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CHAPTER 1

INTRODUCTION
AND

OBJECTIVES






1.1 Introduction.

The sexually transmilted diseases (STDs) constitute a worldwide problem of major
signiticance in terms of heallh, economic and social consequences [1].

The most important STDs are the bacterial infections syphilis {causative agent
Treponema palfidum sub-species palfidum), gonorrhoea (causative agent Neisseria
gonorthoeae, N. gonorrhoeas), infections caused by Chiamydia ifrachomalis (C.
frachomatis) and the viral infeclions herpes genitalis (causalive agent herpes
simplex virus, HSV), condylomata acuminata (causalive agent human papilloma
virus, HPV) and human immunodeficiency virus infections including AIDS. In
addition, donovanosis (causalive agent Calymmatobaclerium granulomatis) and
chancroid {causalive agent Haemaphilus ducrey) are impertant in the developing
countries [2-4),

The combat against STDs is aimed at disrupting the infectious cascade. Attempls
have been made to achieve this via education (for instance: safe sex campaigns},
contact tracing, the screening of high-risk groups and treatment of patients. It was
expecled that lhis would decrease the spread of STDs in the community and
prevent the development of complications and sequela in the individual patient [5-
8.

Correct diagnosis is of utrost importance. In addition to anamnesis and clinical
presentation, the correct diagnosis of STDs relies on the detection of the various
causalive agents using the appropriale laboralory techniques. In symptomless
infections such as gonorrhoea and C. trachomatis infections, such laboratory tests
are the only means to trace the carriers. The treaiment is of major epidemiological
imporlance as it reduces the pool of clinically unsuspected, bu! infectious carriers.
Traditionally, for N. gonorrhoeae-, C, trachomatis- and HSV infeclions the culluring
of the relevani pathogen used to be the cornersione in the laboratory diagnosis [9-
16]. For the remaining STDs, culturing of the causative agents is either very difficult
or impossible, and therefore, the laboratory diagnosis is based on the detection of
appropriate antibodies against the causative agents [17-19).

An advantage of the culture techniques is the availability of the microbes for
additional investigations such as the testing for susceptibility to various antibiotics
that are used in the trealment of that particular STD, the sub-typing of HSV, the
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sero-typing of C. tfrachomalis and N. gonorrhoeae, the auxo-typing and screentng
for plasmids of N. gonorrhoeae. Such additional investigalions may be valuable in
understanding the clinical preseniation and in deciding on the appropriate therapy.
Moreover, the addifional information can be used for epidemiclogical siudies.

A major disadvantage of the cullure technique is the time-period between the
selling-up of the culiures and the availability of the results. This requires the
patients fo return at least a second lime, This is not feasible in settings where the
patierds have 1o travel a long dislance o receive trealment and in populations with
poor compliance. Moreover, the time needed for culturing delays therapy and
prolongs the period of infectivily [20]. A second disadvanlage may be that the
patient samples have to be transported to specialized laboratories. Despite the use
of transportation media, the duration of transport and non-optimum temperafure
conditions during transport may adversely affect the resulls of the cultures [21-23].

Both these disadvantages of the cullure techniques formed the basis for
invesligaling the value of the Enzyme-Linked Immunosorbent Assay (ELISA) for the
diagnosis of C. lrachomalis-, N. gonorrhoeae- and HSV infeclions as a suitable
alternative for the culture fechniques. The ELISA is a very versalile method for
detecting antigens and antibodies and offers the possibility for automation. It was
hoped that the use of ELISA for detecling either antigens or antibodies may be
usefut in establishing ihe correct diagnosis of STDs. The lalter type of ELISA is
useful when insufficient antigen is available, as for instance, in the later stages of

herpelic lesions and the lale stage of herpes genitalis.

1.2 Objectives of the study

The obfeclives of the investigalions described in this thesis were as follows.

- To complle a review on the clinical presentations of C. frachomalis
infections, gonorrhoea and herpes genitalis and on the methods used for
their delection.

- To invesligate ihe diagnostic value of methods in which antigens are
detecled namely the non-marketed prototypes of ELISA kits for detecting C.
frachomatis infeclions, gonorrhoea and herpes genitalls.

