- 
sidered positive when antibodies are demonstrated to at least 3 of 4 major 
antigens of 15 500 000,17 000 000,44 500 000 and 47 000 000 Mr (1 7). The IgM 
Western blot for congenital syphilis appears to have a specificity of at least 
90% and a sensitivity of over W%, which is better than reported for other 
IgM tests (18). 
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CHAPTER 4 

Genital herpes 

4.1 Introduction 
The group of herpesviruses includes four members - Epstein-Barr virus, 
cytomegalovirus, varicella-zoster virus, and herpes simplex virus (HSV) - that 
are pathogenic for humans. A common characteristic of these viruses is their 
ability to cause persistent infection and to become latent. HSV consists of two 
distinct serovars, HSV-1 and HSV-2. HSV can be isolated from specimens from 
many anatomical sites including the skin, mucous membranes, tissues, blood, 
and cerebrospinal fluid. HSV-1 tends to cause oropharyngeal diseases and HSV-2 
is associated with genital diseases. However, both serovars may infect the various 
sites and cause clinically indistinguishable manifestations. Primary HSV infec- 
tions are often asymptomatic. Symptomatic primary genital HSV infection is 
often characterized by the appearance of extensive genital lesions, associated 
with inguinal lymphadenopathy, dysuria and fever. Genital herpes is caused by 
HSV-2 in approximately 85% of cases, the remainder being caused by HSV-1. 
Recurrent genital herpes episodes are usually milder (not in the immunocom- 
promised host), and are nearly always caused by HSV-2. The most serious 
consequence of genital HSV infection is neonatal herpes, transmitted from the 
infected mother to the child as a result of exposure of the baby to the virus during 
vaginal delivery. 

Genital HSV infection is mainly diagnosed on clinical grounds. Characteristi- 
cally, lesions progress from the papular stage to vesicles, pustules and open 
ulcerative lesions which finally crust. Re-epithelialization and complete heal- 
ing occur spontaneously. Latent infections, in which the viral genome persists 
in the nucleus of infected cells or in the sensory ganglia, are common. 

In general, laboratory diagnosis is not essential, but may be helpful when the 
clinical picture is uncertain and for a differential diagnosis to exclude other geni- 
tal ulcer diseases. Laboratory diagnosis of HSV infection may also be recom- 
mended to determine infection in pregnant women at full term and in newborn 
babies, as well as for epidemiological investigations. Isolation of the virus in 
tissue culture remains the diagnostic method of choice. Other laboratory pro- 
cedures used for the diagnosis of genital herpes infection include: detection of 
viral antigen by immunological methods such as immunofluorescence and en- 
zyme immunoassay; demonstration of viral DNA by hybridization; and detec- 
tion of anti-HSV serum antibody. The sensitivity of culture and of non-culture 
diagnostic procedures depends on the number of virus particles excreted in the 
lesion. Viral titres are highest in the papular and vesicular stages of the disease, 
and decrease over the course of infection. Lesions of primary genital herpes 
infection generally yield higher viral titres and virus shedding lasts longer during 
later recurring episodes of infection. 

Direct examination of specimens using conventional staining procedures such 
as Papanicolaou and Tzanck is not specific for HSV, and is therefore far less 
sensitive than culture or antigen-detection methods (1). These staining techniques 
can no longer be considered appropriate procedures for the diagnosis of HSV 
infection. 
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4.2 Collection and transport of specimens 
HSV can be recovered from mucocutaneous genital lesions and from previously 
involved mucocutaneous sites in patients with asymptomatic infection. Cultures 
from fresh vesicles, which contain high numbers of viral particles, have a 
sensitivity of more than 90%, and specimens from pustular lesions will be 
positive in 7040% of cases. Ulcerative lesions of a primary HSV infection will 
be culture-positive in 70430% of cases, whereas cultures of ulcers from a recurrent 
infection may be negative in at least 50% of patients. No more than 25% of 
crusted lesions contain recoverable virus. 

Open large vesicles with a 25-gauge (0.5-mm) needle and aspirate the fluid with 
a tuberculin syringe. Collect the exudate of small vesicles or open lesions by 
vigorously rubbing with a small cotton or cotton-tipped swab on a wire shaft. 
Calcium alginate swabs inactivate HSV and reduce viral recovery. For older 
lesions, remove the crusts and swab the base of the lesions vigorously to remove 
infected epithelial cells. In women with vaginal HSV lesions (including during 
pregnancy) a cervical specimen should also be collected. As HSV involves 
squamous rather than columnar epithelia1 cells, swab the exocervix and the entry 
of the endocervical canal. After sampling, place the specimens immediately into 
vials containing 1 m1 of viral transport medium and keep at 4 "C until cultured. 
During transport, there will always be a slight loss of virus titre over time. If a 
delay of more than 48 hours is expected between collection and culture, the 
specimens should be frozen at -70 "C. 

6.3 Culture 
Viral culture is the most sensitive laboratory diagnosis method for HSV. A va- 
riety of cell lines may be used. Commonly used cells, sensitive to different vi- 
ruses, include human diploid fibroblasts, such as MRC-5, Vero cells, and baby 
hamster kidney and rabbit kidney cells (2). The parallel inoculation of two 
different cell lines can minimize the effects of periodic variations in cell-line 
sensitivity which are difficult to avoid (3). 

Allow tissue culture cells to grow up into a confluent monolayer in a tissue 
culture tube flattened on one side. Remove the herpes cell growth medium and 
inoculate two tubes with 0.25-m1 aliquots of vortexed specimens. Place the tubes 
in a horizontal position in an incubator for 1 hour at 36 "C to enhance absorp- 
tion of the viral particles by the cells. After absorption, add 2 m1 of herpes cell 
maintenance medium and incubate at 36 "C in an atmosphere containing 5% 
carbon dioxide. If a closed system and a tricine-buffered medium are used, an 
atmosphere enriched with carbon dioxide is not necessary. For a period of 7 days, 
examine the culture tubes daily using a stereoscopic microscope (Fig. 4.1) in order 
to check for the appearance of a cytopathic effect (CPE) (Figs. 4.2 and 4.3). This 
is recognized as a transformation from elongated, scattered cells to rounded cells, 
increasing in number and developing a granular appearance. Focal necrosis of 
cells may occur and multinucleated cells may be found at the edge of the foci. 
Within days, the monolayer may be destroyed. The incubation time required to 
observe CPE depends on the concentration of the virus in the clinical specimen: 
samples with high titres of virus produce CPE in less than 48 hours, whereas 
samples with a low concentration of virus become positive only after 4 4  days. 
Low-titre specimens from episodes of asymptomatic shedding may take even 
longer. 

Other viruses may exhibit a CPE similar to HSV. Isolates can be confirmed as 
HSV and typed as HSV-1 or HSV-2 using various methods: neutralization with 
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type-hipeckfir antima; immunological assays such as immunofluorescence (IF); 
and nucleic acid hybridization. Identification of HSV is recommended when an 
unusual type of CPE occurs or for s p c h e n s  from asymptoma&ic episodes; typ- 
ing of HSV may be useful for epidemiological purpases. 

Identification and typing by IF is the most practicable procedure (4). Remove 
the medium from the infected culture tube, add 1 m1 of 5% fetal calf semm in 
phosphate-bu£femd saline (FBS), scrape the cells off the fiat monohyer side and 
homogenize. Catdfage the cell suspension at 500g for 5 minutes and spot 

Figure 4.2 
Monolayer of intact Vero 
cells (X 63) 

Figure 4.3 
Typical cytopathic effect of 
herpes slmplex virus on 
Vero cells (X 100) 
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1 drop of the vortexed pellet on to each of 2 wells of PTFE-coated glass slides, 
dry in air and fix with cold (2-8 "C) acetone for 10 minutes. Stain one well with 
HSV-1 fluorescein-labelled monoclonal antibody and the other with monoclonal 
antibody to HSV-2. Incubate the slide for 30 minutes at room temperature in a 
moist chamber and then wash 3 times for 5 minutes with PBS, using a mechanical 
stirrer. Using mounting medium (50% glycerol: 50% PBS), place a coverslip on 
the slide and examine under a fluorescence microscope at x400 magnification. 
When one of the spots shows apple-green fluorescent particles while the second 
does not, the identification of HSV is confirmed and the virus type determined. 

4.4 Non-culture detection methods 
lmmunofluorescence (IF) (5, 6) 

Smears may be prepared immediately at the clinic site. Collect the clinical speci- 
mens with a swab moistened in sterile distilled water. Rotate the swab in 2 wells 
of a PTFE-coated glass slide, dry in air and fix with acetone. Alternatively, 
specimens may be transported in viral transport medium. In the laboratory, 
concentrate the cells in the transport medium suspension by centrifugation at 
500g for 5 minutes, spot on to a test slide and fix. Add fluorescein-labelled 
monoclonal antiboay specific to HSV-1 to one well and monoclonal antibody 
specific to HSV-2 td the other. Incubate at room temperature for 30 minutes in a 
moist chamber, wash the slides 3 times for 5 minutes with PBS and finally rinse 
with distilled water. Place coverslips on the slides using 50% glycerol: 50% PBS 
solution and examine under a fluorescence microscope for the presence of 
intracellular fluorescence (Fig. 4.4). Some experience in distinguishing artificial 
background fluorescence from specific fluorescence is needed for an accurate 
interpretation. The main limiting factor in this method is the number of cells 
present in the specimens. If the number is sufficient, sensitivity for the detection 
of HSV in genital specimens varies between 70% and 90% of culture-positive 
specimens. 

lmrnunoperoxidase (IP) staining (7) 

This method has the advantage of using a normal light microscope, making it 
more suitable for intermediate-level laboratories. Collect and prepare the 
specimens as for the direct IF test. Add polyclonal anti-HSV or monoclonal anti- 
HSV-1 and anti-HSV-2 antibodies to the slides. Incubate for 45 minutes at 36 "C 
and wash. Add a horseradish-peroxidase-labelled anti-rabbit or anti-mouse 
globulin and incubate again for 45 minutes at 36 "C. Wash and treat with 
diaminobenzidine, which reacts with the peroxidase enzyme to form a reddish- 
brown complex in the sample where the antibody is bound to the viral antigen. 
The slides can easily be viewed under a light microscope to check for the presence 
of reddish-brown granules. The sensitivity and specificity of IF and IP methods 
are similar (8). 

Enzyme immunoassay (EIA) 
Classical ELlSAs (9, 10) 

At least two different types of classical microtitre plate ELISA procedures for 
the direct detection of HSV antigen are commercially available: 

Antigen-capturing: HSV antigen present in clinical specimens is captured by 
polyclonal anti-HSV antibodies immobilized in microtitre plate wells. The 
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Figure 4.4 
lntracellular immunofluo- 
rescence of herpes simplex 
virus in a clinical specimen 
(X 500) 

immobilized antigen is then treated with a biotin-labelled mouse monoclonal 
antibody. After adding streptavidin-horseradish peroxidase conjugate and 
a chromogenic substrate a coloured reaction product is obtained. 

Antigen-antibody amplification: Specimens are added to wells coated with 
mouse monoclonal antibody and an alkaline phosphatase conjugate. HSV 
antigen present in the clinical sample will react with the monoclonal antibody 
and the conjugate and become immobilized. The bound enzyme is then 
treated with a substrate, giving a colourless product which is then treated 
with an amplifier. Tkis enhances the detection sensitivity, producing a 
coloured reaction product. 

The sensitivity of ELISA procedures as compared with that of viral isolation 
ranges from 70% to 95% with a specificity of 94-100% for symptomatic patients. 
For asymptomatic shedding of HSV, however, the sensitivity is very low. 

Rapid assay 

A rapid assay with a slightly lower sensitivity and a specificity similar to that 
of classical ELISA procedures, is commercially available. HSV antigen is extracted 
from the clinical specimen with a buffered solution. The extract is added to a 
test device and any antigen present is immobilized on a membrane. When treated 
with peroxidase-labelled anti-HSV monoclonal antibody and a substrate, a col- 
oured spot is obtained on the membrane. 

DNA hybridization 
Non-culture methods for the detection of viral proteins are not likely to be sen- 
sitive enough for specimens from lesions containing low numbers of viral 
particles or for specimens obtained during asymptomatic reactivations. There 
is a need for a rapid and reliable diagnostic test for HSV, especially for the 
detection of HSV in asymptomatically infected women shortly before delivery, 
and for the monitoring of neonates exposed to HSV at delivery. Direct viral 
detection by DNA hybridization using radiolabelled or biotin-labelled probes 
has a sensitivity and a specificity comparable to that of other immunological 
methods (11,12). Amplification of selected DNA sequences by polymerase chain 
reaction (PCR) may eventually offer a highly sensitive detection method. 
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rology 
Serological assays for HSV antibody detection can be utilized to document past 
HSV infection. Serology can contribute to the diagnosis of a primary episode of 
HSV infection only in cases where the patient has no antibodies or a low level 
of antibodies in acute phase serum or, if this is followed 10-14 days later by a 
fourfold or greater rise in antibody titre, in convalescent serum. Significant 
antibody increases occur in less than 10% of patients with recurrent HSV 
infection. The absence of rising titres does not exclude HSV infection. A wide 
variety of HSV antibody assays is commercially available, including complement- 
fixation, indirect immunofluorescence, neutralization assays, latex agglutination, 
haemagglutination, and enzyme irnrnunoassays. These methods are generally 
quite sensitive. However, in spite of the claim of some manufacturers, none of 
these procedures can effectively differentiate past HSV-l infection from past 
HSV-2 infection because of extensive cross-reactivity. The major targets of serum 
antibodies are viral surface (envelope) glycoproteins and most of the immuno- 
genic epitopes of these glycoproteins are common to both HSV-1 and HSV-2 
types. 

Recently, several new proteins specific for HSV-1 and HSV-2 have been defined. 
The glycoprotein gG of HSV-1 differs sigruficantly from the gG of HSV-2. Now, 
solid-phase ELISA procedures using purified gG-2 glycoprotein specifically to 
detect antibodies to HSV-2 are commercially available and these tests can be 
used to determine IgG antibodies to HSV-2 in patients exposed to HSV-2, in- 
cluding patients previously infected with HSV-1 or other herpesviruses (13). 
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1.  CHAPTER 5 

I Chancroid 

5.11 lntroduetion 
l 

Chancroid is an acute STD that produces ulcers on the genitalia, often associated 
with suppurative inguinal lymphadenitis. The incubation time is usually between 
4 and 10 days. The genital ulcer starts as a tender papule that becomes pustular 
and ulcerated within 2 days. The ulcer is painful, irregular with undermined 
edges and usually not indurated (soft chancre). The base of the ulcer is often 
covered by purulent and necrotic exudate, and bleeds easily when scraped or 
swabbed. Multiple lesions are common and they may merge to form very large 
ulcers. Unilateral painful inguinal adenitis is observed in 50% of patients. If not 
adequately and promptly treated, suppuration of lymph nodes (buboes) occurs 
and may lead to spontaneous rupture. Atypical clinical presentations of chan- 
croid are common and the disease can easily be confused with other causes of 
genital ulcer disease (GUD), usually with herpes and primary syphilis, but also 
with granuloma inguinale and lymphogranuloma venereum. 

Chancroid is caused by Haemophilus ducreyi and the disease is transmitted 
exclusively by sexual contact, with direct invasion of the organism through 
healthy or abraded skin. In males, the most common sites of involvement are 
the external and internal surface of the prepuce, the frenulum and the corona1 
sulcus. The glans, the shaft of the penis, the scrotum and the anus are less 
frequently involved. In females, the most commonly infected sites are at the 
entrance of the vagina, including the fourchette, labia, vestibule and clitoris. 
Internal lesions of the vaginal wall and the cervix are less common. 

Patients may have mixed GUD infections, which cannot be clinically diagnosed. 
An ideal routine laboratory approach to GUD consists of dark-field microscopy 
and serology for syphilis, culture for H. ducreyi and herpes simplex, and possibly 
microscopy for granuloma inguinale. However, in most cases such an expensive 
set of investigations is not necessary in order to treat a patient with genital ulcer 
disease correctly; this can be achieved using a simplified clinical algorithm. 

H. ducreyi is a short (2 pm), non-motile, Gram-negative bacillus. It is a fastidious 
organism, and, because of its complex nutritional requirements, highly enriched 
culture media are needed for its isolation. H. ducreyi isolates grow aerobically 
and anaerobically and the growth is optimal at 32-33 "C in a water-saturated 
atmosphere. Most strains, particularly on primary isolation, are carbon-dioxide- 
dependent. H. ducreyi has few distinguishing biochemical characteristics: all 
strains reduce nitrate to nitrite, are positive for oxidase and alkaline phosphatase 
and require haemin (X factor) for growth. 

The laboratory diagnosis of chancroid is based on recovery of H. ducreyi in cul- 
ture. Direct microscopy is not very reliable and non-culture bacterial detection 
techniques are not yet available. Currently available serological procedures are 
only useful for epidemiological purposes. 



LABORATORY DIAGNOSIS OF SEXUALLY TRANSMITED DISEASES 

5.2 Collection and transport of specimens 
Specimens for H. ducreyi culture should be obtained from the base of the ulcer. 
Clean the ulcer with a dry gauze or a swab to remove crusts and superficial 
debris. Extensive cleaning is not required. Collect the exudate from the base with 
a swab; the type of fibre does not seem to affect culture sensitivity. For optimal 
results, inoculate the specimens immediately on to the isolation media and keep 
in a candle jar in a moist atmosphere at a temperature no higher than 35 "C mtil 
final incubation. When culture media are not available at the clinical site, speci- 
mens may be transported at 4 'C in a transport medium. A recently described 
thioglycolate-haemin-based medium containing L-glutamine and bovine albumin 
seems to maintain the viability of H. ducreyi for several days at 4 "C (1). 

5.3 Microscopy and non-culture detection methods 
Direct examination of clinical material on Gram-stained smears can be useful 
for the diagnosis of chancroid if typical small Gram-negative bacilli grouped in 
chains or "schools of f i sh  are observed (Fig. 5.1). However, these typical fea- 
tures are seen only infrequently on smears from patients with culture-proven 
chancroid, resulting in a sensitivity of much less than 50%. In addition, most 
genital ulcers harbour a polymicrobial flora due to secondary contamination. 
The presence of Gram-negative bacilli can be misleading and frequently results 
in a false-positive diagnosis. Consequently, because of its low sensitivity and 
low specificity, Gram-staining of smears is not recommended for the diagnosis 
of chancroid. 

Non-culture antigen and nucleic acid detection methods for H. ducreyi have been 
developed, but are only available in a few research laboratories: 

At least two groups have described the use of fluorescein-labelled monoclonal 
antibody for the detection of H. ducreyi in clinical specimens: antibody raised 
against a protein with a relative molecular mass (Mr) of 62 000 showed a 
sensitivity of 50% in patients with clinically diagnosed chancroid, while 
antibody raised against an Mr 29 000 protein showed a sensitivity of 74% for 
clinically suspected cases of chancroid (2,3). These results are promising but 
extensive screening of clinical specimens will be required to determine the 
reliability of these procedures. 



Monoclonal antibodies have also been used in the blot-radioimmunoassay 
to confirm culture isolates of H. ducreyi, but this procedure has not yet been 
evaluated on clinical specimens (4). 

Two groups have developed DNA probes for the identification of H. ducreyi 
and these probes have proved to be 100% sensitive and 100% specific (5,6). 
The usefulness of DNA hybridization or DNA amplification with the poly- 
merase chain reaction (PCR) for the diagnosis of chancroid remains to be 
established. 

5.4 Isolation and identification 
An accurate diagnosis of chancroid depends on the ability to culture H. ducreyi. 
Several media formulations have been used for the isolation of the organism 
with varying success. Table 5.1 shows the results of studies in which different 
media were used in parallel (7). To date, the most widely used media have been 
enriched gonococcal (GC) agar and enriched Mueller-Hinton (MH) chocolate 
agar. The parallel use of these media, possibly incorporated into a single biplate, 
may significantly increase culture sensitivity. It is not clear whether the report- 
ed variations in sensitivity are due to geographically defined nutritional differ- 
ences in H. ducreyi isolates or whether they depend mainly on technical differ- 
ences. In setting up facilities for H. ducreyi culture, it is advisable to use both 
GC agar and enriched MH media and to define their sensitivities during pilot 
studies. 

Table 5.1 
Comparison of recovery rates on different culture media for the isolation of 
H. ducreyi 

Total number Rate of isolation 
Study Site of isolates Medium W) 
Nsanze et al. (8) Nairobi 163 MHa 75 

GCb 88 
Dylewski et al. (9) Nairobi 75 M Ha 71 

GCb 89 
Kunirnoto et al. (10) Nairobi 27 MHa 74 

GCb 96 
Bielingc 89 
M Ha 53 
GCb 72 
Sheffieldd 2 
M He 93 
Heart infusionf 76 
MHe 100 
GCb 4 

MacDonald et al. ( I  1) Nairobi 

Taylor et al. (12) 

Dieng Sarr et al. (13) 

Bangkok 

Dakar 

Bogaerts et al. (14) Kigali 

Bogaerts (unpublished, 1991) Kigali 44 M Hg 82 
GCb 36 

l 

a Mueller-Hinton agar enriched with 5% horse blood and 1% IsoVitaleX. 
Gonococcal agar base enriched with 1% haemoglobin, 1% IsoVitaleX and 5% fetal calf serum. 
Columbia agar base with 5% iysed horse blood, 2.5% yeast dialysate and 1% IsoVitaleX. 
Proteose peptone No. 3 agar enriched with 5% horse blood and a defined supplement. 
Mueller-Hinton agar enriched with 5% horse blood, 1% IsoVitaleX and 5% fetal calf serum. 
Heart infusion agar enriched with 10% fetal calf serum. 

g Mueller-Hinton agar enriched with 1% haemoglobin, 1% VX supplement and 5% fetal calf serum. 
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Figure 5.2 
Coloniss of H. d#$mrylon 
enriched 6C agar after 
incubation for 48 hours 

Figure 5.3 I B r a m - s t a M  smear ctf 

H. ducrey!colonies grown 
on culture medium 

After inoculation, incubate the culture plates in a water-saturated atmosphere 
containing 5% carbon dioxide at 32-34 "C. Incubate the cultures for 48 hours 
prior to the initial reading and keep for 5 days before concluding they are nega- 
tive. H. ducreyi colonies may vary in size depending on the time and temperature 
of incubation, the atmosphere and the growth medium. Colonies are non-mucoid, 
raised and granular, have a greyish-yellow colour and can be pushed intact across 
the surface of the agar with a bacteriological loop. Colonies are either translucent 
or opaque and this variability gives the impression of a mixed, impure culture 
(Fig. 5.2). Gram staining of smears from colonies shows Gram-negative cocco- 
bacilli in short chains, clumps or whorls (Fig. 5.3). Organisms are pleiomorphic 
in approximately 50% of the cultures. Individual bacteria may appear to have 
bipolar staining. In many areas, 100% of H. ducreyi isolates produce p-lactamase. 
This characteristic can contribute to a presumptive identification. For routine 
diagnostic work in endemic areas there is no need for further identification. 
However, confirmatory identification may be needed for suspected isolates in 
non-endemic areas. A combination of some of the following methods can be 
performed. 

Oxidase test. The production of cytochrome oxidase can be demonstrated by 
placing a few drops of tetramethyl-p-phenylenediamine hydrochloride on a 
strip of filter-paper and by rubbing the growth from several colonies on to 
the impregnated area using a bacteriological loop. A colour change to blue- 
purple within 1 minute indicates a positive result. 



Table 5.2 
Composition of buffered solutions for use in confirming identification of 
H. ducreyi 

Type of Concentration Weight per litre for stock solutions pH Volumes 
solution (molll) used to 

prepare 
100 ml of 
working 

solution (ml) 

A B A B 

Phosphate buffer 0.025 3.41 g of KH,PO, 4.46 g of Na2HP0;2H20 6.8 50.8 49.2 

S6rensen1s 
citrate-sodium 
hydroxide buffer 

0.01 Dissolve 2.1 g of citric 0.01 molll HCI 
acid monohydrate in 
20 ml of 1 molll 
NaOH and add distilled 
water to 1 litre (= 0.01 
molll disodium 

Nitrate reduction. Prepare a dense bacterial suspension (McFarland standard 
3, 109 bacteria per ml; see Chapter 1, Table 1.3) and transfer 0.04 m1 to a small 
tube. Add 0.04 m1 of 0.5 g / l  sodium nitrate solution and 0.04 m1 of 0.025 
moll1 phosphate buffer, pH 6.8 (Table 5.2) and incubate in a water-bath at 
37 "C for 1 hour. Then add 0.06 m1 of 8 g / l  sulfanilic acid in 5 moll1 acetic 
acid and 0.06 ml of 5 g / l  a-naphthylamine in 5 moll1 acetic acid. The tube 
is shaken; if a pink colour is observed the test is positive. 

Requirement for haemin (X factor). The classical growth test with haemin- 
impregnated discs or strips cannot be used to detect H. ducreyi. The only re- 
liable way of demonstrating haemin requirement is the porphyrin test. Make 
a dense bacterial suspension in 0.5 m1 of a solution of 2 mmol/l S-amino- 
levulinic acid hydrochloride in 0.1 moll1 phosphate buffer, pH 6.9 (Table 5.2) 
containing 0.8 rnmol/l magnesium sulfate solution. Incubate in a water-bath 
at 37 "C for 4 hours. Expose the substrate to Wood light (wavelength 360 nm) 
in a dark room. A red fluorescence indicates the presence of porphyrins, i.e. 
no requirement for haemin. Thus, H. ducreyi should give a negative result. 

Alkaline phosphatase. Make a dense bacterial suspension (McFarland stand- 
ard 3) in a tube containing 0.5 m1 of 0.3 g /  l phenol-free disodium phosphate 
in 0.01 moll1 Sorensen's citrate-sodium hydroxide buffer, pH 5.6 (Table 5.2) 
and incubate the tube in a water-bath at 37 "C for 4 hours. Add 4 drops of 
5 g/l2,6-dibromoquinone-4-chlorimide in methanol, shake and stand the tube 
at room temperature for 15 minutes. Add 0.3 m1 of n-butanol, shake and stand 
for 5 minutes. A blue-purple colour in the butanol layer indicates a positive 
result. 

Catalase, indol and urease tests are all negative. 

H .  ducreyi is not considered to be saccharolytic. However, positive reactions 
for different carbohydrates have been reported. 

H. ducreyi possesses a wide range of aminopeptidase activity and all tested 
isolates have shown activity with P-naphthylamide derivatives of L-lysine, 
L-arginine, L-alanine, L-glycine, glycyl-glycine, glycyl-L-alanine, and L-leucine. 
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5.5 Serology 
Serological tests for the detection of H. ducreyi antibody are currently not com- 
mercially available. The development of reliable serological tests depends on 
detailed information on the host immune response as well as on the antigen 
presentation by the infectious organism. Data on these mechanisms for chan- 
croid and H. ducreyi are very limited. Based on clinical experience and experi- 
mental inoculation studies in humans, it appears that there is probably no 
acquired immunity to H. ducreyi. Nevertheless, research is still needed to 
determine the antigenic composition and immunogenic epitopes of H. ducreyi, 
and the kinetics of the humoral immune response to infection in treated and 
untreated patients with primary or recurrent episodes of chancroid. 

Earlier attempts with agglutination and immunofluorescence methods for the 
detection of circulating antibodies have failed. The results of the more recent 
immunodot and ELISA procedures are more encouraging (2,15). Both methods 
reveal qualitative and quantitative differences in antibody response in patients 
with a recent or past history of H. ducreyi infection. However, the factors 
influencing these variations in response are not yet clearly understood. The 
limited sensitivity of enzyme irnmunoassay procedures means that they are not 
useful for the diagnosis of active H. ducreyi infection, although they seem to be 
very useful for epidemiological purposes. 

5.6 Antimicrobial susceptibility testing 
During the past decade, high-level, plasmid-mediated resistance to sulfona- 
mides, penicillins, kanamycin, streptomycin, tetracycline, chloramphenicol and 
trimethoprim has been observed and described in H. ducreyi isolates. The 
characteristics of the plasmids are shown in Table 5.3. Plasmid-mediated 
resistance patterns and chromosomal resistance levels may vary greatly between 
geographically diverse areas. An increasing number of H. ducreyi isolates exhibit 
multiple antimicrobial resistance. The continuing increase in drug resistance 
necessitates adequate surveillance of the susceptibility of clinical H. ducreyi 
isolates. However, as yet there are no standard procedures for susceptibility tests 

Table 5.3 
Antimicrobial resistant plasmids of H. ducreyi 

Antimicrobial Plasmid mass 
resistance (M,) Characteristics 

Ampicillin 3 200 000 Encodes for a TEM-1 type p-lactamase, identical to the 
3 200 000 M, gonococcal determinant 

5 700 000 Encodes for a TEM-1 type p-lactamase, homologous with the 
3 200 000 M, gonococcal plasmid 

7 000 000 Encodes for a TEM-1 type p-lactarnase, homologous with the 
4 400 000 M, gonococcal plasmid 

3 100 000 Encodes for two aminoglycoside phosphotransferases Streptomycin1 
kanarnycin 
Sulfonamides 

Tetracycline 

Tetracycline1 
chloramphenicol 

Related to the enteric streptomycin-sulfonamide-resistant 
plasmid RSF 1010 
Conjugative plasmid, related to a tetracycline-resistant 
determinant found in H. influenzae 
Conjugative plasmid, encodes for chloramphenicol 
acetyltransferase and possesses a class B tetracycline 
determinant 



for this organism. Most of the published studies have used the agar dilution 
technique to determine minimum inhibitory concentrations (MICs). One of the 
most suitable media is Mueller-Hinton (MH) agar enriched with 1% haemoglobin, 
5% fetal calf serum, and 1% HD supplement (see Annex 2). Alternatively, MH 
agar can be replaced by GC agar base. The determination of antimicrobial MICs 
for H. ducrqi isolates is a cumbersome and technically delicate procedure and 
can be successfully performed only in specialized reference laboratories. 

Choice of antimicrobials 
The list of antimicrobials to be tested should include: drugs locally recommended 
and used for the treatment of chancroid; drugs that may be useful for alterna- 
tive treatment; antimicrobials useful for the epidemiological study of H. ducreyi; 
and newly developed drugs. 

Commonly tested antimicrobials are: 

- sulfamethoxazole and trimethoprim, alone and in combination 
- tetracycline 
- chloramphenicol 
- erythromycin 
- kanamycin or streptomycin 
- ciprofloxacin or fleroxacin 
- ceftriaxone or cefotaxime. 

The MIC susceptibility ranges of these antimicrobials for H. ducreyi isolates from 
different geographical areas, as presented in diverse studies, are shown in 
Table 5.4. 

Table 5.4 
Antimicrobial susceptibility of more than 1000 H. dsrereyiisolates from 
different geographical areasa 

Minimum inhibitory concentration range Proportion of resistant isolates 
Antimicrobial (men) ("/.l 
Sulfonamides 0.25- >l28 > 35 
Trimethoprim 0.1 25-32 10 
Ampicillin 0.03- >l28 95 
Tetracycline 0.1 25-1 28 > 50 
Kanamycinlstreptomycin 0.5- >l 28 > 10 
Chloramphenicol 0.25-32 10 
Erythromycin 0.002-0.1 25 none known 
Ciprofloxacin 0.002-0.1 25 none known 
Ceftriaxone 0.001-0.06 none known 

a Source: references 16-24. 

Antjmicrobial solutions 
The preparation of antimicrobial stock solutions and dilutions for use in MIC 
testing is described in detail in Chapter 1, section 1.10. 

Preparation of MIC agar plates 
To prepare the medium, dissolve dehydrated MH medium and haemoglobin 
separately in distilled water. The volume of water used should be 16% less than 
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the normal medium formula (to allow for the volume of the supplements and 
antimicrobial solution which will be added later). Boil and dispense the MH and 
haemoglobin separately into containers in volumes appropriate for the number 
of plates to be prepared for each antimicrobial dilution, which will depend on 
the number of strains to be tested. Autoclave in tightly dosed containers, allow 
to cool down to a temperature of 50-55 "C in a water-bath, then mix together in 
one container and add 5% fetal calf serum, 1% HD supplement, and 10% of anti- 
microbial solution. Mix gently and pour amounts of approximately 20 m1 on to 
plates with an internal diameter of 9 cm. Once the agar has solidified, the plates 
may be stored for up to 1 week in sealed plastic bags at 4 "C. 

Preparation of inoculum 
Suspend the growth from a 24hour subculture on enriched GC or MH agar (sirni- 
lar to isolation medium without vancomycin) into tryptic soy broth (TSB) to a 
density of 108 colony-forming units (CFU) per ml. H. ducreyi colonies are often 
so cohesive that a homogenous suspension cannot be obtained, even after 
vigorous shaking on a vortex mixer. Centrifugation at low speed (500g) may 
be helpful to sediment large clumps. The density of the supernatant is then 
compared to McFarland standard tube 0.5 (see Table 1.3). Dilute the suspen- 
sion in TSB (1:lO) to obtain 107 CFU per ml, and place 0.5 m1 of this dilution 
into the corresponding well of a replicator seed block. 

Inoculation of plates 
Warm the MIC test plates to room temperature and, if required, dry by placing 
in an incubator in an inverted position with the lids ajar. Transfer the prepared 
bacterial inocula to the test plates using a multipoint replicator, to produce spots 
containing approximately TO4 CFU. Inoculate a control plate containing no anti- 
microbial~ first, followed by the plates containing the different antimicrobials, 
starting with the lowest concentration for each product. Finally, inoculate a 
second control plate. Allow the inocula to dry, invert the plates and incubate at 
33 O C  in a water-saturated atmosphere containing 5% carbon dioxide for 24 
hours. 

Reading of results 
The MIC is the lowest concentration of antimicrobial that yields no growth, very 
few single colonies, or a fine, barely visible haze. The growth on both control 
plates should be confluent and without contamination. The determination of 
the MIC for sulfonamides is somewhat difficult since the end-points are less 
sharp than for other products. A standardized reading and reproducible results 
are obtained if the second dilution on which there is a spectacular decrease of 
growth is taken as the MIC. It may be helpful to compare this growth to that on 
the control plates. 

5.7 Conservation of isolates 
To maintain the viability of H. ducreyi isolates in the laboratory, they should be 
subcultured every 4 days. Strains can also be preserved for up to 4 weeks by 
inoculating them on enriched chocolate agar stabs. For maintenance periods of 
several months, suspensions in skim milk can be stored frozen at -70 "C. For 



long-term preservation, isolates can be suspended in a cryoprotective medium, 
such as fetal calf serum + 10% dimethylsulfoxide or skim milk + 20% glycerol, 
and stored in liquid nitrogen. 
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CHAPTER 6 

G!ranuloma inguinale 

l) 
6.1 ntroduction 

Granuloma inguinale (donovanosis) is a chronic infection involving the skin, 
mucous membranes and lymphatic system of the genitalia and perinea1 area. 
The disease is transmitted between humans principally by sexual contact. The 
incubation time may vary between 1 and 12 weeks. The disease starts as an in- 
durated subcutaneous nodule that erodes the skin surface to form a beefy red, 
hypertrophic, granulomatous ulcer with a well-defined border. The lesion bleeds 
easily on contact. The ulcer progresses slowly and may become painful when a 
secondary infection develops. Secondary infection with other organisms may 
contribute to necrotic debris in the ulcer. New lesions may be formed by auto- 
inoculation. Inguinal lymph nodes may become involved and the disease may 
spread haematogenously to bones, joints and liver; dissemination may also result 
in cutaneous lesions at extragenital body sites. Genital and peri-anal lesions at 
various stages may resemble lesions formed by other conditions, such as syphilis, 
chancroid, carcinoma and amoebiasis. Granuloma inguinale is caused by 
Calymmatobacterium granulomatis (also known as Donovan body), a Gram-negative 
bacterium (1.5 X 0.7 pm), which can be observed enclosed in vacuoles in large 
histiocytic cells. The organism cannot yet be cultured on artificial media and 
laboratory diagnosis depends on the visualization of Donovan bodies in stained 
smears from clinical lesions. 

6.4 ~o l lec t ion  of specimens 
Clean an area of granulomatous red tissue in the lesion, preferably near the edge, 
carefully with gauze soaked in saline, and finally with dry gauze. Bleeding does 
not affect the reliability of laboratory diagnosis. Using a thin scalpel or a punch 
biopsy forceps, remove a small piece of tissue, crush and spread on a glass slide. 
Allow to dry in air. A crush preparation facilitates the microscopic interpretation; 
thin superficial smears contain too much debris and broken cells and are of poor 
diagnostic value. 

Leishman staining 
Y l  

Fix the clinical specimen on the slide with methanol for 2-3 minutes and then 
cover with diluted Leishman stain for 10 minutes. Rinse the slide in a stream of 
buffered water (pH 7.0-7.2) and leave clean water on the smear for 2-3 min- 
utes. Allow the slide to dry in air and examine with a light microscope. The 
Donovan bodies appear as coccobacilli within large vacuoles (20-90 pm in 
diameter) in the cytoplasm of large histiocytes and occasionally in plasma cells 
and polymorphonuclear leukocytes. The organisms are blue-purple in colour 
and are often surrounded by a prominent clear to acidophilic pink capsule (Fig. 
6.1). Typical bacteria resemble closed safety-pins. Contamination with other types 
of bacteria will often be observed. 
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ther staining techniques 

Figure 6.1 
Typical Danovan bodies 
stained with Lelshman stain 
(X 1000) 

In place of the Leishrnan stain, the May-Griinwald-Giemsa, Wright or Giemsa 
stains may be used. Recently, a successful simple l-minute staining method was 
described: the rapid differentiation dipping-staining technique, known in hae- 
matology, and using three reagents (1). The slide is dipped 5 times in a fixative, 
6 times in eosin solution, and 6 times in a thiazine dye mixture and then rinsed 
with phosphate buffer, pH 6.8 (see Table 5.2). 

6.4 Histopathology 
Histological aspects of a biopsy may be helpful in the differential diagnosis be- 
tween granuloma inguinale and other conditions. An ulcer with a mixed inflam- 
matory infiltrate of plasma cells, neutrophils and histiocytes, with a conspicuous 
absence of lymphocytes, suggests granuloma inguinale. Take a piece of tissue 
(3-5 mm thick) from the edge of the lesion with a punch biopsy forceps and 
place in a container with formaldehyde-saline fixative. The demonstration of 
intracellular organisms (Donovan bodies) using Warthin-Starry silver impreg- 
nation reagent constitutes a diagnosis (2). Paraffinized biopsies should be cut 
in sections of 6 pm. After deparaffination and hydration with distilled water, 
fix the sections on a glass slide with glycerol, dry and treat with the acid silver 
nitrate solution at 43 "C for 30 minutes. Wash with hot water, rinse with distilled 
water, dehydrate in 95% ethanol, and clear in xylene. 

6.5 Culture and immunological aspects 
To date, there are no in vitro culture techniques for the isolation of C. granulo- 
matis. The organism can be cultured by inoculation of clinical specimens into 
the yolk sac of 5-day-old embryonated chicken eggs. The organism is detectable 
after 72 hours' incubation (3). 

Antibodies to C. granulomatis have been observed by means of a complement- 
fixation technique in sera from patients whose lesions have persisted for more 
than 3 months. However, these types of tests are of low diagnostic value. 
Recently, a successful indirect immunofluorescence technique for the detection 
of serum antibody has been described. Sera were applied on deparaffinized and 
rehydrated 5 - p  tissue sections from a biopsy specimen from a lesion containing 
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Donovan bodies, and treated with antihuman IgG conjugated with fluorescein 
isothiocyanate. A sensitivity of 100% and a specificity of 98% were obtained (4). 
In the absence of culture methods for C. granulomatis, this assay may prove 
valuable for the diagnosis of granuloma inguinale. No serological diagnostic 
procedures are currently commercially available. 
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CHAPTER 7 

Vaginitis in adults 

Infections of the vulva and vagina are among the most common medical problems 
throughout the world. The most common types of vulvovaginitis are candidiasis, 
trichomoniasis and bacterial vaginosis. These conditions are considered separately below. 

A. Candidiasisl 
7.1 Introduction 

Vulvovaginal candidiasis is caused by the fungus Candida albicans in approxi- 
mately 85% of cases, with C. glabrata being responsible for the remaining 15%. 
Other species, such as C.  krusei, C. tropicalis and C,  stellatoidea, rarely cause vaginitis 
(1). Candida spp. may be transmitted by sexual partners and may cause balani- 
tis, balanoposthitis and (rarely) urethritis in males. Candida spp. are usually of 
endogenous origin and can be isolated from the genital tract in up to 25% of 
asymptomatic healthy women of childbearing age. In order for Candida spp. to 
colonize the vagina, they must first adhere to the vaginal epithelia1 cells and 
then grow, proliferate and germinate, before finally causing symptomatic inflarn- 
mation. Changes in the vaginal environment are usually necessary before the 
organism can induce pathological effects. Probably the most important defence 
against both colonization and inflammation is the natural bacterial flora. The 
mechanism whereby Candida induces inflammation has not yet been established 
but important predisposing factors for colonization and inflammation include: 

- changes in reproductive hormone levels associated with premenstrual peri- 
ods, pregnancy and oral contraceptives; 

- the use of antibiotics eliminating the protective vaginal bacterial flora; 

- diabetes mellitus. 