- To develop a serologicai method for distinguishing herpes simplex virus
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(HSV) type 2 infeclions in the genitalia from previous HSV type 1 infections.
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CHAPTER 2

INFECTIONS WITH CHLAMYDIA TRACHOMATIS, NEISSERIA

GONORRHOEAE AND HERPES SIMPLEX VIRUS






2.1 INFECTIONS WITH CHLAMYDIA TRACHOMATIS

2.1.1 Introduction

Chlamydiae are obligate iniracellutar bacteria with a unique growth cycle in which
two forms of the Chlamydiae exist: the infectious Elementary Body (EB) which 'can
survive outside the host cells and can infect new host cells and the Reticulate Body
{RB} which mulliplies iniracellularly within a vacuole: the inclusion body. A part of
the RB continues to muliiply, whereas the larger part matures fo EB. The infected
host-ce'l ruplures alter 48-72 hours yielding new exira-cellular EB [1).

Three species are distinguished among the Chlamydiae: C. trachomalis, C. psittaci
and C. pneumoniae. C. lrachomalis causes trachoma and STD and comprises 15
different serotypes: the serotypes A-K and Ba, LGV 1, 2 and 3 [1].

Trachoma is caused by serolypes A, B, Ba and C and is endemic in many
developing countries, especially in densely populated areas where the hygienic
conditions are poor. It is eslimated that several hundreds of millions of people
suffer from this disease and as a result, several millions have become permanently
blind. The serotypes D-K cause sexually transmissible urogenital infections like
urelhritis or cervicitis and somelimes a mild conjunctivitis. The serotypes LGV 1-3
cause the STD Iymphogranuloma inguinale [2]. The two laller diseases are

reviewad below.

2.1.2 Infections with serotypes D-K in men

Infection of the male genitalia with C. trachomalis serotypes D-K may lead to ure-
thritis with dysuria and urethral discharge or may follow an asymptomatic course.
The chlamydial urethral infections are milder and follow an asympiomalic course
more often than gonoceceal urethritis. Epididymitis occurs in 1-2% of the cases if
the infection is left untreated [3,4]. Men with chlamydia urethritis who have the
major histocompatibility antigen HLA-B27 run a grealer risk of developing Reiter's
syndrome [5]. In homosexual men, procliis caused by C. trachomalis was
observed. Infections of the reclum with serotypes D-K are milder than those with

one of the LGV serclypes {6].
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2.1.3 Infections with serotypes D-K in women

The mucopurulent cervicitis in women is the counterpart of non-gonococcal
urethiitis in men [7]. Uncomplicated cervicitis mostly follows an asymptomatic
course and dysuria occurs as a resull of the infection spreading to the urethra.
Endometritis, salpingitis and pelvic inflammatory disease (PID) occur as a result of
ascending infection. Late complications are infertility or exira-uterine gravidily due
to fibrosis and adhesions in the fallopian tubes. Perihepalitis (Fitz-Hugh-Curtis
syndrome)} is also asscciated with chlamydial infection [8, 8]. In men and women
conjunctivitis is also possible via contact of genifal discharge-contaminated finger

with the eyes.

2.1.4 Infections with serotypes D-K in children

Neonates born from mothers with genital chlamydial infection may become infected
during partus and may develop chiamydial conjunclivitis. The symptoms usually
manifest belween 1 and 3 weeks posinatal, The infection may have an
asymptomatic course or may result in a purulent conjunctivitis of varying severity.
Severe sequela (corneal pannus and cicalrisation of the conjunclivas) may arise.
Chlamydial pneumonia may develop if nasopharynx and respiratory fracl are
infected. Prolonged cough and congestion are the major symptorns which appear

between the third and the eleventh week [10-12].

2.1.5 Lymphogranuloma venereum

Lymphogranufoma venereum (LGV) is caused by serolypes L 1-3 and is endemic
in Africa, India, South-East Asia, South America and the Caribbean. 1n the Weslem
countries this disease has been imporied from the endemic areas. The symptoms
may consist of a primary lesion, usually an ulcus in the ano-genilal region and is
followed by an inflammation of the inguinal lymph node{s) which eveniually may
rupture. However, the disease may also follow an asymptomatic course. The
disease has usually no serious sequela, but complications like proctocolitis, fistula
formation and elephantiasis of the genilalia may occwr [13]. The clinical and
histopathological changes in early LGV proctocolilis and Crohn's disease ar¢ very
similar [14,15). In 2 of the 3 rectal biopsies from homosexual men with proctitis
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caused by C. lrachomatis of the LGV serolype, Quin et al observed
histopathological ¢hanges which were consistent with those in Crohn's disease [16).
However, using the Polymerase Chain Reaclion (PCR), chlamydia-DNA could not
be demonstrated in the DNA extracts from the gut samples of 10 patients with

Crohn's disease or in samples from 4 controls [17}.