Chemical products, local allergy and delayed hypersensitivity may contribute 
to the induction of symptomatic vaginitis and vulvitis and may play a role in 
chronic or recurrent candidiasis. 

The diagnosis of vaginal candidiasis cannot always be established on the basis 
of clinical manifestations alone. Classic symptoms and signs of candidiasis 
include vaginal itching, an odourless curdy white discharge ("cottage cheese"), 
a burning feeling in the vulva, dysuria, and erythema of the labia and vulva. 
Symptoms and signs, however, are often more equivocal. Laboratory support 
is necessary for a differential diagnosis or to confirm the clinical diagnosis of 
candidiasis. A wet-mount preparation should routinely be done not only to 
determine the presence of yeast cells, but also to exclude the presence of 
Trichomonas vaginalis and "clue cells" (see section 7.11 below). Positive direct 
microscopy has a very high diagnostic value. In a minority of patients with 
symptomatic vaginal candidiasis, the microscopic examination is negative. 

Culture remains the most sensitive method currently available for the detec- 
tion of Candida. However, a positive culture does not necessarily indicate that 

' Also termed candidosis. 



Candida is responsible for the vaginal symptoms, as more than 20% of healthy 
women may harbour Candida spp. in the vagina. Therefore, culture is only 
recommended if vaginal candidiasis is clinically suspected but wet-mount mi- 
croscopy is negative. 

Remove a sample of discharge from the vaginal wall with a swab; the type of 
fibre is not important. In general, collect the specimen from the wall of the pos- 
terior fornix. In patients who have only a slight vaginal discharge and exten- 
sive involvement of the vulva or labia, it is better to collect a specimen from 
the irritated mucosa. Direct microscopy can be done immediately at the clinic 
site or the specimen may be transported to the laboratory. The use of a trans- 
port medium, such as Amies, is hot necessary if yeasts have to be identified, 
but is to be preferred in order to maintain viability and motility of trichomon- 
ads. This can also be ensured by placing the swab in a small tube containing 
0.3 rnl of saline for transport times of no more than 2 hours. 

In males with balanitis, use a swab premoistened in saline to rub the glans of 
the penis. 

7.31 0irect microscopy 
Place the specimen on a glass slide and, if necessary, depending on its fluidity, 
mix with a drop of saline. Cover the preparation with a coverslip and examine 
microscopically at X 400 magnification not only to detect yeast cells, but also to 
exclude the presence of trichomonads and clue cells. Yeasts are round to ovoid 
cells, 4 pm in diameter, showing typical budding (blastoconidia) (Fig. 7.1). The 
addition of 10% potassium hydroxide to the preparation increases slightly the 
detection sensitivity of yeasts, making the recognition of mycelia (pseudohyphae) 
much easier. In general, there is a quantitative relationship between the sever- 
ity of clinical signs and symptoms and the extent of genital yeast colonization. 

Yeasts can easily be recognized on a Gram-stained smear as they are Gram-posi- 
tive cells (Figs. 7.2 and 7.3). The sensitivity of a wet mount, however, is superior 
to that of a stained smear. 

Figure 7.1 
Potassium hydroxide 
preparation of vaginal fluid 
showing budding yea& and 
mycelia (X 400) 
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Figure 7.2 
Gram-stained smear of 
vaginal discharge showing 
Gram-positive yea& and 
mycelia (X 1000) 

Figure 7.3 
Gram-stainrd smear of 
vaginal discharge showing 
budding yeasts (X 1000) 

7.4 Culture 
Selective Sabouraud dextrose agar is an excellent growth medium for the isola- 
tion of Candida spp. After inoculation of the clinical specimen, incubate the plates 
at 36 "C for 2 days. Colonies of yeast cells are opaque white to creamy. The only 
important identification for routine purposes consists of a differentiation from 
bacteria: pick up a colony with a bacteriological loop, suspend it in a drop of 
saline on a glass slide, cover with a coverslip, and examine microscopically. 

Further identification of yeasts is not necessary for routine diagnosis. However, 
a simple test for the presumptive identification of C. albicans is the germ tube 
test. Emulsify a colony in 0.5 m1 of bovine or horse serum and incubate at 36 "C 
for 4 hours. C. albicans will show short lateral hyphal filaments without any 
constrictions. A complete identification of yeasts to species level can be obtained 
by means of auxanographic methods for carbohydrate and nitrate assimilation, 
or through carbohydrate fermentation tests. Kits for the identification of yeasts 
to species level are commercially available. 

B. Trichomoniasis 
7.5 Introduction 

Trichomoniasis is an infection of the genital tract caused by a flagellated proto- 
zoon, Tvichomonas vaginalis. Trichomoniasis is considered to be mainly sexually 



transmitted; non-venereal transmission is not well documented. Vaginal tricho- 
moniasis may be asymptomatic in a large proportion of infected women. In men, 
infection is much less common and is often transient and asymptomatic (2). 
T. vaginalis adheres to mucous membranes. Only squamous epithelia1 cells are 
involved and there is no invasion of the mucosa. In women, trichomoniasis elicits 
an acute inflammatory response resulting in vaginal discharge containing large 
numbers of polymorphonuclear neutrophils. Typical symptoms associated with 
trichomoniasis in women include vaginal itching or irritation and a frothy grey 
to green-yellow discharge. Vaginal malodour and dysuria can also occur. 

73 

T. vagiizalis is an ovoid, globular, pear-shaped flagellate, 12-25 pm long, with 
four free anterior flagella and one extra posterior flagellum attached to an 
undulating membrane, extending along the length of its body. Although certain 
signs and symptoms are predictive for trichomoniasis, the detection of the 
parasite is necessary to establish the diagnosis. Direct rnicroscopy of a wet mount 
seems to have a sensitivity of no more than 60% while the sensitivity of mlture 
has been estimated to be approximately 95% (3). Asymptomatic vaginal tricho- 
moniasis is associated with lower numbers of parasites and such cases are often 
negative in direct microscopy. 
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bollection of specimens 

! 

With a speculum in place, collect a vaginal specimen with a swab from the pos- 
terior fornix. If transport of several hours is required, the specimen should be 
placed in a tube containing Amies transport medium, in which T. vaginalis will 
survive at room temperature for at least 24 hours. A reasonable number of 
parasites will remain slowly motile during that period. For transport of no more 
than 2 hours, the specimen may be placed in a small tube containing 0.3 m1 of 
saline to keep the swab moist (Fig. 7.4). When immediate microscopic exami- 
nation is performed at the clinic site, place a drop of vaginal fluid on a glass 
slide; if necessary, depending on its fluidity, mix with a drop of saline. 

In males, collect 20 m1 of first-voided urine, centrifuge at 500g for 5 minutes, 
and then use the sediment for microscopy or for culture. 

Figure 7.4 
After collection, the 
specimens are placed in 
saline 

1.71 Direct microscopy 

I Cover a wet preparation with a coverslip and examine microscopically at X 100 

l magnification prior to examination at X 400 magnification (Fig. 7.5). T. vaginalis 

I 
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Figure 7.5 
Trichomonas vaginalis in 
a wet mount of vaginal 
discharge (X 400) 

is destroyed in preparations with potassium hydroxide. Usually an increased 
number of polymorphonuclear leukocytes is observed, but small numbers of 
leukocytes do not rule out infection. Concurrent bacterial vaginosis (with "clue 
cells") is common. Mixed infection with Candida spp. is not exceptional. Tri- 
chomonads are best recognized by their typical jerky motility. The recognition 
of trichomonads in stained smears requires more experience and wet-mount 
preparations have a significantly higher sensitivity. 

7.8 Culture 
Culture of T. vaginalis is currently the most sensitive method for diagnosis of 
trichomoniasis. It is recommended when vaginal infection is suspected despite 
negative wet-mount results, and is suitable for the diagnosis of trichomoniasis 
in men and for research purposes. Several media have been described for the 
recovery of T, vaginalis, such as those of Diamond, of Kupferberg, and of Fein- 
berg. Optimal in vitro growth of T. vaginalis occurs in moderately anaerobic con- 
ditions and consequently the organism will grow best at the bottom of relatively 
long culture tubes filled with medium. Most isolates show growth after 2-4 days, 
but additional isolates can be recovered after prolonged incubation for up to 7 
days. 

7.9 Non-culture diagnostic methods 
Immunological procedures for the detection of T. vaginalis antigen in genital 
specimens, including immunofluorescence, latex agglutination and ELISA, have 
been described. AI1 these methods have a sensitivity of over 90%. A rapid anti- 
gen-capturing immunoassay which can be performed within 1 hour, may offer 
an alternative to culture (4). It is possible that more experience with non-cul- 
ture assays will lead to their wider acceptance, provided their reliability and 
costs prove advantageous compared to culture procedures. 

Several methods have been described for the detection of antibodies against 
T. vaginalis in serum and in vaginal washings, with varying sensitivities and 
specificities. None of these procedures, however, contributes to a more adequate 
diagnosis of trichomoniasis. 
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C. Bacterial vaginosls 
7.10 Introduction 

Bacterial vaginosis (BV) is probably the most common cause of vaginal discharge 
among women of childbearing age. Although sexual promiscuity is a risk fac- 
tor, and despite the fact that the infection is sexually transmissible, the condi- 
tion is probably much more related to alterations in the vaginal ecosystem (due 
to so far unknown mechanisms and host factors). BV is a clinical entity charac- 
terized by slightly increased quantities of malodorous vaginal discharge and is 
associated with an overgrowth of the normal bacteria1 flora of the vagina with: 
various anaerobic bacteria, such as Bacteroides spp. and Mobiluncus spp.; Gard- 
nerella vaginalis; or Mycoplasma hominis. 

l?, Clinical diagnosis 
The diagnosis of BV is based on the presence of at least three of the four fol- 
lowing characteristics: 

- homogeneous white-grey adherent discharge 

- a vaginal fluid pH of > 4.5 

- the release of a fishy amine odour from the vaginal fluid when mixed with 
10% potassium hydroxide solution 

- "clue cells" visible on microscopic examination. 

Discharge. The evaluation of this clinical sign is subjective. Discharge in 
women with BV is often not markedly greater than that seen in healthy 
women. Moreover the application of vaginal douches can reduce the amount 
of discharge. 

Vaginal pH. The pH of vaginal fluid should be measured using pH indicator 
paper strips of appropriate range (3.8 to 6.0). A specimen is collected with a 
swab from the lateral and posterior fornices of the vagina and the swab is 
then touched directly on to the paper strip. Alternatively, the pH paper can 
be touched to the tip of the speculum after it has been withdrawn from the 
vagina (Fig. 7.6). Contact with cervical mucus must be avoided since it has a 

Figure 7.6 
Measuring the pH of vaginal 
fluid by comparison with a 
standardized colour scale 



LABORATORY DIABNOSIS OF SEXUAUY TRAWSMllfED DISEASES 

1 

pH of > 7.0. The normal mature vagina has an add pH of 4.0. In BV, the pH 
generally is elevated to > 4.5. The vaginal pH test has the highest sensitivity 
of the four characteristics, but the lowest specificity; an elevated pH is also 
observed if the vaginal fluid is contaminated with menstrual blood, cervical 
mucus or semen, and in women with a T. vaginalis infection. 

Odour. Women with BV often complain of a foul vaginal smell. This odour is 
due to the release of amines, produced by decarboxylation of the amino acids 
lysine (to cadaverine) and arginine (to putrescine) by anaerobic bacteria. 
When potassium hydroxide is added to the vaginal fluid, these amines 
immediately become volatile, producing the typical fishy odour. Place a drop 
of vaginal fluid on a glass slide and add a drop of 10% potassium hydroxide. 
Hold the slide close to the nose to detect the amine odour. After a positive 
reaction, a specimen will quickly become odourless upon standing because 
the amines will be rapidly and completely volatilized. 

Clue cells. Mix a drop of vaginal fluid with a drop of saline on a glass slide. 
Place a coverslip over the suspension and examine the preparation micro- 
scopically at X 400 magnification. Clue cells are squamous epithelial cells cov- 
ered with many small coccobacillary organisms, giving a stippled, granular 
aspect; the edges of these epithelial cells are not clearly defined, owing to 
the large number of bacteria present and the apparent disintegration of the 
cells (Fig. 7.7). In most patients with BV, a mixture of normal exfoliated 
vaginal epithelial cells and 20% or more clue cells will be seen. The adhering 
bacteria on the cells are predominantly G. vagimlis, sometimes mixed with 
anaerobes. 

7.12 Laboratory procedures 
Gram staining 

A vaginal smear for Gram staining can be prepared at the same time as the wet 
mount by rolling (not streaking) the swab on the surface of a glass slide. For 
vaginal specimens in general, a Gram stain is preferred because it allows a good 
evaluation of the vaginal bacterial flora and it also has a higher specificity for 
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Culture 
I 
I 

Figure 7.8 
Typical "clue cell" in a 
Gram-stained va~inal  smear 
(X 1000) 

the detection of clue cells than a wet-mount preparation (Fig. 7.8). Normal vagi- 
nal fluid contains predominantly Lactobacillus spp. and possibly low numbers 
of streptococci and coryneform bacteria. In BV, lactobacilli are replaced by a 
mixed flora of anaerobic bacterial morphotypes and G. vaginalis. A Gram smear 
should indicate the percentage of clue cells among the vaginal epithelia1 cells, 
and the composition of the bacterial flora can be noted according to four grades: 

- lactobacilli only (Fig. 7.9) 

- mixed flora, predominantly lactobacilli with a few coccobacillary morpho- 

types 

- mixed flora, predominantly ~akdnerelln-like and anaerobic bacterial morpho- 
types with a few ladobacilli 

- mixed flora of Gram-positive, Gram-negative and Gram-variable rods (coc- 
cobacilli) in the absence of lactbbacilli. 

Isolation of bacteria associated with BV is not recommended as a routine pro- 
cedure, since culture results for G. vaginalis, anaerobes and Mycoplasma horninis 
do not contribute to the diagnosis of BV. 
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G. vaginalis may be recovered in culture from vaginal specimens of more than 
50% of women without clinical criteria for BV. Consequently, a positive cul- 
ture for G. vaginalis in the absence of clinical signs should never be used as a 
basis for treatment. For culturing G. vaginalis in genital specimens a semi- 
selective human blood-Tween bilayer agar (HBT) or equivalent is recom- 
mended. After incubation at 36 OC in an atmosphere containing 5% carbon 
dioxide for 48 hours, colonies of G. vaginalis are small, translucent to white, 
and surrounded by a diffuse small zone of P-haemolysis. If pIeiomorphic 
Gram-variable coccobacilli are observed on the Gram stain, they may be pre- 
sumptively identified as G. vaginalis. A more definitive identification is cum- 
bersome and can be based on the determination of characteristics as shown 
in Table 7.1. 

Table 7.1 
Useful characteristics for the identification of G. vaginalis 

Proportion of positive isolates 
Test (W 
p-Haemolysis (HBT agar) 99 

Hippurate hydrolysis 

Starch hydrolysis 

Lipase 

Acid from: 
- arabinose 
- glucose 
- maltose 
- mannitol 
- starch 
- sucrose 
- xylose 

Zone of inhibition with: I 

- metronidazole (50 pg) 92 l 

- sulfonamide (1 pg) 0 
- trimethoprim (5 m) 100 

Mobiluncus spp. can be isolated on enriched media, such as human blood 
Columbia agar or semiselective fetal calf serum-rabbit blood bilayer agar. 
Incubate the plates anaerobically at 36 "C and examine after 3 and 5 days 
for the presence of minute translucent colonies that may be weakly P-haemo- 
lytic. If small Gram-variable curved rods are observed on the Gram stain, 
they may be presumptively identified as M. curtisii whereas larger Gram- 



Figure 7.10 
Gram-stained wainal 

ADULTS 

I smear showing large 
Gram-negative curved rods 
(Mobiluncus mulieris) 
(X 1000) 

negative curved rods are presumably M. mulieris (Fig. 7.10). A more defini- 
tive identification can be based on the determination of characteristics as 
shown in Table 7.2. 

Table 7.2 
Differential diagnostic characteristics of Mobiluncus species 

M. curtisii M. curtisii 
Characteristic subsp. curtisii su bsp . holmesii M. mulieris 

Length of cells (pm) 1.7 1.7 2.9 
Gram stain variable variable negative 
NH,' from arginine t t - 

Hippurate hydrolysis t t - 
Nitrate reduction - t - (occasionally t) 
Acid (pH 5.5) from glycogen - - t 

Mycoplasma hominis grows well in H (hominis) broth and on H (horninis) agar. 
Both media contain arginine. Incubate the media aerobically in air or in an at- 
mosphere containing 5% carbon dioxide. In broth, M. hominis shows a faint 
but distinct haze, but its growth is easily recognized by a colour change to 
red in the medium which contains the indicator phenol red. Observe the 
agar plates daily for 5 days in order to check for the appearance of small pin- 
point colonies 200-300 pm in diameter. They are more visible under micro- 
scopic magnification, which shows typical "fried-egg" colonies, in which the 
growth of M. hominis is in the agar at the centre of the colony and only on 
the surface at the periphery (Fig. 7.11). To confirm whether or not the colour 
change in the liquid medium is specifically caused by M. horninis, a subcul- 
ture from broth to agar is recommended. The use of a liquid-to-agar tech- 
nique provides the most sensitive method for the isolation of M, hominis in 
genital specimens. 
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Figure 7.11 
Magnification of colonies of 
Mycoplasma hominis (fried- 
egg shape) and Ureaplasma 
urealyticum (brown 
colonies) (X 100) 
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I CHAPTER 8 

Human papillomavirus infection1 
l 
l 

Genital warts (papillomas) are generally benign self-limiting tumours, which 
regress over a period of time. They are caused by the human papillomavirus 
(W). The infection is transmitted through mucosa and abraded skin, by sex- 
ual contact, and from mother to child during passage through an infected birth 
canal. Wart formation probably starts with damage to the epithelium and the 
subsequent entry of the virus into cells of the basal germinal layer. The virus 
multiplies in the nucleus of these cells and cell growth is stimulated. Acute in- 
fections may be asymptomatic or produce exophytic or flat condylomas. Some 
primary lesions may convert into invasively growing squamous-cell carcinomas. 
The mechanism of induction of invasive tumours by HPV is largely unknown, 
but the association of HPV with cervical cancer is remarkable. 

To date, about 70 HPV types have been characterized, including approximately 
20 types associated with anal or genital lesions; 14 types are site-specific for the 
human genitalia. All genital HPV types may produce papillomas; the most com- 
mon types on the genitalia are HPV-6, HPV-11 and HPV-16. HPV-16 is associated 
with up to 50% of cervical intraepithelial neoplasias and invasive cancers, while 
HPV-6 and HPV-11, associated with the overwhelming majority of cases of con- 
dyloma acuminatum, rarely cause neoplasia. HPV types associated with genital 
lesions in men and women are listed in Table 8.1. This considerable variability 
of HPV types associated with specific invasive lesions, as obsemed by different 
research groups, may be due to differences in geographical distribution, but can 
probably also be ascribed to differences in laboratory techniques and in the 
definition of an HPV type (1). 

Table 8.1 
Human papillomavirus types associated with genital lesions 

Lesion TYPe 

Condyloma acuminatum 6,11,42,44,51, (53), 55,67 

lntraepithelial neoplasia 

Carcinoma 6,11,16,18,31,33,35,39,45,51,52,54,56,66 

So far, the detection and classification of HPV have not proved amenable to clas- 
sical or common diagnostic procedures, such as cell culture or ordinary immu- 
nological assays. HPV does not grow in cell culture. Immunological antigen 
methods, using antibodies directed against common epitopes in the major cap- 
sid protein L1, cannot specifically detect HPV types associated with invasive 
lesions. Even the introduction of type-specific monoclonal antibodies has not 
significantly improved the sensitivity and specificity of virus antigen detection 
assays. The only reliable way to detect and type HPV infection is nucleic acid 
hybridization: the current methods are practicable in research laboratories but 
are not feasible for routine use. 
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1 8.2 Collection of specimens 
Useful specimens for HPV diagnosis are biopsies from tumours and infected 
tissues (removed by excision or mrettage) and scraped exfoliated epithelia1 cells. 
Divide tissue biopsies into two parts when possible, embedding one part in 
paraffin for future in situ hybridization or antigen detection, while freezing the 
other part immediately at -70 "C for future extraction of viral DNA and hy- 
bridization. Collect exfoliated cells with a wooden or plastic spatula, swabs, 
or aspirators. Cervical samples should contain squamous cells from the trans- 
formation zone between the exocervix and endocervix. Suspend the cells in 
phosphate-buffered saline and keep frozen until use. Alternatively, exfoliated 
cells can be stored in commercially available sample-stabilizing solutions at room 
temperature for up to 2 weeks. Samples of exfoliated cells may be used for in 
situ hybridization or hybridization by dot blot or Southern blot procedures. 

1 8.3 Laboratory procedures 
Cytology 

l 

The Papanicolaou smear is the most commonly used method for diagnosing 
cervical intraepithelial neoplasia, but it is a relatively insensitive test for detecting 
asymptomatic cervical HPV infections. Koilocytosis and cellular irregularities 
are characteristic cytological features of HPV infection. Koilocytes have an 
irregular, hyperchromatic nucleus surrounded by a clear halo and a dense 
cytoplasm. Cellular irregularities include the presence of multinucleated or 
enucleated cells, dyskeratosis and parakeratosis. 

Specific antipapillomavirus antibodies raised against disrupted bovine papillo- 
mavirus, extracted from bovine warts, are reacted with washed sections of biopsy 
material (2). These antibodies are labelled with fluorescein isothiocyanate, 
alkaline phosphatase or horseradish peroxidase. Commercial kits now include 
monoclonal antibodies to at least the most common HPV antigens, the L, epitopes 
of types HPV-6, HPV-16 and HPV-18. The sensitivity of all available antigen 
detection assays is rather low and their specificity is certainly not optimal. 

DNA hybridization 
Southern blot hybridization. This method is considered as the "gold standard" 
for the detection of HPV DNA. Total DNA is extracted from biopsy material 
or from exfoliated cells and digested by restriction endonucleases. The DNA 
is then separated into fragments by gel electrophoresis and denatured in the 
gel by alkaline treatment to produce single-stranded DNA, which is then 
transferred to nitrocellulose filters by the Southern blotting technique. The 
filters are then hybridized with HPV-type specific DNA probes, which are 
either radioactively or non-radioactively labelled (3 ,4) .  

Filter in situ hybridizatim detects HPV DNA sequences directly in cells from 
clinical specimens, omitting the digestion and purification steps (5). The cell 
suspensions are placed directly on to nitrocellulose filter discs and filtered, 
using a vacuum manifold. The filter discs are then treated with sodium 
hydroxide to disrupt the cells and liberate and denature the DNA. The filters 
are neutralized and heated to immobilize the DNA and then treated with 



HPV-specific DNA probes. Hybridization with whole cell material, however, 
often results in background signals, giving false-positive reactions. 

Dot blot hybridization. This procedure is comparable to the filter in situ hy- 
bridization method, but here the DNA is first extracted from the cells and 
denatured before it is added to the filters (6) .  DNA can be denatured by heat- 
ing or by the addition of sodium hydroxide for a few minutes. The DNA 
solution is then neutralized and aliquots are added to the filters by spotting 
or by filtration with a vacuum manifold. The filters are prehybridized with 
a blocking solution to prevent non-specific reaction of the probes to the fil- 
ter. The spots are then treated with radioactively labelled HPV-type-specific 
probes and the formation of hybrids is visualized with X-ray film. Non- 
radioactively labelled probes have also been described. The use of the 
polymerase chain reaction to arnpllfy specific target DNA sequences provides 
the most advanced procedure in HPV diagnostic research. 

8.4 The value of HPV detection 
Several investigators have performed studies to detect HPV infection in asymp- 
tomatic women, utilizing one, two or more of the above-mentioned methods to 
estimate their reproducibility, sensitivity and specificity. None of the tests seems 
to be optimal as they can all yield false-negative and false-positive results. It 
has also been shown that repeated cervical sampling can, in time, result in 
fluctuations between positivity and negativity, and in the expression of different 
HPV types. Vacillations in HPV DNA expression do not seem to be correlated 
to the presence or absence of disease, as diagnosed by colposcopy and histo- 
logy. The longitudinal impact of HPV DNA positivity on the development of 
malignant lesions is not yet clear, but there is solid evidence that additional host- 
cell modifications, associated with both endogenous and exogenous factors, are 
required for malignant conversion. Therefore, unless a genital lesion or abnormal 
cytology has been diagnosed, the laboratory detection of HPV infection has at 
present not much consequence for clinical practice (1,7). 
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CHAPTER 9 

Human immunodeficiency virus 

9.1 Introduction 
The human immunodeficiency virus (HIV), which is the causative agent of the 
acquired immunodeficiency syndrome (AIDS), is transmitted between humans 
mainly by sexual contact. Other routes of transmission are: perinatal, from an 
infected mother to her child; by transfusion of infected blood; and through 
exposure to contaminated needles or other skin-piercing objects. Two types of 
HIV have been recognized: HIV-1 and HIV-2. 

HIV belongs to the family Retroviridae. Retrovirus virions are spherical, meas- 
ure 80-130 run in diameter, and have a three-layered structure (Fig. 9.1). The 
genome-nucleocapsid complex consists of a single-stranded RNA molecule con- 
taining approximately 9000 nucleotides. Each virion is diploid, so it contains 
two identical copies of its RNA genome; the genome is associated with reverse 
transcriptase (RT) molecules. The RNA is surrounded by a capsid consisting of 
core proteins. The viral core is surrounded by an envelope derived from the host 
cell. 

The genome of all retroviruses contains three major structural genes: 

- the gag (group-specific antigen) gene encodes the core proteins; 

- the pal (polymerase) gene encodes the RT; 

- the env (envelope) gene encodes the major glycoproteins. 

HIV-1 and HIV-2 genomes are quite similar, but they have some subtype-specific 
genes. The major HIV genes and their products used in serological assays for 
HIV-1 and HIV-2 antibody detection are shown in Table 9.1. 

I Figure 9.1 
structure of the human 
immunodeficiency virus 
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Table 9.1 
Recommended nomenclature for major genes and gene products of HIV 
recognized by Western blot (1) 

Gene HIV-1 gene product HIV-2 gene product 

env gp160 Precursor gP140 Precursor 
g ~ 1 2 0  External gP125 External 

gp80 (gp105) Dimeric form of 
transmembrane gp 

g ~ 4 1  Transmembrane gP36 Transmembrane 

Oag P55 Precursor p56 Precursor 
p40 Precursor 
P24 Core p26 Core 
PI 7 Matrix PI 6 Matrix 

p01 p66 Reverse transcriptase p68 Reverse transcriptase 
P51 Reverse transcriptase p53 Reverse transcriptase 

(provisional) 
p32 Endonuclease D34 Endonuclease 

People infected with HIV usually develop antibodies to the virus within 1 to 4 
months of infection (as far as can be detected in currently available serodiag- 
nostic assays). All infected subjects possess several biological indicators of viral 
infection or viral replication. The natural history of virus replication and the 
antibody immune response are shown in Fig. 9.2. 

Serological procedures used for the diagnosis of HIV infections include screen- 
ing methods and confirmatory supplemental assays for antibody detection, and 
methods for viral antigen and DNA detection. 

9.2 Serological screening procedures 
Enzyme-linked immunosorbent assays (ELISAs) 

Commercial ELISAs for HIV-1 and HIV-2 antibody detection use whole virus 
lysate, recombinant DNA-derived proteins, and chemically synthesized peptides 
as antigen. Combination tests which detect HIV-1 and HIV-2 antibodies simul- 
taneously have become more widely available. The more recent consist of 
recombinant DNA-derived proteins representing envelope and core antigens 
from HIV-1 and envelope antigens from HIV-2, or utilize synthetic peptides or 
a combination of recombinant proteins and synthetic peptides. Overall, the 
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sensitivity of the different commercially available tests is high. Their specificity 
may vary between 90% and loo%, depending on the test principle as well as on 
the geographical origin of the tested serum samples. 

Indirect ELISA. The viral antigens are bound to a solid support (usually the 
wells of microtitre plates) and react with test serum. After incubation and 
washing, enzyme-labelled (alkaline phosphatase or horseradish peroxidase) 
antihuman imrnunoglobulin is added. After a second incubation step and 
washing, the colourless enzyme-immune complex is then treated with a 
substrate which yields a coloured end-product. 

Competitive ELISA. The viral antigens are coated to a solid phase (e.g a 
microtitre plate). Test serum is added simu1taneously with enzyme-labelled 
HIV antibodies. After incubation and washing, a substrate is added to 
visualize the reaction. For competitive assays to be reliable and accurate, there 
has to be an identical amount of antigen and conjugated antibody in all the 
test wells. During incubation, antibodies in the test sample compete with the 
conjugated antibody for the limited number of antigen-binding sites available 
in the wells of the microtitre plate. If the serum sample does not contain HIV 
antibodies, all antigen-binding sites will be occupied by the conjugate and 
consequently a maximum possible colour change will appear after treatment 
with the substrate. If the patient serum contains HIV antibodies, these will 
bind to the viral antigens too, in competition with the conjugated antibody. 
After treatment with substrate, the colour development will therefore be much 
less than with HIV-antibody negative specimens. The optical density of the 
coloured end-product will be inversely related to the amount of HIV antibody 
present in the tested specimen. 

There are no perfect diagnostic tests. False-negative ELISA results may occur 
in immunocompromised individuals. Early in HN infection (the window phase), 
assays detecting IgG antibody will also remain negative. False-positive ELISA 
results occur regularly and are associated with a number of conditions, such 
as: 

- technical error 

- intrinsic specificity of the test 

- lipaemic and haemolysed sera 

- haemophilia 

- dialysis 

- systemic disease. 

In general, the probability of a positive result being false-positive is inversely 
related to the intensity of the reaction. 

Agglutination assay 
Agglutination tests are easier to perform than classical ELISAs and do not require 
special laboratory equipment. Agglutination assays are, like ELISAs, suitable 
for batch testing of large numbers of specimens. The antigens used are passively 
absorbed to erythrocytes, latex, gelatin or microbeads. Several agglutination as- 
says are commercially available; most of them show sensitivities andlor 
specificities lower to much lower than ELISAs. However, the sensitivity and 
specificity of the particle agglutination assay Serodia-HIV are similar to those 
of most ELISAs. The test is performed in the wells of a microtitre plate by mixing 
25 p1 of 1:4 diluted serum with 75 p1 of a suspension of gelatin particles coated 
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with purified HIV antigen. The serum is also mixed with a suspension of 
uncoated particles in a second well. After incubation for 2 hours at room 
temperature, the results can be read. A mat of agglutinated particles at the bottom 
of the well indicates a positive reaction, whereas a dense sediment of particles 
at the centre of the well indicates a negative reaction. Sera that agglutinate both 
coated and uncoated particles should be retested after absorption with a 
suspension of uncoated particles. 

lmmunodot assays 
Two kinds of solid-phase immunodot assays are commercially available: 

Membrane immunodot assay. HIV-1 and HIV-2 antigens are immobilized on a 
membrane as a single spot or as two separate spots. Undiluted or diluted 
serum is added directly on to the membrane of the test device. The serum is 
absorbed through the membrane while serum HIV antibody will bind to the 
antigens on the membrane. The immune complex can then be treated with 
an enzyme-labelled conjugate. The reaction is visualized by addition of a pre- 
cipitating substrate giving a coloured spot on the membrane where an im- 
mune complex has been formed. These rapid assays are designed for situa- 
tions in which classic procedures cannot be performed or when immediate 
test results are required. Results are usually obtained within 15 minutes. 

Card immunodot assay. Plastified cards are made in the shape of a comb. The 
teeth of the comb are sensitized with synthetic peptide antigens of HIV-1 
and HIV-2 at two separate spots. Serum or plasma specimens are placed into 
wells of a test plate containing all the required reagents deposited in differ- 
ent compartments of the plate. Ten specimens and two controls may be proc- 
essed per assay. The test comb is inserted successively into the serum sam- 
ples, a washing solution, an enzyme-labelled conjugate, a washing solution, 
and a chromogenic substrate. Results are obtained within 40 minutes. 

For appropriate patient counselling and management, samples which are reac- 
tive by a screening test should be confirmed by another test method or by a 
confirmation assay (see also section 9.6). 

9.3 Serological supplemental tests 
Western blot 

To date, the Western blot (WB) is the most widely used assay for the confirma- 
tion of HIV antibody in sera with a positive result in a screening test. The WB 
uses W proteins, separated by gel electrophoresis and immobilized on nitro- 
cellulose paper by blotting. After blocking and washing, the nitrocellulose sheets 
are cut into strips. An appropriate serum dilution is incubated with a strip and 
HIV antibodies will bind to the different HIV proteins. After washing, an 
enzyme-labelled antibody against human IgG is added and during incubation 
this conjugate will bind to the antigen-antibody immune complex. After further 
washing in order to remove unbound conjugate, the addition of a substrate will 
produce coloured bands wherever human IgG was bound to the viral proteins 
on the strip. The results of the tested sera are compared to the reaction patterns 
of a standard control serum reacting with all the viral proteins, as shown in 
Fig. 9.3. 

Despite the overall sensitivity and specificity of WB, there has been extensive 
debate on the best criteria for interpreting the results. Considerable cross- 
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Figure 9.3 
(a) Specific HIV-l and HIV-2 protein 
bands in Western blot 
(b )  Western blot results for a series of sera 

reactivity between HIV-1 and HIV-2 antibody exists with WE and efforts to 
classify infections as HIV-1 or HIV-2 have had a considerable influence on the 
selection of interpretive criteria for HIV-1, and even more for HIV-2. The criteria 
currently recommended by WHO for interpreting WB for HIV-1 and HIV-2 are 
shown in Table 9.2 (2). Indeterminate or atypical WB patterns (e.g. p17 or p24 
only) occur frequently. Based on a follow-up experience of more than 5 years 
and on assays for the detection of proviral DNA and culture for HIV, subjects 
with indeterminate WB persisting for more than one year should be considered 
negative. 
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Indirect immunofluorescence 
Where financial resources are limited, WB may be too expensive for mass use. 
The immunofluorescence assay (IFA) may offer a cheaper alternative, if a fluo- 
rescence microscope is available. Although many laboratories prepare their own 
reagents, IFAs are also commercially available. HIV-infected cells are inactivated 
and added to the wells of PTFE-coated glass slides. After air-drying and fixation 
with acetone, slides are ready for use; they can be stored at -20 'C or -70 'C for 
at least one year. Serum dilutions are added to the wells and the slides are in- 
cubated for 30 minutes at 37 OC. After washing in phosphate-buffered saline 
(PBS), the wells are treated with anti-human IgG labelled with fluorescein iso- 
thiocyanate and incubated for 20 minutes at 37 'C. After washing with PBS, the 
slides are covered with a coverslip using mounting fluid (a mixture of glycerol 
and PBS) and examined with a fluorescence microscope: the distribution of 
labelled viral antigen may be diffuse or reticular in the cytoplasm, localized at 
the periphery of the cell, or found in discrete areas of high intensity. Positive 
and negative control sera should be included on each slide and each subject's 
serum should be tested with uninfected cells to avoid false-positive results due 
to a non-specific reaction. It is often necessary to retest sera showing non-spe- 
cific binding after absorption with uninfected cells. 

Radioirnmunoprecipitation 
The radioimmunoprecipitation assay (RIPA) is a less commonly used HIV con- 
firmation test. Although RIPA is an expensive and cumbersome procedure not 
practicable for routine work, it is a highly sensitive and highly specific HIV 
antibody confirmation assay (2,3). It is also a reliable method for differentiating 
HIV-1 from HIV-2 because it uses the structural envelope precursors (m160 and 
gp140) and external (gp120 and gp125) glycoproteins. Cells infected with HIV 
are exposed to a growth medium containing radioactive amino acids that become 
incorporated into the viral proteins. A purified cell lysate is mixed with test 
serum. The immune complexes are then absorbed with protein-A-sepharose 
beads and eluted. The immune complexes are then separated by gel electro- 
phoresis in order to determine specific viral patterns. 

Line immunoassay 
Highly purified recombinant proteins and peptides representing specific HIV-1 
and HIV-2 antigens are applied through a mechanical coating process as discrete 

Table 9.2 
Interpretive Western blot criteria for HIV ( I )  

Positive Two env bands with or without gag Two env bands with or without gag 
or p01 bands or DO/ bands 

Negative No bands or presence of bands that No bands or presence of bands that 
do not correspond to the structural do not correspond to the structural 
HIV-1 proteins (see Table 9.1) HIV-2 proteins (see Table 9.1) 

Indeterminate Other profiles not considered Other profiles not considered 
positive or negative positive or negative 

"he presence of p24 + gp120I~p160 is a strong indication for seroconversion. 
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Figure 9.4 
Results for sera tested with 
the line immunoassay, 
INNO-LIA 

Figure 9.5 
Results for sera tested with 
ths line immunoassay, 
PEPTI-LAV 

lines on a membrane. To date, two highly reliable assays are commercially avail- 
able: 

INNO-LIA. This method uses nylon strips fixed on a plastic support with 
recombinant proteins and synthetic peptides coated as five discrete lines. For 
HIV-1, four antigens are applied: the gag p17 and p24, the env gp41, and the 
p01 p32. For HIV-2, the env gp36 is used. Besides the antigen lines, the strip 
contains control lines which can be used in a rating system. The conjugate 
used is an affinity-purified goat anti-human IgG labelled with alkaline phos- 
phatase (Fig. 9.4). 

PEPTI-LAV. This test uses a membrane fixed on a plastic support and contains 
a serum control line and two bands coated with specific synthetic peptides, 
which represent the immunogenic epitopes HIV-1 gp41 and HIV-2 gp36. The 
conjugate used is purified goat anti-human IgG labelled with horseradish 
peroxidase (Fig. 9.5). 
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9.4 HIV antigen detection 
Several antigen-capturing enzyme immunoassays (EIAs) are commercially avail- 
able. The viral core antigen p24, present at high concentrations in both virions 
and infected cells, is used in these procedures. Purified animal or human anti- 
bodies against the HIV-1 p24 gag protein or against whole virus is coated to a 
solid phase. The test sample (serum, body fluid) or cell culture supernatant, 
mixed with 0.05% Triton-X100 to disrupt the virions, is added to an antibody- 
coated support and incubated (2 hours for culture supernatant and overnight 
for serum or other fluids). A second anti-HIV antibody is then added to complete 
the antigen-capturing. In some assays, this second antibody is conjugated to an 
enzyme or is biotin-labelled, other assays use an unlabelled second antibody 
and an additional enzyme-labelled antibody after incubation. The bound 
enzyme-immune complexes are then treated with a substrate to produce a colour 
change. When biotin-labelled antibodies are used, enzyme-conjugated strepta- 
vidin is added for amplification before treatment with substrate. By comparison 
with a standard curve prepared from dilutions of known amounts of HIV 
antigen, the amount of unbound HIV antigen present in the test sample can be 
quantified. Using these assays as little as 30 pg of viral protein per m1 can be 
detected; this corresponds to a few thousand virions per ml. 

It is recommended that reactive specimens are tested to confirm the presence 
of HIV antigen using a specific neutralization assay before retesting in the 
antigen-capturing EIA. If H N  antigen is present, the neutralizing antibody will 
immobilize the antigen and prevent binding during retesting. When a reduction 
in absorbance of at least 50% is obtained compared to testing without neutrali- 
zation, the presence of HIV antigen is specifically confirmed. 

The usefulness of an antigen detection assay to test general populations for HIV 
infection is not very great, and will depend mainly on the prevalence and 
incidence of HIV infection in the tested population. However, antigen detection 
may be useful: 

- to control the growth of virus in cell culture 
- as a prognostic marker for clinical progress in HIV-positive patients 
- as a diagnostic test for H N  infection in children born to infected mothers 
- to assess the efficacy of antiviral drugs. 

9.5 Proviral DNA assay 
HIV-infected lymphocytes may contain proviral DNA for a long period with- 
out infectious virions. At present, the only method that can be used to detect 
H N  infection during such latent phases is the polymerase chain reaction (PCR). 
The molecular targets of this procedure are H N  proviral DNA sequences; the 
presence of as little as 1 pg of DNA can be detected by PCR amplification, using 
two oligonucleotide primers that are complementary to the positive- and nega- 
tive-sense strands of the target DNA. The base sequence of the primers should 
correspond to those of regions of the HIV genome that are highly conserved in 
the many different HIV strains. Repeated denaturation, renaturation, and 
elongation of the primers will finally result in an exponential increase in the 
number of copies of the DNA region flanked by the primers. This amplified DNA 
sequence is then denatured and hybridized using a radioactively labelled HIV 
probe containing sequences that are complementary to those amplified. PCR has 
been reported to be sensitive enough to detect one DNA molecule in 100 000 
lymphocytes (equivalent to approximately 20 p1 of whole blood). PCR appears 
to be quite promising as an accurate assay for early diagnosis and possibly 
prognosis of HIV infection in infants born to HIV-infected mothers. 
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9.6 I UNAIDS I and WHO recommendations for the selection and use of HIV antibody tests (4) 
Recommendations for the selection and use of HIV antibody tests were first 
published by WHO in 1992 (5). Since then, new types of assays have been 
developed, including assays for the detection of HIV antibody in saliva and 
urine. However, the testing strategies described here should only be applied to 
tests using serum or plasma. 

To serve the needs of blood transfusion services, which use the vast majority of 
HIV antibody tests worldwide, increasingly sensitive HIV antibody assays have 
been developed in order to shorten the window phase (see page 87). Less 
sensitive, but highly specific, HIV antibody tests have been withdrawn from 
the commercial market. This is unfortunate as these tests were ideal as second- 
and third-line tests; their withdrawal has affected the implementation of the 
proposed WHO testing strategies for H N  antibody (see page 95). 

The selection of the most appropriate tests or combination of tests to use (i.e. 
the testing strategy) depends on three criteria: 

- the objective of the test 

- the sensitivity and specificity of the test(s) being used 

- the prevalence of HIV infection in the population being tested. 

Objmtives of HIV antibody testing 
There are three main objectives for which HIV antibody testing is performed: 

Transfusion, transplant or donation safety. Screening of blood and blood prod- 
ucts, and of serum from donors of tissues, organs, sperm or ova. 

Surveillance. Unlinked and anonymous testing of serum for the purpose of 
monitoring the prevalence of, and trends in, HIV infection over time in a 
given population. 

Diagnosis of HIV infection. Voluntary testing of serum from asymptomatic 
persons or from persons with clinical signs and symptoms suggestive of H1V 
infection or AIDS. 

i 
SeTsitivity and specificity of antibody tests (Table 9.3) 

Sensitivity and specificity are two major factors that determine the accuracy of 
a test in distinguishing between infected and uninfected persons. A test with a 
high sensitivity will have few false-negative results. Therefore, only tests of the 
highest possible sensitivity should be used when there is a need to minimize 
the rate of false-negative results (e.g. for transfusion, transplant or donation safe- 
ty). A test with a high specificity will have few false-positive results and should 
be used when there is a need to minimize the rate of false-positive results (e.g. 
for the diagnosis of HIV infection in an individual). Although the sensitivity 
and specificity of individual tests may vary, both should meet minimum stand- 
ards (99% and 95%, respectively). 

l 

~r+alence of HIV infection 
l 

The probability that a test will determine accurately the true infection status of 
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Table 9.3 
Sensitivity, specificity and predictive value of HIV serological tests 

True HIV Status: 

+ / ~ a ~ s e  positives 

Folse negatives 

a 
Sensitivity = a + c  

a 
Positive predictive value = a + 

Specificity = 
d  

b + d  
d  

Negative predictive value = c + 

WHO 95064 

a person being tested varies with the prevalence of HIV infection in the popu- 
lation from which the person comes. 

In general, the higher the prevalence of HIV infection in the population, the 
greater the probability that a person tested positive is truly infected (i.e. the 
greater the positive predictive value, PPV). Thus, with increasing prevalence, 
the proportion of serum samples testing false-positive decreases. Conversely, 
the likelihood that a person showing negative results is truly uninfected (i.e. 
the negative predictive value, NPV) decreases as the prevalence increases. 
Therefore, as the prevalence increases, so does the proportion of samples testing 
f alse-negative. 
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Quality assurance 
All laboratories that perform HIV tests should have a well functioning system 
of quality assurance. It is essential that quality assurance procedures be complied 
with so as to maximize the accuracy of the laboratory results. Procedures for de- 
tecting both technical and clerical errors must be included in all protocols. For 
example, procedures that guarantee the correct identification of initially reactive 
units of donated blood, which must be discarded, are essential to the maintenance 
of a safe blood supply. It is recommended that laboratories submit to an external 
assessment of quality assurance procedures at least once a year. 

Strategies for HIV antibody testing 
Several studies and field experience have shown that minor modifications are 
needed to the three testing strategies recommended by WHO in 1992. Both the 
selection of the assays and the order in which they are used are of utmost 
importance to the final outcome of the testing strategy. Although HIV antibody 
assays have become more sensitive, false-positive reactions may still occur in 
two assays based on a different principle. Therefore, if test combinations are 
not carefully selected, individuals may be wrongly diagnosed as HIV antibody- 
positive. Conversely, the more specific assays are often slightly less sensitive 
than other, less specific tests, which may result in a false-negative diagnosis. 
These observations have led to concern about two of the testing strategies (I1 
and 111) recommended in 1992. The choice of the most appropriate HIV anti- 
body tests also depends on the HIV variants present in a particular geographi- 
cal region. Accordingly, test combinations should always be evaluated in the 
context in which they will be used before being implemented on a wide scale. 

Studies have shown that combinations of ELISAs and / or rapid / simple assays 
such as dot immunoassays and agglutination tests can provide results as reli- 
able as, and in some cases more reliable than, the ELISA/ WE combination, and 
at much lower cost. At present, many countries use a selection of different HIV 
screening assays in order to minimize the number of confirmatory assays (see 
section 9.3). Confirmatory assays should only be used to resolve indeterminate 
results for diagnostic purposes. UNAIDS and WHO therefore recommend that 
countries should consider testing strategies for HIV antibody detection which 
use ELISA and /or rapid / simple assays instead of ELISA / WB. 

Recommendations 

Testing strategies 

UNAIDS and WHO recommend three testing strategies to maximize accuracy 
while minimizing cost. Which strategy is most appropriate will depend on the 
objectives of the test and the prevalence of HIV in the sample population, as 
shown in Table 9.4. 

Strategy I 

All serum (or plasma) is tested with one EiXSA or rapid/simple assay. Serum 
that is reactive is considered HIV antibody-positive. Serum that is non-reactive 
is considered HIV antibody-negative. 

When used for the purpose of assuring a safe blood supply, the test selected for 
this strategy should preferably be a highly sensitive assay for the detection of 
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Table 9.4 
UNAIDS and WHO recommendations for HIV testing strategies according to 
test objective and prevalence of infection in the sample population 

Objective of testing Prevalence of infection Testing strategy 

Transfusion, transplant or donation safety All prevalences I 

Surveillance > 10% I 
1 1 0 %  I I 

Diagnosis Clinical signs/symptoms > 30% I 
of HIV infectiona 1 3 0 %  I I 
Asymptomatic > 10% I I 

1 1 0 %  I l l  

B For further details, see reference 6. 

HIV-1 and HIV-2 antibodies. Units of donated blood yielding indeterminate test 
results (see page 97) must be discarded according to guidelines published by 
WHO (7), as must units found to be reactive. Strategy I is recommended for 
testing sera from donors, but should not be used as a basis for notdying donors 
of a positive test result. Strategy I can only be used to confirm a clinical diag- 
nosis in individuals with clinical signs that meet the WHO criteria for stages I11 
or W of HIV infection (6)  and when the prevalence of H N  infection in the sample 
population is above 30%. If a donor is to be notified of a test result, testing 
strategies 11 or I11 must be applied (see Table 9.4). Guidelines for counselling 
people regarding HIV testing, infection and disease have been published by 
WHO (8). Regardless of the final diagnosis, samples that are initially reactive 
should not be used for transfusion, transplants or donations. Several studies 
have shown that careful selection of donors is more effective than testing for 
H N  antigen in minimizing the risk of infections associated with blood transfu- 
sion, transplants or donations. 

The sensitivity of the test is less crucial for surveillance purposes. It is recom- 
mended that the same assay(s) be used over time to monitor fluctuations in HIV 
prevalence. 

Strategy II 

All serum (or plasma) is first tested with one ELISA or rapidlsimple assay. Any 
serum found reactive in the first assay is retested with a second ELISA or rapid/ 
simple assay based on a different antigen preparation and/or different test prin- 
ciple (e.g. indirect versus competitive). Serum that is reactive in both tests is 
considered HIV antibody-positive. Serum that is non-reactive in the first test is 
considered HIV antibody-negative. Any serum that is reactive in the first test 
but non-reactive in the second test should be retested in the two assays. If the 
results of the two assays remain discordant after retesting the serum is consid- 
ered to be indeterminate (see "Indeterminate test results" below for further 
details). 

The PPV is very low in tests in a population of low HIV prevalence, even with 
a test of high specificity. For this reason a supplementary test is necessary to 
enhance the PPV. All samples remaining discordant after retesting in the two 
assays are considered indeterminate; for surveillance purposes no further testing 
is needed. Indeterminate test results should be reported and analysed separately. 
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As in strategy 11, all serum (or plasma) is first tested with one ELISA or rapid/ 
simple assay, and any reactive samples are retested using a different assay. Serum 
that is non-reactive in the first test is considered HIV antibody-negative. Serum 
that is reactive in the first test but non-reactive in the second test should be 
retested using both assays. Strategy 111, however, requires a third test if serum 
is found reactive in the second assay or in the repeated first assay. The three 
tests in this strategy should be based on different antigen preparations andlor 
different test principles. Serum reactive in all three tests is considered HIV 
antibody-positive. Serum that remains discordant in the second assay, or is found 
reactive in the first and second assays but non-reactive in the third assay is 
considered to be indeterminate. Serum that is found reactive in the first assay 
and non-reactive in the second and third assays is considered to be indetermi- 
nate for individuals who may have been exposed to HIV in the past 3 months 
and negative for those who have not been exposed to any risk for HIV infection. 

When diagnosis is the objective, an additional blood sample should be obtained 
and tested from all people newly diagnosed as seropositive on the basis of their 
first sample. This will help preclude any laboratory or clerical errors. 

Indeterminate test results 

Serum from people with clinical signs that meet the WHO criteria for stages III 
or IV of HIV infection ( 6 )  may yield indeterminate results on testing due to a 
fall in antibody levels. In such cases the serum does not normally need to be 
retested. 

Serum from asymptomatic individuals being tested for the purpose of diagnosis 
should be retested if the results are indeterminate. A second blood sample should 
be obtained after a minimum of 2 weeks following the first sample and should 
be tested using the appropriate strategy. If the second serum sample also pro- 
duces an indeterminate result, it should be tested by a confirmatory assay (see 
section 9.3). However, if this result is also indeterminate, longer follow-up may 
be required (e.g. 3, 6 or 12 months). If the results remain indeterminate after 
1 year, the person is considered to be HIV antibody-negative. 

In the selection of HIV antibody tests for use in strategies I1 and 111, the first 
test should have the highest sensitivity, whereas the second and third tests should 
have higher specificities than the first. If over 5% of the initial test results are 
discordant or indeterminate, quality assurance procedures should be checked 
and / or a new combination of tests should be adopted. 

HIV antibody tests selected for bulk purchase 

A programme for the bulk purchase of HIV antibody test kits has been estab- 
lished by WHO in collaboration with UNAIDS in order to provide countries 
with tests giving the most accurate results at the lowest possible cost. A detailed 
list of such tests is updated annually. Guidelines on selecting tests for use with 
the strategies outlined in Table 9.4 are available from WHO1 and UNAIDS.2 

l Department of Blood Safety and Clin~cal Technology, World Health Organization, 1211 Geneva 27, Switzerland. 
Joint United Nations Programme on HIVIAIDS, 1211 Geneva 27, Switzerland. 
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Appropriate diagnostic tests for different 
levels of the laboratory system 

Gonorrhoea 

Laboratory level Clinical specimen Diagnostic test Comments 

Peripheral Male urethral Methylene blue, Leukocytes + intracellular 
safranin or Gram staining (Gram-negative) diplococci = 

gonorrhoea 
Leukocytes without intra- 
cellular diplococci = non- 
gonococcal urethritis 
No leukocytes = no evidence of 
infection 

Intermediate Male urethral, Gram staining 
ocular 

Female genital Culture Selective media only 
Presumptive identifi- Collect isolates for central 
cation: laboratory 
- Gram staining 
- oxidase test 

Central All body sites Culture Selective media only 
Definite identification: 
- Gram staining 
- oxidase test 
- carbohydrate degradation 
- chromogenic enzyme 

substrate tests or 
immunological assays 

For surveillance/epidemiology: 
- detection of PPNG/TRNGa PP-actamase/disc diffusion 
- antimicrobial susceptibility Minimal inhibitory concentration 

testing (agar dilution) 
B PPNG, penicillinase-producing Neisseria gonorrhoeae; TRNG, tetracycline-resistant N. gonorrhoeae. 

Chlamydia trachomatis infect ion 
Laboratory level Clinical specimen Diaonostic testa Comments 

Peripheral No appropriate test 
currentlv available 

Intermediate Ocular Giemsa staining 

Genital Rapid immunoassay Antigen detection 

Central Ocular and genital DFA Antigen detection 
ELISA 
Tissue culture 
DNA hybridization, polymerase 
chain reaction 

Serum Complement fixation For lymphogranuloma 
lmmunofluorescence venereum only 
ELISA -- . 

DFA, direct fluorescent antibody test; ELISA, enzyme-linked immunosorbent assay. 
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Syphilis 

Laboratow level Clinical suecimen Diaanostic testa Comments 

Peripheral Serum RPR, qualitative Mechanical rotation not essential 

lntermediate Serum RPR, qualitative and 
quantitative 
TPHA, qualitative 

Central Genital ulcer Dark-field microscopy Low sensitivity 
exudate 

Serum RPR, TPHA, FTA-Abs, 
qualitative and quantitative 
D FA 
IgM testing (immuno- Congenital syphilis 
fluorescence, haemadsorption, 
ELlSA or immunoblotting) 

Cerebrospinal VDRL Late syphilis 
fluid 

a RPR, rapid plasma reagin test: TPHA, Treponema pallidurn haemagglutination assay; FTA-Abs, fluorescent treponemal 
antibody absorption test; DFA, direct fluorescent antibody test; VDRL, Venereal Disease Research Laboratory test, 

Genital herpes 

Laboratory level Clinical specimen Diagnostic test Comments 

Peripheral No appropriate test 
currently available 

lntermediate No appropriate test 
currently available 

Central Lesion exudate Tissue culture 
Enzyme immunoassay 
lmmunofluorescence Antigen detection 
lmmunoperoxidase 
DNA hybridization 

Serum Anti-HSV-2 enzyme Antibody detection 
immunoassav 

Chancroid 

Laboratory level Clinical specimen Diagnostic test Comments 

Peripheral No appropriate test 
currentlv available 

Intermediate No appropriate test 
currently available 

Central Ulcer exudate Culture Use two media, 32-34 "C is 
Identification: optimal 
- Gram staining 
- p-lactamase production 
- oxidase test 
- porphyrin test 
Antimicrobial susceptibility Minimal inhibitory concentration 
testing (agar dilution) 



Granuloma inguinale 

Laboratow level Clinical soecimen Diaanostic tesP Comments 

Peripheral No appropriate test 
currently available 

lntermediate Tissue of lesion Giemsa, May-Grunwald- 
Giemsa, Wright, Leishman 
or RD staining 

Central level Tissue of lesion Giemsa, May-Grunwald- 
Giemsa, Wright, Leishman 
or RD staining 

Biopsy Histopathology 

a RD, rapid differentiation dipping-staining technique. 

Vaginitis 

Laboratory level Clinical specimen Diaanostic test Comments 

Peripheral Vaginal discharoe Wet-mount microscopy Trchomonas. Candida 

Intermediate Vaginal discharge Wet-mount microscopy Trchomonas, Candida 
pH, 10% potassium hydroxide pH > 4.5, amine odour and 

. .. Gram staining clue cells = bacterial vaginosis 

Central Vaginal discharge Wet-mount microscopy (and Trichomonas, Candida 
culture) 
pH, 10% potassium pH > 4.5, amine odour and 
hydroxide clue cells = bacterial vaginosis 
Gram staining 

Male urine Wet-mount microscopy Trichomonas 
sediment (and culture) 

Human papillomavirus (HPV) infection 

Laboratory level Clinical specimen Diagnostic test Comments 

Peripheral No appropriate test 
currently available 

Intermediate Cervical Papanicolaou Neoplasia 

Central Biopsy or cervical DNA hybridization, HPV typing 
exfoliated cells polymerase chain reaction 

Human immunodeficiency virus (HIV) infection 

Laboratory level Clinical specimen Diagnostic tesP Comments 

Peripheral Serum lmmunodot assay 

lntermediate Serum lmmunodot assay Follow appropriate strategies 
Particle agglutination assay for diagnosis or screening 
ELBA 

Central Serum ELBA Confirmatory approach 
Western blot HIV-1 and HIV-2 differentiation 
Line immunoassay Resolution of equivocal results 
Radioimmunoprecipitation Research 
Particle agglutination assay 

Blood (lymphocytes) Proviral DNA polymerase 
chain reaction 

a ELISA, enzyme-linked immunosorbent assay. 



Arnies transport medium 

Formula per litre: 

Charcoal, pharmaceutical grade 
Sodium chloride 
Disodium hydrogen phosphate 
Potassium dihydrogen phosphate 
Potassium chloride 
Sodium thioglycollate 
Calcium chloride 
Magnesium chloride 
Agar 
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Media, reagents and stains 

Suspend 20 g of the powder in 1 litre of distilled water. Bring to the boil to 
dissolve the agar completely. Distribute into small screw-capped tubes or bottles, 
stirring to keep the charcoal evenly suspended. Sterilize by autoclaving at 120 O C  

for 15 min. Cool immediately in cold water to keep the charcoal uniformly 
suspended. 

Pre-prepared media in plastic tubes are commercially available from several 
manufacturers. 

Buffered balanced salt indicator solution (BBS) 

Dipotassium hydrogen phosphate 
Potassium dihydrogen phosphate 
Potassium chloride 
Phenol red 
Distilled water to make 

The pH should be 7.1-7.2. Sterilize by filtration and store at 4 OC. 

Chlamydia cell growth medium 

Distilled water 600 m1 
Eagle's minimum essential medium 14.49 g 
Sodium bicarbonate (75 g/l) 7.5 m1 
L-Glutamine (200 mm01 / rnl) 10 m1 
Gentamicin (50 mg / ml) 1 m1 
Amphotericin B (40 mg/ml) l m l  
Fetal calf serum 100 m1 
N-(2-Hydroxyethy1)piperazine-N'-2-ethanesulfonic 
acid (HEPES) (1 m01 /l) 20 m1 

Make up to 1 litre with distilled water. The pH should be 7.4. Sterilize by filtra- 
tion and store at 4 'C, 

Chlamydia isolation medium 

Chlarnydia cell growth medium supplemented with: 

Glucose 
Cicloheximide 



Chocolate agar 

Chocolate agar consists of GC agar, haemoglobin and IsoVitaleX or CVA enrich- 
ment (listed below). 

GC agar base, formula per litre: 
Peptone 15 g 
Corn starch l g  
Dipotassium hydrogen phosphate 4 g 
Potassium dihydrogen phosphate l g  
Sodium chloride 5 g 
Agar 10 g 
Haemoglobin: a dried powder of bovine haemoglobin 
IsoVitaleX or CVA enrichment. 

To prepare 1 litre of medium, suspend 36 g of GC agar base in 500 m1 of 
distilled water, mix, and heat to boiling. Suspend separately 10 g of haemoglobin 
in 500 m1 of distilled water, mix, and heat to boiling. Autoclave and cool both 
solutions to 50-55 "C. Add the haemoglobin and 10 m1 of IsoVitaleX or CVA 
enrichment to the GC medium, mix, and pour into Petri dishes. 

Columbia blood agar 

Columbia blood agar consists of Columbia agar and 5% horse or sheep blood. 
There are two alternative formulae for Columbia agar: 

BBL, Becton Dickinson, formula per litre: 
Polypeptone peptone 
Biosate peptone 
Myosate peptone 
Corn starch 
Sodium chloride 
Agar 

Gibco, formula per litre: 
Pancreatic digest of casein 
Peptic digest of animal tissue 
Yeast extract 
Beef extract 
Corn starch 
Sodium chloride 
Agar 

To prepare 1 litre of agar, suspend 42.5 g of the BBL formula or 44 g of the Gibco 
formula in 950 m1 of distilled water, mix, and heat to boiling. Autoclave, then 
cool to 50-55 "C. Add 50 m1 of horse or sheep blood, mix, and pour into Petri 
dishes. 

Columbia agar can also be used to prepare chocolate agar. After autoclaving, 
cool the medium to 80 "C. Add 5% blood, mix, and immediately cool further to 
50 "C. Add 10 m1 of IsoVitaleX or CVA enrichment per litre, mix, and pour into 
Petri dishes. 

Diagnostic sensitivity test (DST) agar, 5% lysed horse blood, and 1% Kellogg's 
supplement 

DST agar, formula per litre: 
Proteose peptone 
Veal infusion solids 
Glucose 
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Sodium chloride 
Disodium hydrogen phosphate 
Sodium acetate 
Adenine sulfate 
Guanine hydrochloride 
Uracil 
Xanthine 
Aneurine 
Agar No. 1 
Horse blood, lysed by freezing and thawing 
Kellogg's supplement. 

To prepare 1 litre, suspend 40 g of DST agar in 950 m1 of distilled water, mix 
and boil. Autoclave, then cool to 50-55 "C. Add 50 ml of lysed horse blood and 
10 m1 of Kellogg's supplement. Mix and pour into Petri dishes. 

Diamond medium 

Formula per litre: 

Trypticase 
Yeast extract 
Maltose 
L-Cysteine hydrochloride 
L-Ascorbic acid 
Dipotassium hydrogen phosphate 
Potassium dihydrogen phosphate 
Agar 

Suspend and dissolve 38 g of the powder in 900 m1 of distilled water. After auto- 
claving, cool the medium to 50 "C and add 100 ml of sheep or bovine serum 
and 0.1 g/l  chloramphenicol. 

Enriched GC agar 

Enriched GC agar for Haemophilus ducreyi culture consists of: 

GC agar base (see Chocolate agar) 
1% Bovine haemoglobin 
1% IsoVitaleX or CVA enrichment (listed below) 
5% Fetal calf serum 
Vancomycin 3 mg / l. 

To prepare 1 litre of medium, dissolve 36 g of GC agar base in 450 ml of dis- 
tilled water, mix and heat to boiling. Dissolve separately 10 g of haemoglobin 
in 500 m1 of distilled water, mix and heat to boiling. Autoclave both media and 
cool to 50-55 'C. Add 10 m1 of IsoVitaleX or CVA enrichment, 3 m1 of a 1 g/l  
vancomycin solution, and 50 ml of fetal calf serum to the GC base. Mix, and 
finally pour the haemoglobin solution into the GC medium. Mix and pour into 
Petri dishes. 

Enriched Mueller-Hinton chocolate agar 

Enriched Mueller-Hinton (MH) medium for Haemophilus ducreyi culture comists of: 

MH agar 
5% Horse blood 
1% IsoVitaleX or CVA enrichment 
5% Fetal calf serum 
Vancomycin 3 mg / l. 
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To prepare 1 litre, dissolve 38 g of MH agar in 900 m1 of distilled water, mix 
and heat to boiling. Autoclave, then cool in a water-bath to 80 "C. Add 50 m1 of 
horse blood. Mix and immediately cool to 50-55 "C. Add 10 m1 of IsoVitaleX or 
CVA enrichment, 3 m1 of a 1 g/ l  vancomycin solution, and 50 m1 of fetal calf 
serum. Mix and pour into Petri dishes. 

Feinberg medium (modified) 

Formula per litre: 

Liver digest 
Glucose 
Sodium chloride 
Agar 

Suspend and dissolve 37.5 g of the powder in 920 m1 of distilled water. After 
autoclaving and cooling to 50-55 "C, add 8% horse serum and 0.1 g / l  chloram- 
phenicol. 

Petal calf serum-rabbit blood bilayer agar 

The medium consists of two layers of Columbia CNA agar, the basal layer 
enriched with 7% fetal calf serum, and the top layer enriched with 7% fetal calf 
serum and 5% rabbit blood. 

Columbia CNA agar, formula per litre: 

Pancreatic digest of casein 
Peptic digest of animal tissue 
Yeast extract 
Beef extract 
Corn starch 
Sodium chloride 
Agar 
Colistin 
Nalidixic acid 

Dissolve 42.5 g of Columbia CNA agar powder in 1 litre of distilled water, mix, 
and heat to boiling. Pour one-third of the volume into one bottle and two-thirds 
into another. Autoclave both bottles at 120 "C for 15 min and cool to 50 "C. Add 
7% fetal calf serum to the bottle containing one-third of the volume. Mix and 
pour 7-m1 aliquots into Petri dishes. After this basal layer has solidified, add 
7% fetal calf serum and 5% rabbit blood to the second medium bottle, mix and 
pour 14-m1 aliquots over the basal layer. 

Formaldehyde saline fixative 

Formaldehyde, 37% solution 
Sodium chloride, 0.85% solution 

Neutralize commercial formaldehyde solution to pH 7.0 by adding a few drops 
of 5 g / l  sodium carbonate solution. Check whether neutralization has occurred 
by testing with pH indicator paper. Mix 10 m1 of the formaldehyde solution with 
90 m1 of sodium chloride solution. 

GC agar base 

See Chocolate agar. 
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Giemsa 

Stain: 

Dissolve 0.5 g of Giemsa powder in 33 ml of acetone-free pure methanol. Mix 
and store at room temperature. Prepare a working dilution by adding 1 m1 of 
this stock solution to 40 m1 of diluent. 

Diluent: 

Prepare a 67 rnmolll phosphate buffer, pH 7.2, as follows. Mix 72 m1 of a solu- 
tion containing 9.5 g of clisodium hydrogen phosphate per litre with 28 m1 of a 
solution containing 9.2 g of sodium dihydrogen phosphate per litre. Add 900 m1 
of distilled water. 

Gram stain reagents 

Crystal violet: 

Solution A 
- crystal violet powder 
- ethanol 
Solution B 
- ammonium oxalate 
- distilled water 

Mix solutions A and B and filter. 

Iodine: 

Resublimed iodine 20 g 
1 moll1 sodium hydroxide solution 100 m1 
(= 4 g of sodium hydroxide per 100 m1 of distilled water) 

Add 900 ml of distilled water. 

Acetone-ethanol: 

Acetone 
Ethanol 

Other acetone-ethanol ratios may be used (e.g. 1:4,1:2/ 1:l). Note that the higher 
the acetone content the more rapidly bacteria will be decolorized. 

Safranin: 

Stock solution 
- safranin 
- ethanol 
Working solution 
- stock solution 
- distilled water 

Fuchsin (for Gram, not for Ziehl-Neelsen) 

Basic fuchsin 
Ethanol 

Allow to stand at room temperature for 24 hours. Filter and add 900 m1 of dis- 
tilled water. 



H (hominis) agar 

Basic agar, formula per litre: 

Papaic digest of soy meal 
Sodium chloride 
Phenol red, 2% solution 
Distilled water 
Agarose 

Adjust the pH to 7.3 with 1 moll1 sodium hydroxide before adding agarose. 
Mix the complete basic agar and heat to boiling. Autoclave aliquots of 70 m1 
separately and cool to 50-55 "C. Add 10 m1 of yeast dialysate, 20 m1 of horse 
serum, and 50 000 IU of penicillin to each aliquot and pour into Petri dishes. 

H (hominis) broth 

Basic broth formula, per litre: 

Papaic digest of soy meal 
Sodium chloride 
Phenol red, 2% solution 
Distilled water 

Dissolve the ingredients in distilled water and adjust the pH to 7.3 with 1 moll1 
sodium hydroxide. Dispense 70-m1 aliquots into bottles and autoclave at 120 'C 
for 15 min. After cooling, add 10 m1 of yeast dialysate, 20 m1 of horse serum, 
50 000 IU of penicillin and 2 m1 of 1 moll1 arginine to each aliquot and pour 
into small tubes. 

Herpes cell growth medium 

This medium is suitable for the growth of human diploid and animal kidney 
cells and consists of Eagle's basal medium (EBM), supplemented with fetal calf 
serum, HEPES, gentamicin and amphotericin B. 

Formula, per litre: 

EBM 
Fetal calf serum 
HEPES 
Gentamicin 
Amphotericin B 

Herpes cell maintenance medium 

Similar to Herpes cell growth medium, but containing only 2% fetal calf serum. 

Human blood Columbia agar 

This medium consists of Columbia CNA agar (see Fetal calf serum-rabbit blood 
bilayer agar) enriched with 5% human blood and 5% fetal calf serum. 

Human blood-Ween bilayer agar (HBT) 

The basic medium is Columbia CNA agar (see Fetal calf serum-rabbit blood 
bilayer agar), supplemented with 1% proteose peptone No. 3. Aseptically add 
2 mg/l amphotericin B and 0.0075% Tween 80 or equivalent to one medium bot- 
tle, pour 7-m1 aliquots into Petri dishes and allow to solidify. Add 2 mg/l am- 
photericin B, 0.0075% Tween 80 or equivalent and 5% human blood to a second 
medium bottle. Mix and pour 14-m1 aliquots over the basal layer in the Petri 
dishes. 
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Iodine 5% 

Dissolve 15 g of potassium iodide in 50 m1 of ethanol. Dissolve 5 g of resublimed 
iodine in the potassium iodide solution. Add 50 m1 of distilled water. Filter and 
dispense into brown-coloured bottles. 

Iodine-glycerol mounting fluid 

The mounting fluid is a 50:50 mixture of glycerol and 5% iodine solution. 

IsoVitaleX or CVA enrichment 

Formula per 10 ml, when reconstituted: 

Diphosphopyridine nucleotide (coenzyme I) 
Cocarboxylase 
p-Aminobenzoic acid 
Thiamine hydrochloride 
Vitamin B,, 
L-Glutamine 
L-Cystine dihydrochloride 
L-Cysteine hydrochloride dihydrate 
Adenine 
Guanine hydrochloride 
Iron (m) nitrate nonahydrate 
Glucose 

Jembec medium (Gibco) 

This is a pre-prepared transport medium containing modified Thayer-Martin 
medium, supplemented with 0.25% glucose. It is supplied on a large plastic slide 
together with a tablet that produces carbon dioxide, to be placed in an appro- 
priate well, and a special plastic bag. After inoculation of the clinical specimen, 
the plate should be sealed in the plastic bag and transported to the laboratory. 

Kellogg's supplement 

Formula per 100 ml: 

Glucose 
L-Glutamine 
Iron (111) nitrate (5 g/ l  solution) 
Distilled water to make 

Autoclave for 10 min at 120 "C and cool to 50 OC. Add 1 rnl of sterile 20% cocar- 
boxylase solution. If stored at 4 OC, the supplement remains stable for several 
months. 

Kupferberg medium 

Formula per litre: 

Tryptose (or trypticase) 
Maltose 
L-Cysteine hydrochloride 
Agar 
Methylene blue 
Chloramphenicol 
Yeast extract 

Suspend 23.7 g of the powder in 950 m1 of distilled water, autoclave and cool to 
50-55 "C, Add 50 m1 of serum (bovine, human, sheep, rabbit or horse), 1 000 000 
IU of penicillin and 150 mg of streptomycin. 



Leishman stain 

Stock solution: Leishman powder 
Methanol 

Working solution: Stock solution 
Buffered water 

1.5 g 
1000 m1 

1 part 
2 parts 

Add Leishrnan powder to the methanol and mix well, using a few glass beads. 
Allow the stock solution to stand at room temperature for 24 hours. Prepare a 
fresh daily working solution by diluting 1 part of stock solution in 2 parts of 
distilled water, buffered with 3.76 g/litre of disodium hydrogen phosphate and 
2.10 g/litre of potassium dihydrogen phosphate, pH 7.0-7.2. Store in a tightly 
closed bottle to prevent moisture entering the stock solution. 

Modified Thayer-Martin (MTM) medium 

This medium consists of GC agar base (see Chocolate agar), enriched with 1% 
haemoglobin and 1% IsoVitaleX or CVA. Prepare as chocolate agar and supple- 
ment with selective antimicrobial mixtures: VCAT (vancomycin, colistin, amphot- 
ericin B or anisomycin, trimethoprim lactate), VCNT (vancomycin, colistin, nys- 
tatin, trimethoprim lactate) or LCAT (lincomycin, colistin, amphotericin B or 
anisomycin, trimethoprim lactate). These mixtures are commercially available 
from several manufacturers as freeze-dried products in vials. After reconstitu- 
tion, the volumes obtained are appropriate for 500 m1 or 1000 m1 of medium, 
giving final concentrations per litre of (depending on formula): 

- 2.0-4.0 mg of vancomycin, or 1 mg of lincomycin 
- 300 000 IU to 7.5 mg of colistin 
- 12.5 IU of nystatin, 20.0 mg of anisomycin, or 1.0 mg of amphotericin B 
- 3.0-6.5 mg of trimethoprim. 

Mueller-Hinton agar with haemoglobin, fetal calf serum and HD supplement 

Mueller-Hinton agar, formula per litre: 
Beef extract 
Acid hydrolysate of casein 
Starch 
Agar 
1 % bovine haemoglobin 
5% fetal calf serum 
1% HD supplement (containing 10 g of glucose, 1 g of L-glutamine, and 
2.5 g of L-cysteine hydrochloride per 100 m1 of distilled water). 

Dissolve 38 g of Mueller-Hinton agar in 500 m1 of distilled water. Dissolve 
separately 10 g of haemoglobin powder in 440 m1 of distilled water. Autoclave 
both media and cool to 50-55 "C. Add 50 m1 of fetal calf serum and 10 m1 of 
HD supplement to the Mueller-Hinton medium and mix. Add the haemoglobin 
suspension. Mix and pour into Petri dishes. 

Mueller-Hinton broth 

Formula per litre: 

Beef extract 
Acid digest of casein 
Soluble starch 

Suspend 21 g of dehydrated medium in 1000 m1 of distilled water. Mix and 
dispense in 2-m1 aliquots into small tubes. Autoclave. 
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New York City (NYC) agar 

This agar consists of GC agar base (see Chocolate agar), supplemented with laked 
horse blood, yeast autolysate and VCAT inhibitor. 

GC agar 
Laked horse blood: lysed by freezing and thawing, or by addition of 5 m111 
of saponin to the GC medium 
Yeast autolysate: vials for the preparation of 500 m1 of NYC agar contain: 

Yeast autolysate 5.0 g 
Glucose 0.5 g 
Sodium bicarbonate 0.075 g 

VCAT inhibitor (see Modified Thayer-Martin medium) 

ro prepare 500 ml, suspend 18 g of GC agar base in 430 m1 of distilled water, 
mix and boil. Autoclave and cool to 50-55 "C. Add 50 m1 of laked horse blood, 
yeast autolysate and VCAT inhibitor. Mix and pour into Petri dishes. 

Phosphate-buffered saline (PBS) 

Formula per litre: 

Sodium chloride 
Potassium chloride 
Disodium hydrogen phosphate 
Potassium dihydrogen phosphate 
Distilled water to make 

The pH should be 7.3. PBS is also commercially available from several manu- 
facturers in pre-prepared powder form or tablets. 

Sabouraud dextrose agar 

Formula per litre: 

Peptone (casein digest) 
Glucose 
Chloramphenicol 
Agar 

To prepare 1 litre, dissolve 65.5 g of the powder in 1000 m1 of distilled water, 
mix, and heat to boiling. After cooling to 50 'C, pour into Petri dishes. 

Skim milk 

Fresh sterile skim milk can be used. Skim milk is also available from several 
manufacturers as dried milk powder. Suspend 100 g in 1 litre of distilled water 
and sterilize by autoclaving for 15 min at 112-115 OC. Avoid overheating as 
caramelization will occur. 

Stuart transport medium 

Formula per litre: (the precise formula depends on the manufacturer) 

Sodium thioglycolate 
Sodium glycerophosphate 
Calcium chloride 
Methylene blue 
L-Cysteine hydrochloride 
Agar 
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Dissolve the appropriate quantity in distilled water. Mix and boil. Dispense into 
screw-capped bottles or tubes. Autoclave at 120 OC for 15 min. A blue colour 
change in stored media indicates that they are aerated and unfit for use. The 
air present can be removed by resteaming with the screw cap loosened. 

Pre-prepared media in plastic tubes are commercially available from several 
manufacturers. 

Sucrose phosphate transport medium 

Base, formula per litre: 
Dipotassium hydrogen phosphate 
Potassium dihydrogen phosphate 
Sucrose 
Distilled water to make 

The pH should be 7.2. Sterilize by filtration and add supplements aseptically to 
90-m1 aliquots. 

Supplements: 
Fetal calf serum 
Gentamicin 
Vancomycin 
Amphotericin B 

Sucrose-phosphate-glutamate storage medium (SPG) 

Formula per litre: 

Sucrose 
Potassium dihydrogen phosphate 
Disodium hydrogen phosphate 
Glutamic acid 
Distilled water to make 

The pH should be 7.5. Autoclave or sterilize by filtration. 

Tetramethyl-p-phenylenediamine hydrochloride 

Stock solution: Tetramethyl-p-phenylenediamine hydrochloride l g 
Ethanol 100 m1 

Working solution: Stock solution 1 m1 
Distilled water 2 m l  

Prepare a fresh working solution daily. Freshly prepared solution is colourless 
or very light purple. It slowly oxidizes in air, becoming more purple. After a 
few hours it is completely oxidized and is then unusable. 

Transgrow medium (Difco) 

A ready-to-use medium is available in small bottles, which provide an increased 
surface area for direct inoculation of clinical specimens. The bottles should be 
stored at 4 'C in an upright position to avoid loss of carbon dioxide. Prior to 
use, bring the bottles to room temperature. Holding the bottle upright, unscrew 
the cap, inoculate the agar surface, replace the cap and tighten securely. When- 
ever possible, the inoculated medium should be preincubated for 16-18 hours 
at 35-36 "C before shipment to the laboratory. 

Formula per litre: 

GC agar base 
Haemoglobin 
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Glucose 
VCNT inhibitor 
Supplement B 

Supplement B consists of yeast extract, L-glutamine, coenzyme I, cocarboxylase 
and additional growth factors. 

Tryptic soy broth (TSB) 

Formula per litre: 

Acid digest of casein 
Soya peptone 
Sodium chloride 
Dipotassium hydrogen phosphate 
Glucose 

Suspend 30 g of the powder in 1 litre of distilled water. Mix well and dispense 
2-ml aliquots into small tubes. Autoclave. 

Viral transport medium 

The medium consists of Hanks balanced salt solution (HBSS), supplemented with 
amphotericin B, bovine serum albumin and gentamicin. 

HBSS, formula per litre: 
Sodium chloride 
Potassium chloride 
Magnesium sulfate heptahydrate 
Disodium hydrogen phosphate 
Potassium dihydrogen phosphate 
Calcium chloride dihydrate 
Sodium bicarbonate 
Magnesium chloride hexahydrate 
Glucose 
Phenol red 

To prepare 1 litre of medium, dissolve 10.3 g of powder in 1 litre of distilled 
water. Add 5 mg of amphotericin B, 100 ml of 10% bovine serum albumin in 
distilled water and 50 mg of gentamicin. Mix and adjust the pH to 7.3 with 
sodium bicarbonate, 7.5% solution. 

Warthin-Starry silver impregnation reagent 

The reagent consists of: 

Silver nitrate crystals 
Acidulated water 

Acidulated water is prepared by adding 1% citric acid solution to distilled 
water until the pH is 4.0. 
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Laboratory supplies 

Gonorrhoea 
Diagnosis 

It is generally recommended that the reagents and media used in the labora- 
tory diagnosis of sexually transmitted diseases should, if practicable, be pre- 
pared as required. The exceptions are ready-to-use products that are obtained 
from manufacturers of diagnostic test kits. The list given in this annex there- 
fore includes all the basic products needed to prepare the essential reagents and 
media. 

A. Equipment 

Balance (0.01 g) 
Bench autoclave 
Binocular microscope 
Deep-freezer (-25 "C, minimum 20 litres) 
Gas burner (or spirit lamp) 
Incubator (36 "C) and candle jars (or carbon dioxide incubator) 
Interval timers (2) 
Magnetic stirrer, heating plate and magnetic stirrer bars 
Membrane filtration device 
pH meter 
Refrigerator (4 "C, minimum 120 litres) 
Vortex mixer 
Water-bath (37 "C) 
Water-bath (55 "C) 

B. Materials and glassware 

Bacteriological loops (1 and 3 mm diameter) 
Boiling flasks, flat-bottomed (1,2 and 3 litres) 
Candles (for candle jars) 
Cryovials 
Glass bottles (heat-resistant) or Erlenmeyer flasks with screw cap (250 and 500 ml) 
Graduated pipettes (1,2,5 and 10 ml) 
Measuring cylinders (50,100,200,500 and 1000 ml) 
Measuring glasses (50,100,500 and 1000 ml) 
Membrane filters (0.22 pm) 
Microscope slides 
Nylon brushes (for cleaning glassware) 
Pasteur pipettes (or disposable plastic pipettes with bulb) 
Petri dishes 
pH indicator strips (pH range 5.5-9.0) 
Pipette tips 
Polyvinyl chloride (PVC) jerrycans or containers with tap (5 and 10 litres) 
Racks for cryovials 
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Reagent bottles with screw cap (50,100,200,500 and 1000 ml) 
Reagent bottles with stopper (100 ml) 
Rubber bulbs for pipettes 
Scissors 
Specimen-sampling swabs for females 
Specimen-sampling swabs for males 
Spoons (spatula) 
Staining tray 
Sterile cotton swabs 
Test-tubes with stopper (10 X 70 mm) 
Test-tubes with stopper (10 X 160 mm) 
Test-tube racks (diameter 11 mm) 
Tweezers 

C. Products, reagents and media 

Amies or Stuart transport medium 
Antibiotic discs: ceftriaxone (30 pg), penicillin (10 IU), spectinomycin (100 pg) 

and tetracycline (30 pg) 
Barium chloride 
Benzylpenicillin (buffer-free) 
Bovine haemoglobin 
Bromcresol purple 
Columbia agar 
Dipotassium hydrogen phosphate 
Disodium hydrogen phosphate 
Distilled water 
Enrichment for GC agar (e.g. IsoVitaleX, CVA) 
Ethanol 
Fast blue BB solution 
Filter-paper strips (Whatman No. 1 or equivalent) 
GC agar 
Glucose 
N-y-glutamyl-Pnaphthylamide 
Growth or nuttitive transport medium 
Horse blood 
L-hy dxoxyproline-P-naphthylamide 
Immersion oil 
Inhibitor for GC agar (e.g. VCAT, VCNT, LCAT) 
Iodine solution 
Lactose 
Maltose 
0-nitrophenyl-P-D-galactopyranoside 
Nutrient broth 
Oxidase strips (discs) or tetramethyl-p-phenylenediamine hydrochloride 
Phenol red 
Potassium chloride 
Potassium dihydrogen phosphate 
Potassium iodide 
Proteose peptone No. 3 
Reagents for Gram staining ready for use or: acetone, ammonium oxalate, crystal 

violet, ethanol, fuchsin, methylene blue, resublimed iodine, safranin and 
sodium hydroxide 

Reagent or discs for P-lactamase 
Sodium chloride 
Sucrose 



Sulfuric acid 
Yeast autolysate 

Sdditional specific supplies for MIC determinations of Neisseria gonorrhoeae and mainte- 
lance of isolates 

A. Equipment 

Balance (0.0001 g) 
Carbon dioxide incubator 
Deep-freezer (-70 "C, minimum 20 litres) or liquid nitrogen system 
Multipoint replicator with accessory 
Water-bath (55 "C) 

B. Materials and glassware 

Bottles with screw cap (20,50,100,250 and 500 ml) 
Disposable filter holders and membrane filters (0.22 pm) 

C. Products, reagents and media 

Antibiotics (crystalline form): benzylpenicillin, a fluoroquinolone (e.g. cipro- 
floxacin), kanamycin sulfate, a p-lactamase-resistant cefalosporin (e.g. ceftri- 
axone), spectinomycin hydrochloride, sulfamethoxazole, tetracycline hydro- 
chloride, trimethoprim and thiamphenicol or chloramphenicol 

Diagnostic sensitivity test agar, sterile horse Mood and products for Kellogg's 
supplement: cocarboxylase, glucose, L-glutamine and iron (111) nitrate (essen- 
tial for susceptibility testing of sulfonamides only) 

Hydrogen chloride 
Methanol 
Mueller-Hinton broth or tryptic soy broth 
Phosphate-buffered saline 
Skim milk 
Sodium hydroxide 
WHO gonococcal reference strains A, B, C, D and E and ATCC 49226 

1 2.  Ghlamydia trachomatis infest i on 
Culture 

A. Equipment 

Balance (0.01 g) 
Balance (0.0001 g) 
Bench autoclave 
Binocular microscope 
Centrifuge (3000g) 
Deep-freezer (-25 "C, minimum 20 litres) 
Deep-freezer (-70 "C, minimum 150 litres) or liquid nitrogen system 
Fluorescence microscope 
Gas burner (or spirit lamp) 
Incubators (36 "C) (1 or 2) 
Interval timers (2) 
Inverted (stereoscopic) microscope 
Larninar air-flow cabinet 
Magnetic stirrer and magnetic stirrer bars 
Membrane filtration device 
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pH meter 
Refrigerator (4 "C, minimum 120 litres) 
Vacuum device with bottles and tubing 
Vortex mixer 
Water-bath (37 "C) 
Water distillation apparatus 

B. Materials and glassware 

Absorbent paper 
Beakers (100,200,500 and 1000 ml) 
Bottles with screw cap (100,250,500 and l000 ml) 
Blood counting chamber 
Coverslips (13 mm diameter) 
Cryovials 
Forceps 
Funnels 
Graduated pipettes (1,2,5 and 10 rnl) 
Graduated tubes with screw cap (5,20 and 50 ml) 
Measuring cylinders (100,200,500 and 1000 ml) 
Measuring glasses (100,250 and 500 ml) 
Membrane filters (0.22 pm) 
Microscope slides 
Non-toxic specimen-sampling swabs or cytobrushes for females 
Nylon brushes 
Pasteur pipettes (or disposable plastic pipettes with bulb) 
pH indicator strips (pH range 5.0-8.0) 
Pipette tips 
Racks for cryovials 
Racks for vials (diameter 17 mm) 
Reagent bottles with screw cap (10,20 and 50 ml) 
Rubber bulbs for pipettes 
Scissors 
Small vials, flat-bottomed (diameter 15 mm) 
Spoons (spatula) 
Syringes (10 or 20 ml) and needles (16-gauge; 1.4mm) 
Thin non-toxic specimen-sampling swabs for males 
Tissue culture flasks (250 ml) 
Tweezers 

C. Products, reagents and media 

Acetone 
Amphotericin B 
Cicloheximide 
Dipotassium hydrogen phosphate 
Disodium hydrogen phosphate 
Distilled water 
Eagle's minimum essential medium (EMEM) 
Earle salts 
Ethanol 
Fetal calf serum 
Fluorescein-labelled monoclonal antibodies against C. trachomatis 
Gentamicin 
Giemsa powder 
Glucose 



Glutamic acid 
L-glutamine 
Glycerol 
HEPES (N-(2-hydroxyethy1)piperazine-N'-2-ethanesulfoc acid) 
McCoy cells 
Methanol 
Phosphate-buffered saline 
Potassium chloride 
Potassium dihydrogen phosphate 
Potassium iodide 
Resublimed iodine 
Sodium bicarbonate 
Sodium chloride 
Sodium dihydrogen phosphate 
Streptavidin-horseradish peroxidase conjugate 
Sucrose 
Trypsin 
Vancomycin 

~ d i i t i o n a l  specific supplies for C. trachomatis direct antigen detection and serology 

II 1 
A. Direct immunofluorescence test 

l 

8 8 

~ 

3. syphilis 
Microscopy 

l I 

Automatic micropipette (25-100 pl) 
Coverslips (20 X 60 mm, 25 X 60 mm) 
Fluorescence microscope 
Moist chambers (large glass Petri dishes) (15 mm diameter) 
Pipette tips 
Specimen collection kit 
Test kit containing buffer, control slides, fluorescein-labelled conjugate and 

mounting medium 

B. Direct antigen ELBA 

Automatic micropipettes (25-1000 @) 
ELISA reader for microtitre plates or tubes 
ELISA washer for microtitre plates or tubes 
Graduated pipettes (1,5 and 10 ml) 
Microtitre plates 
Pipette tips 
Rack for specimetts 
Reagent beakers, bottles or Erlenmeyer flasks (100 and 250 ml) 
Reagent troughs 
Specimen collection kit 
Sulfuric acid 
Test kit 
Vortex mixer 
Water-bath (37 "C) or dry microtitre plate incubator 

A. Equipment 

Binocular microscope with dark-field condenser 
Fluorescence microscope 
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B. Materials and glassware 

Bacteriological loops or thin stainless steel spatula 
Coverslips (20 X 20 mm) 
Gauze 
Microscope slides 
PTFE-coated microscope slides (single-well) 

C. Products and reagents 

Acetone 
Fluorescein-labelled conjugate 
Glycerol 
Immersion oil 
Methanol 
Phosphate-buffered saline 
Sodium chloride 

Serology (FTA-Abs, RPR and TPHA) 
A. Equipment 

Card test rotator 
Centrifuge (1500g) 
Fluorescence microscope 
Incubator (36 "C) 
Interval timer 
Magnetic stirrer and magnetic stirrer bars 
Refrigerator (4 "C, minimum 120 litres) 
Vortex mixer 
Water-bath (56 "C) 

B. Materials and glassware 

Absorbent (filter) paper 
Automatic micropipettes (25-100 pl) 
Coverslips (25 X 60 mm) 
Graduated pipettes (2, 5 and 10 ml) 
Microtitre plates (96 wells, U-shaped) 
Moist chamber (glass Petri dish) 
Multichannel micropipette (8 channels, 25-100 p1) 
Needles and syringes for blood collection (or a vacuum collection system) 
Pipette tips 
PTFE-coated microscope slides (8-mm wells) 
Racks for serum specimens 
Reagent bottles (15-30 ml) 
Slide carrier and staining tray 
Test-tubes with screw cap (20-30 ml) 

C. Products and reagents 

Distilled water 
Glycerol 
Phosphate-buffered saline 
Sodium chloride 
Test kits 



4. Fenital I herpes 
A. Equipment 

Balance (0.01 g) 
Balance (0.0001 g) 
Bench autoclave 
Carbon dioxide incubator 
Centrifuge 
Deep-freezer (-25 "C, 20 litres) 
Deep-freezer (-70 "C) or liquid nitrogen system 
Fluorescence microscope 
Incubators (36 "C) (1 or 2) 
Inverted (stereoscopic) microscope 
Laminar air-flow cabinet 
Light microscope 
Magnetic stirrer 
Membrane filtration device 
pH meter 
Refrigerator (4 "C, minimum 120 litres) 
Vortex mixer 
Water-bath (36 "C) 

B. Materials and glassware 

Blood counting chamber 
Bottles with screw cap (250 and 500 ml) 
Cryovials 
Disposable plastic pipettes with bulb 
Graduated pipettes (1,5 and 10 ml) 
Graduated tubes with screw caps (10 and 50 ml) 
Measuring cylinders (100,250 and 500 rnl) 
Moist chamber (glass Petri dish) 
Non-toxic cotton or PET specimen-sampling swabs 
Pipette tips 
PTFE-coated microscope slides 
Racks for cryovials 
Scissors 
Tissue culture flasks 
Tissue culture tubes and appropriate racks 
Tuberculin syringes and needles (25-gauge; 0.5-mm) 
Tweezers 

C. Products, reagents and media 

Acetone 
Amphotericin B 
Bovine serum albumin 
Diaminobenzidine 
Distilled water 
Eagle's basal medium (EBM) 
Earle salts 
Fetal calf serum 
Gentamicin 
L-Glutamine 
Glycerol 
HEPES (N-(2-hydroxyethyl)piperazine-N'-2-ethanesulfonic acid) 
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Horseradish peroxidase-labelled anti-mouse or anti-rabbit globulin 
HSV-1 fluorescein-labelled monoclonal antibody 
HSV-2 fluorescein-labelled monoclonal antibody 
HSV polyclonal antibody 
Human diploid, animal kidney or Vero cells 
IF counterstain (Evans blue) 
Products for the preparation of Hanks balanced salt solution used in viral trans- 

port medium: calcium chloride dihydrate, disodium hydrogen phosphate, 
glucose, magnesium chloride hexahydrate, magnesium sulfate heptahydrate, 
phenol red, potassium chloride, potassium dihydrogen phosphate, sodium 
bicarbonate, sodium chloride 

Streptavidin-horseradish peroxidase conjugate 
Trypsin 

5. Chancroid 
A. Equipment 

Balance (0.01 g) 
Balance (0.0001 g) 
Bench autoclave 
Binocular microscope 
Centrifuge (2000g) 
Deep-freezer (-25 "C, minimum 20 litres) 
Deep-freezer (-70 "C, minimum 150 litres) (essential for antimicrobial sensitivity 

tests) 
Gas burner (or spirit lamp) 
Incubator (33 "C) and candle jars (or carbon dioxide incubator) 
Interval timers (2) 
Magnetic stirrer, heating plate and magnetic stirrer bars 
Multipoint replicator with accessory 
Refrigerator (4 'C, minimum 120 litres) 
Vortex mixer 
Water-bath (50-55 "C) 
Water-bath (80 "C) 
Water distillation apparatus 
Wood's lamp (360 nm) 

B. Materials and glassware 

Bacteriological loops (1 and 3 mm) 
Beakers (50,100,200 and 500 ml) 
Boiling flasks, flat-bottomed (1,2 and 3 litres) 
Bottles with screw cap (20,50,100,250 and 500 ml) 
Candles (for candle jars) or carbon dioxide gas packs 
Cryovials 
Disposable filter holders and membrane filters (0.22 pm) 
Funnels (2) 
Glass bottles (heat-resistant) or Erlenmeyer flasks with screw cap (250 and 500 ml) 
Graduated pipettes (1,2,5 and 10 ml) 
Measuring cylinders (50,100,250,500 and 1000 ml) 
Microscope slides 
Non-toxic cotton or PET specimen-sampling swabs 
Nylon brushes 
Pasteur pipettes and rubber bulbs or disposable plastic pipettes with bulb 



Petri dishes 
pH indicator strips (pH range 5.0-8.0) 
Pipette tips 
PVC jerrycans or containers with tap (5 and 10 litres) 
Racks for cryovials 
Reagent bottles with dropper (100 ml) 
Scissors 
Spoons (spatula) 
Staining tray 
Syringes and needles (20-gauge; 0.9-mm) 
Test-tube racks (diameter 11 nun) 
Test-tubes with stopper (10 X 70 mm) 
Tweezers 

C. Products, reagents and media 

Acetic acid 
6-Aminolevulinic acid hydrochloride 
Antibiotics: ceftriaxone, chloramphenicol, ciprofloxacin, erythromycin, kana- 

mycin, sulfamethoxazole, tetracycline and trimethoprim 
n-Butanol 
Citric acid 
2,4-Dibromoquinone-4-chlorimide 
Disodium hydrogen phosphate 
Ethanol 
Fetal calf serum 
GC agar 
Haemoglobin 
HD supplement 
Horse blood 
Hydrogen chloride 
Immersion oil 
IsoVitaleX or CVA enrichment 
Magnesium sulfate 
Methanol 
Mueller-Hinton agar 
a-Naphthylamine 
Potassium dihydrogen phosphate 
Reagents for Gram staining ready for use or: acetone, ammonium oxalate, crystal 

violet, ethanol, resublimed iodine, safranin and sodium hydroxide 
Reagent or discs for p-lactamase 
Skim milk 
Sodium hydroxide 
Sodium nitrate 
Sulfanilic acid 
Tetramethyl-p-phenylenediamine hydrochloride 
Tryptic soy broth 
Vancomycin 

6. branu~oma inguinale 
A. Equipment 

Balance (0.001 g) 
Binocular microscope 
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B. Materials and glassware 

Absorbent paper 
Beakers (100 and 250 ml) 
Bottles with screw cap (20,250 and 500 ml) 
Gauze 
Graduated pipettes (5 and 10 ml) 
Measuring glasses (100 and 500 ml) 
Microscope slides 
pH indicator strips (pH range 5.0-8.0) 
Pipette tips 

C. Products and reagents 

Citric acid 
Disodium hydrogen phosphate 
Ethanol 
Formaldehyde 
Glycerol 
Immersion oil 
Leishman powder 
Methanol 
Potassium dihydrogen phosphate 
Silver nitrate 
Sodium carbonate 
Sodium chloride 
Warthin-Starry silver impregnation reagent 
Xylene 

7. Vaginitis 
A. Equipment 

Balance (0.01 g) 
Bench autoclave 
Binocular microscope 
Centrifuge (1500g) 
Gas burner (or spirit lamp) 
Incubator (36 "C) 
Interval timer 
Magnetic stirrer, heating plate and magnetic stirrer bars 
Refrigerator (4 "C, minimum 120 litres) 
Water-bath (55 'C) 
Water distillation apparatus 

B. Materials and glassware 

Absorbent paper 
Bacteriological loops (1 and 3 mm) 
Bottles with screw cap (100,250 and 500 ml) 
Coverslips 
Culture tubes 
Graduated pipettes (1,5 and 10 ml) 
Measuring cylinders (100,200 and 500 ml) 
Microscope slides 
Non-toxic cotton or PET specimen-sampling swabs 
Nylon brushes 



Petri dishes 
pH indicator strips (pH range 3.8-5.4) 
Pipette tips 
PVC jerrycans or containers with tap (5 and 10 litres) 
Reagent bottles and droppers 
Scissors 
Spoons (spatula) 
Staining tray 
Test-tubes with screw cap (10 X 160 mm) 
Test-tube racks (diameter 11 mm) 
Tweezers 

C. Products, reagents and media 

Amies transport medium 
Amphotericin B 
Arginine 
Bovine or horse serum 
Chloramphenicol 
Columbia CNA agar 
Culture medium for Trichomonas vaginalis (Diamond, Feinberg or Kupferberg) 
Fetal calf serum 
H (hominis) agar 
H (hominis) broth 
Horse or sheep blood 
Human blood 
Immersion oil 
Penicillin 
Potassium hydroxide 
Proteose peptone No. 3 
Rabbit blood 
Reagents for Gram staining ready for use or: acetone, ammonium oxalate, crystal 

violet, ethanol, resublimed iodine, safranin and sodium hydroxide 
Sabouraud dextrose agar 
Sodium chloride 
Streptomycin 
Tween 80 or equivalent 
Yeast dialysate 

8. Muman papillomavirus infection 
A. Equipment 

Air dryer (heat gun) 
Balance (0.01 g) 
Balance (0.0001 g) 
Bench autoclave 
Centrifuge (2000g) 
Deep-freezer (-25 "C, minimum 20 litres) 
Electrophoresis device, including power supply, tray, glass plates, combs, clamps 

and spacer sealer 
Filtration manifold (96 wells) 
Fluorescence microscope 
Heating block (25-37 "C) for microtitre plates 
Heat sealer for plastic foil 
Incubator (37 "C) 
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Interval timers (2) 
Magnetic stirrer and magnetic stirrer bars 
Microcentrifuge (10 000g) 
Microwave oven 
Multiblock heater (100 "C) 
pH meter 
Pipetting pump 
Refrigerator (4 "C, minimum 120 litres) 
Ultraviolet transilluminator 
Vacuum device 
Vortex mixer 
Water-bath (37 "C) 
Water-bath (100 "C) 

B. Materials and glassware 

Absorbent paper 
Blotting paper 
Coverslips (25 X 60 mm) 
Filter paper (Whatman No. 3 or equivalent) 
Forceps 
Gel cutter 
Gel staining tray 
Glass bottles (heat-resistant) with screw cap (100,250 and 500 ml) 
Graduated pipettes (2, 5 and 10 ml) 
Glass trays 
Measuring cylinders (100,250 and 1000 ml) 
Membrane filters (0.2 p.m pore size) 
Microcentrifuge tubes 
Micropipette (20-50 p1) 
Micropipette (50-200 pl) 
Micropipette (1000 pl) 
Microtitre plates (flat-bottomed, 96 wells) 
Moist chamber 
Nitrocellulose filter discs and nylon membranes 
Pipette tips 
Plastic foil or bags 
PTFE-coated microscope slides 
Racks for microcentrifuge tubes 
Reagent bottles with screw cap (10 and 20 ml) 
Scalpels 
Spatula 
Specimen-sampling swabs 
Test-tubes with screw cap (15 ml) 
Thermometer (0-60 "C) 
Thermometer (0-150 "C) 

C. Products and reagents 

Acetic acid 
Acetone 
Agarose or acrylamide gel 
Boric acid 
5-Bromo-4-chloro-3-indolyl-phosphate 
Conjugate (enzyme- or fluorochrome-labelled) 
Dextran sulfate 



Disodium hydrogen phosphate 
Dithiothreitol 
Edetic acid 
Ethidium bromide 
Formaldehyde 
Formamide 
Glycerol 
Heparin sodium 
HPV monoclonal and / or polyclonal antibodies 
HPV-specific DNA probes 
Hydrogen chloride 
IF counterstain (Evans blue) 
Immersion oil 
Magnesium chloride 
Mercaptoethanol 
Methanol 
Potassium chloride 
Potassium dihydrogen phosphate 
Restriction enzymes 
Sodium azide 
Sodium chloride 
Sodium citrate 
Sodium dodecyl sulfate 
Sodium hydrogen phosphate 
Sodium hydroxide 
Spermidine 
Streptavidin 
Tetrazolium blue (4-nitro-blue tetrazolium chloride) 
Tris(hydroxymethyl)aminomethane (trometamol) 

I 9. Human immunodeficiency virus infection 
A. Equipment 

Automatic pipetting pump 
Centrifuge (2000g) 
Deep-freezer (-25 "C, minimum 20 litres) 
ELISA reader 
ELISA washer 
Fluorescence microscope 
Heating block for microtitre plates (25-37 "C) 
Incubator (37 "C) 
Interval timers (2) 
Refrigerator (4 "C, minimum 160 litres) 
Shaker for microtitre plates 
Shaker for Western blot or line irnmunoassay strips 
Vacuum device 
Water-bath (37 "C) 

B. Materials and glassware 

Absorbent paper 
Coverslips (25 X 60 mm) 
Disposable plastic pipettes with bulb 
Graduated pipettes (2,5 and 10 ml) 
Measuring cylinders (100,500 and 1000 ml) 
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Micropipette (20-50 pl) 
Micropipette (50-200 p1) 
Microtitre plates (96 wells, U-shaped) 
Multichannel pipette (50-300 pl) 
Nitrocellulose paper 
Pipette tips 
PTFE-coated microscope slides 
Racks for serum samples 
Reagent bottles (10 and 25 ml) 
Reagent troughs 
Test-tubes (10 X 70 mm) 
Test-tube racks (diameter 11 mm) 
Trays for Western blot and line immunoassay 
Wash tray and carrier for glass slides 

C. Products and reagents 

Acetone 
Diagnostic test kits 
Distilled water 
Fluorescein-labelled conjugate 
Glycerol 
IF counterstain (Evans blue) 
Phosphate-buffered saline 
Sulfuric acid 
Tween 100 or equivalent 



Acidometric test, Neisseria gonorrhoeae 11, 12 
Acquired immunodeficiency syndrome (AIDS) 

(see also Human immunodeficiency virus) 85 
Agar dilution technique 

gonococcal MICs 14-18,19 
antimicrobial solutions 14-16,17 
choice of antimicrobials 14 
laboratory supplies 115 
MIC procedure 17,19 
preparation of agar plates 16-17 

Haemophilus ducreyi MICs 62-64 
antimicrobial solutions 63 
choice of antimicrobials 63 
MIC procedure 64 
preparation of agar plates 63-64 

Agglutination assay, HIV antibodies 87-88 
AIDS (see also Human immunodeficiency virus) 85 
Alkaline phosphatase test 61 
Amies transport medium 73,102 
Amine odour test 76 
Aminopeptidase (AMP) tests 

Haemophilus ducreyi 61 
Neisseria gonorrhoeae 8-9 

Antimicrobial susceptibility testing 
Chlamydia trachomatis 32-33 
Haemophilus ducreyi 62-64 
Neisseria gonorrhoeae 12-17, 18,19 

Bacterial vaginosis (BV) 75-79,80 
clinical diagnosis 75-76 
culture 77-79,80 
Gram staining 76-77 
laboratory diagnosis 76-79,80 
laboratory supplies 122-123 
tests at different laboratory levels 101 

Bacteroides spp. 75 
Balanitis 70,71 
P-lactamase (penicillinase) 

Haemophilus ducreyi producing 60 
Neisseria gonorrhoeae producing 12 

Bieling medium 59 
Blot-radioimmunoassay, Haemophilus ducreyi 59 
Bubo pus, chlamydial infections 24 
Buffered balanced salt indicator solution (BBS) 102 

Calymmatobacterium granulomatis (see also Granuloma inguinale) 67 
culture 68 
serology 68-69 

Candida albicans 70,72 
Candidiasis 70-72 
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culture 70-71,72 
laboratory supplies 122-123 
microscopy 71/72 
specimen collection 71 
tests at different laboratory levels 101 

Carbohydrate degradation tests 7-8,61 
Haemophilus ducreyi 61 
Neisseria gonorrhoeae 7-8 

Cardiolipin tests 
macroscopic 39-40 
microscopic 39 

Catalase test, Haemophilus ducreyi 61 
Cefalosporin test, chromogenic 12 
Cell lines 

Chlamydia culture 24-25 
herpes simplex virus culture 51 

Cerebrospinal fluid (CSF), treponemal IgM antibodies 40 
Cervical carcinoma 81 
Cervical intraepitheiial neoplasia 81, 82 
Cervical specimens 

Chlamydia trachornatis 24 
gonorrhoea 2 

Chancroid (see also Hmophi lus  ducreyi) 57-65 
laboratory supplies 120-121 
specimen collection1 transport 58 
tests at different laboratory levels 100 

Chlamydia cell growth medium 25,102 
Chlamydk isolation medium 25,102 
Chlamydia pneumoniae 31,32 
Chlamydia psittaci 31 
Chlamydia trachornatis 22-33 

antimicrobial susceptibility testing 32-33 
conservation of isolates 33 
culture 24-27 
direct microscopy 27-29 
enzyme immunoassays 29-30 
growth and life cycle 22-23 
imrnunotyping of isolates 32 
isolation 25-27 
laboratory supplies 115-117 
non-culture detection methods 27-31 
nucleic acid probes / amplification 30-31 
serology 31-32 
specimen collection/transport 23-24 
tests at different laboratory levels 99 

Chocolate agar 17,18,103 
Chromogenic cefalosporin test, Neisseria gonorrhoeae 12 
Chromogenic enzyme substrate tests, Neisseria gonorrhoeae 
Clue cells 76,77 
Columbia blood agar 17,18,103 
Complement fixation (CF) test, Chlamydia trachomatis 31 
Condyloma acuminatum 81 
Conjunctivitis, inclusion 2223 
Culture 

in bacterial vaginosis 77-79! 80 
Calymrnatobecferium granulomatis 68 
Candida spp. 72 
Chlamydia trachomatis 24-27 
Haemophilus ducry i  59-60 
herpes simplex virus 51-53 



Neisseria gonorrhoeae 4-7 
Trichomonas vaginalis 74 

CVA enrichment 108 
Cystine tryptic agar (CTA) 7 
Cytology in HPV infection 82 
Cytopathic effect (CPE), herpes simplex virus 51,52 

Diagnostic sensitivity test (DST) agar 103-104 
Diamond medium 104 
Direct fluorescent antibody (DFA) test 

Chlamydia trachomatis 28-29 
syphilis 39 

Disc diffusion, Neisseria gonorrhoeae 13-14 
DNA hybridization 

herpes simplex virus 54 
human papillomaviruses 82-83 
Neisseria gonorrhoeae 10 

DNA probes, Haemophilus ducreyi 59 
Donovan bodies 67 

microscopy 67-68 
Donovanosis, see Granuloma inguinale 
Dot blot hybridization, human papillomaviruses 83 

Elementary bodies (EB), Chlamydia 22-23 
ELISAs 

Chlamydia trachomatis 
antibodies 31-32 
antigen 29-31 

Haemophilus ducreyi antibodies 62 
herpes simplex virus 53-54 

antigen-antibody amplification 54 
antigen-capturing 53-54 
gG glycoproteins 55 

HIV antibodies 86-88 
competitive 87 
indirect 87 

Neisseria gonorrhoeae 11 
treponemal IgM-capturing 48 

Enriched Mueller-Hinton (MH) chocolate agar 59,64,104-105 
env gene 85,86 
Enzyme immunoassays (EIIAs) (see also ELISAs) 

Chlamydia trachomatis 29-30 
classical ELISAs 29-30 
rapid assays 31 

Haemophilus ducreyi 62 
herpes simplex virus 53-54 

classical ELISAs 53-54 
rapid assay 54 

HIV antigen-capturing 92 
Treponema pallidum antibodies 40 

Enzyme-linked immunosorbent assays, see ELISAs 
Enzyme substrate tests, chromogenic 8-9,12 

Feinberg medium (modified) 105 
Fetal calf serum-rabbit blood bilayer agar 105 
Filter in situ hybridization, human papillomaviruses 82-83 
Flocmlation tests, syphilis 39-40 
Fluorescent treponemal antibody absorption (FTA-Abs) test 40,41,42,46-47 

essential equipment 46 
for IgM 47-48 
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reagents 46-47 
test procedure 47 

Formaldehyde saline fixative 105 
FTA-Abs test, see Fluorescent treponemal antibody absorption 

(RA-Abs) test 

gag gene 85/84 
Gardnerella ~aginalis 75,76,77 

culture 77-78 
Genetic transformation technique, Neiseeria gonorrhoeae 1b 
Genital ulcer disease (CUD) 57 
Germ tube test, Candida albicans 72 
gG glycoprotein, herpes simplex virus 55 
Giemsa stain 27,106 
y-Glutamyl aminopeptidase (GLU-AMP) test, Neisseria spp. &9 
Gonococcal (GC) agar 13,59,63 

base 105 
enriched 104 

Gonococcus, see Nekseria gonorrhoeae 
Gonorrhoea (see also Neisseria gonorrlzoeae) 18, 19 

antimicrobial susceptibility testing 12-17,18,19 
laboratory supplies 113-115 
specimen collection 1-2 
specimen transport 2-3 
tests at different laboratory levels 99 

Gram stain 
in bacterial vaginosis 76-77 
Candida spp. 71,72 
Haemophilus ducreyi 58/60 
Neisseria gonorrhoeae 3-47 
reagents 106 

Granuloma inguinale 67-69 
culture / serology 68-69 
histopathology 68 
laboratory supplies 121-122 
microscopy 67-68 
specimen collection 67 
tests at different laboratory levels 101 

Haemagglutination treponemal test for syphilis (HATTS) 40 
Haemin requirement, Hamaphilus ducreyi 61 
Haemophilus ducreyi (see also Chancroid) 57-65 

antimicrobial susceptibility testing 62-64 
conservation of isolates 64-45 
isolation and identification 59-61 
microscopy /non-dture detection 58-59 
serology 62 
transport medium 58 

Heart infusion medium 59 
Herpes, genital (see also Herpes simplex virus) 50-55 

laboratory supplies 119-120 
specimen collection/transport 51,53 
tests at different laboratory levels 100 

Herpes cell growth medium 107 
~ e r $ e s  cell maintenance medium 107 
Herpes simplex virus (HSV) 50-55 

culture 51-53 
gG glycoprotein 55 
non-culture detection methods 53-54 
serology 55 



serovars 50 
typing 51-53 

H (hominis) agar 79,107 
H (hominis) broth 79,107 
Histopathology, in granuloma inguinale 68 
HW see Human immunodeficiency virus 
HPV, see Human papillomavirus 
HSV, see Herpes simplex virus 
Human blood Columbia agar 107 
Human blood-Tween bilayer agar (HBT) 78,107 
Human immunodeficiency virus (HIV) 85-97 

antigen detection 92 
genes and gene products 85,86 
laboratory supplies 125-126 
proviral DNA assay 92 
serological screening 86-88 

agglutination assay 87-88 
ELISAS 86-87 
immunodot assays 88 

seroIogica1 supplemental tests 88-91 
indirect immunofluorescence 90 
line immunoassay 90-91 
radioimmunoprecipitation 90 
serovars 85,86 
Western blot 88-89 

tests at different laboratory levels 101 
typing 90-91 
UNAIDS/ WHO recommendations for selection and 

use of antibody tests 93-97 
antibody testing strategies 95-97 
bulk purchasing of test kits 97 
indeterminate test results 97 
prevalence of infection and 93-94 
quality assurance 95 
selection criteria 93-94 

window phase of infection 87 
Human papillomavirus (HPV) 81-83 

antigen detection 82 
laboratory procedures 82-83 
laboratory supplies 123-125 
specimen collection 82 
tests at different laboratory levels 101 
value of detecting 83 

Hydroxyprolyl aminopeptidase (PRO-AMP) test, Neisseria spp. 8-9 

IC, Chlamydia trachomatis 33 
IgM, anti-treponemal40-41,4748 
Immunoassay 

line, HIV antibodies 90-91 
rapid antigen-capturing, Trichomonas vaginalis 74 

Irnmunoblotting, treponemal IgM antibodies 4748 
Immunodot assays 

Haemophilus ducreyi antibodies 62 
HIV antibodies 88 

Immunofluorescence (IF) methods (see also Direct fluorescent 
antibody (DFA) test) 

Chhmydia trachomatis 
cultures 26-27 
microscopy 28-29 

granuloma inguinale 68-69 
Haemophilus ducreyi 58, 62 



LABORATORY DIAGNOSIS OF SEXUALLY TRANSMllTED DISEASES 

herpes sirnplex virus 
clinical specimens 53,54,55 
cultures 52-53 

HIV antibodies 90 
Immunological tests, Neisseria gonorrhoeae 9-10 
Immunoperoxidase (IP) staining, herpes simplex virus 53 
Immunotyping, Chlamydia trachomatis 32 
Indol test, Haemophilus ducreyi 61 
Iodine 5% solution 26,108 
Iodine-glycerol mounting fluid 108 
Iodometric test, Neisseria gonorrhoeae 11-12 
IsoVitale X enrichment 108 

Kellogg's supplement 108 
Koilocytes 82 
Kupferberg medium 108 

Laboratory supplies 113-126 
Lactobacillus spp. 77 
Leishman stain 67, 68, 109 
Ligase chain reaction (LCR), Chlamydia trachomatis 30 
Limulus amoebocyte lysate assay, Neisseria gonorrhoeae 10 
Line immunoassay, HIV antibodies 90-91 
Lipopolysaccharide (LPS), chlamydial29,30 
Local antibody test, Chlamydia 32 
Lymphogranuloma venereum (LGV) 22,23,31-32,57 

McCoy cells 25 
McFarland nephelometric standards 10,18 
Media 102-112 
Methylene blue stain 3 
MIC, see Minimum inhibitory concentration 
Microhaemagglutination assay for Treponema pallidum antibodies (MHA-TP) 40,41,42 
Microimmunofluorescence (M@) test, Chlamydia trachomatis 31,32 
Microscopy 

in bacterial vaginosis 76-77 
in candidiasis 71, 72 
in chancroid 58 
in Chlamydia infections 27-29 
dark-field, in syphilis 38-39 
in gonorrhoea 3-4 
in granuloma inguinale 67-69 
in trichomoniasis 73-74 

Minimum inhibitory concentration (MIC) 
Chlamydia t rachmtis  32-33 
Haemophilus dumeyi 63-64 
Neisseria gonorrhoeae 13,14-17,18, 19,115 

Mobiluncus spp. 75 
differentiation 78-79 

Modified Thayer-Martin (MTM) medium 5,109 
Mueller-Hinton agar with haemoglobin, fetal calf serum and HD 

supplement 109 
Mueller-Hinton broth 109 
Mueller-Hinton (MH) chocolate agar, enriched 59,64,104405 
Mycoplasrna hominis 75,77,79,80 

Nasopharyngeal samples, Chlamydia trachomatis 23 
Neisswia cinerea 8, 9 
Neisseria gonorrhoeae (gonococcus) (see also Gonorrhoea) 1-19 

A m -  strains 5 
antimicrobial susceptibility testing 12-17,18,19 



disc diffusion 13-14 
MIC determination by agar dilution technique 14-17,18,19,115 

confirmatory identification 7-10 
carbohydrate degradation 7-8,9 
enzyme substrate tests 8-9 
immunological tests 9-10 
non-culture detection methods 10-11 

conservation of isolates 18-19,115 
culture 4-7 

isolation of 4-5, 6 
presumptive identification 6-7 
quality control of media 6 

microscopy 3-4 
penicillinase-producing (PPNG) 11-12 
plasmid-mediated antimicrobial resistance 11-12,13 
serological tests 11 
spectrum of infections 1 
tetracycline-resistant (TRNG) 12 

Neisseria lactamica 8, 9 
Neisseria meningitidis 8,9 
Neisseria mucosa 9 
New York City (NYC) agar 5,110 
Nitrate reduction test, Haemophilus ducreyi 61 
0-Nitrophenyl-$-D-galactosidase (ONPG) test, Neisseria spp. 8-9 
Nucleic acid probes, Chlamydia trachomatis 30-31 

Odour, vaginal, in bacterial vaginosis 76 
ONPG test, see 0-nitrophenyl-p-D-galactosidase test 
Oropharyngeal specimens, gonorrhoea 2 
Oxidase tests 

Haemophilus ducreyi 60 
Neisseria gonorrhoeae 6,7 

Papanicolaou smear 
Chlamydia trachomatis 23,24 
genital herpes 50 
human papillomavirus 81 

Papillomas, genital 81 
Penicillinase-producing Neisseria gonovrhoeae (PPNG) 11-13 

acidometric method 11-12 
chromogenic cefalosporin test 12 
iodometric test 12-13 

pH, vaginal, in bacterial vaginosis 75-76 
Phosphate-buffered saline (PBS) 110 
Phosphate buffers 11,61 
Pinta 36 
p01 gene 85,86 
Polymerase chain reaction (PCR) 

Chlamydia trachomatis 30-31 
herpes simplex virus 54 
HIV proviral DNA 92 

Porphyrin test, Haemophilus ducreyi 61 
Potassium hydroxide 71,75 
Probe assay chemilurninescence-enhanced (PACE) test, 

Chlamydia trachomatis 30 
Proviral DNA assay, HIV 92 
Psittacosis 31 

Radioimmunoprecipitation assay (RIPA), HIV antibodies 90 
Rapid differentiation dipping-staining technique, granuloma 

inguinale 68 



LABORATORY DIAGNOSIS OF SEXUALLY TRANSMITTED DISEASES 

Rapid plasma reagin (RPR) test, syphilis 39-40,41,42-44 
appropriate use 41,42 
materials and reagents 42 
qualitative test procedure 42-43 
quantitative test procedure 43-44 

Reagents 102-112 
Reagin screen test (RST), syphilis 40 
Rectal specimens 

Chlarnydia trachornatis 23-24 
gonorrhoea 2 

Reiter treponeme 47 
Reticulate bodies (RB) 22 
RPR test, see Rapid plasma reagin (RPR) test 

Sabouraud dextrose agar 72,110 
Safranin stain 3 
Serology 

Chlamydia trachmtis 31-32 
gonorrhoea 11 
granuloma inguinale 68-69 
Haemophilus ducreyi (chancroid) 62 
herpes simplex virus 55 
human immunodeficiency virus, see Human 

immunodeficiency virus, serological screening/supplemental tests 
syphilis 39-48 

Sheffield medium 59 
Single-antigen whole-inclusion test, Chlamydia trachomtis 31-32 
Skim milk 110 
Solid phase haemadsorption assay (SPHA), treponemal IgM 48 
Sorenson's citrate-sodium hydroxide buffer 61 
Southern blot hybridization, human papillomaviruses 82 
Spirochaetes, atypical 38 
Stains 102-112 
Stuart transport medium 110-111 
Sucrose-phosphate-glutamate storage medium (SPG) 111 
Sucrose phosphate transport medium 24,111 
Supplies, laboratory 113-126 
Syphilis (see also Trepbnema pallidurn) 36-48 

congenital 36-37 
endemic 36 
laboratory supplies 117-118 
serological tests 39-48 

appropriate use 41-42 
non-treponemal tests 39-40 
procedures 42-48 
treponemal IgM antibodies 47-48 
treponemal tests 40-41 

specimen collection 37 
tests at different laboratory levels 100 

Tetracycline-resistant Neisseria gonowhoeae (TRNG) 12 
Tetramethyl-p-phenylenediamine hydrochloride 7,60,111 
Throat samples, Chlamydia trachomatis 23 
Toluidine red unheated serum test (TRUST), syphilis 40 
TPHA, see Treponema pallidurn haemagglutination assay 
Trachoma 22,23 
Treponm carateurn 36 
Treponemal IgM antibodies 40-41,4748 
Treponemal serological tests 40-41 

specific 40 



Treponema pallidum 36 
dark-field microscopy 37-39 
direct fluorescent antibody test 39 
serology 39-48 

Treponema pallidum haemagglutination assay (TPHA) 40,44-46 
materials and reagents 44 
qualitative test procedure 4 5 4 6  
quantitative test procedure 46 

Treponema phagedenis 47 
Trichomonas vaginalis 72-74 
Trichomoniasis 72-74 

culture 74 
laboratory supplies 122-123 
microscopy 73-74 
non-culture diagnostic methods 74 
specimen collection 73 
tests at different laboratory levels 101 

Tryptic soy broth (TSB) 64,112 
Tzanck stain 50 

Unheated serum reagin (USR) test, syphilis 39 
Ureaplasma urealyticum 80 
Urease test, Haemophilus ducreyi 61 
Urethral specimens 

Chlamydia trachomatis 24 
gonorrhoea 2 

Vaginal discharge, in bacterial vaginosis 75 
Vaginal specimens 

candidiasis 71 
gonorrhoea 2 
trichomoniasis 73 

Vaginitis (see also Bacterial vaginosis; Candidiasis; 
Trichomoniasis) 70-79, 80 

laboratory supplies 122-123 
tests at different laboratory levels 101 

Vaginosis, bacterial, see Bacterial vaginosis 
Venereal Disease Research Laboratory (VDRL) charcoal test, syphilis 40 
Venereal Disease Research Laboratory (VDRL) test, syphilis 39,41 
Viral transport medium 112 

Warthin-Starry silver impregnation reagent 112 
Warts, genital 81 
Western blotting 

HIV antibodies 88-89 
treponemal IgM antibodies 48 

X factor requirement, Haemophilus ducreyi 61 

Yaws 36 
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