21



References

1.

16.

17.

Schachler J. Bivlogy of Chlamydia trachomalis. In. Holmes KK, Mardh PA, Spartting PF,
Wiesner PJ, eds. Sexually Transmilled Diseases, 2nd ed. New York: McGraw Hill, 1990:
t67-80.

Stamm WE, Holmes KK. Chiamydia lrachomalis infection of the adult. In: Holmes KK,
Mardh PA, Sparling PF, Wiesner PJ, eds. Sexually Transmilted Diseases, 2nd ed. New
York: McGraw Hill, 1990: 181-93.

Berger RE, Alexander ER, Monda GD, Ansslt J, McCormick G, Holmes KK. Chiamydia
trachomatis as a cause of acute idiopathic epidydimitis. N Eng J Med 1978; 298: 301-4.
Berger RE, Alexander ER, Hamisch JP, el al. Etiology, manifestations and therapy of acute
epidydimilis: prospeclive study of 50 cases. J Urol 1979; 121: 750-754.

Martin DH, Pollock 8, Kuo CC, Wang SP, Brunham RC, Holmes KK. Chlamydia trachomalis
infections in men with Reiter's syndrome. Ann Intern Med 1984; 100: 207-13.

Quin TC, Stam WE. Proctitis, proctocolitis, enteritis ans esophagitis in homosexual men. In:
Holmes KK, Mardh PA, Sparling PF, Wigsner PJ, eds. Sexually Transmitted Diseases, 2nd
ed. New York: McGraw Hill, 1990: 663-83.

Brunham RC, Pavoonen J, Stevens CE, el al. Mucopunilent cervicilis- the ignored
courderpart in women of urethrilis in men. N Eng J Mad 1984; 311: 1-6.

Henry-Suchet J. Chiamydia trachomatis infection and infertility in women, J of Reprod Med
1988; 33: 912-14.

Nettleman MD, Jones RB. Cost-effectiveness of screening women at moderate risk for
genital infections caused by Chiamydia frachomalis. JAMA 1988; 260: 207-13,

Schachiter J, Lum L, Goading CA, Ostler B. Pneumenitis foliowing inclusion blannorrhea. J
Pediatr 1975; 87: 779-80.

Beem MO, Saxon EM. Respiralory tract colonisation and a distinclive pneumonia syndrome
in infants infected with Chlamydia trachomatis. N Eng J Med 1877; 296: 306-10.

Harrison HR, Alexander ER. Chlamydial infections in infants and children. in: Holmes KK,
Mardh PA, Spading PF, Wiesner PJ, eds. Sexually Transmitted Diseases, 2nd ed. New
York: McGraw Hill, 1990: 811-20.

Perine PL, Osoba AQ. Lymphogranuloma vensreum. In: Holmes KK, Mardh PA, Spariing
PF, Wiesner PJ, eds. Sexually Transmilled Diseases, 2nd ed. New York: McGraw Hill,
1990: 195-204.

Munday PE, Taylor-Robinson D. Chlamydial infection in proctitis and Crohn's disease. Br
Med Bull 1983; 39: 155-8.

Swarbrick ET, Kingham JCC, Price HL, e! al. Chlamydia, cylornegalovirus and yersinia in
inflammalory bowel disease. Lancet 1979; 2: 11-12,

Quin TG, Goodell Se, Mkrichian EC, et al. Chlamydia frachomalis proctitis,. N Eng J Med
1981; 305: 195-200.

Mc Garity BH, Robertson DA, Clarke IN, Wright R. Deoxyribonucteic acid amplfification and
hybridizatton in Crohn's disease using a Chlamydial plasmid probe. Gut 1921; 32: 1011-5.

22



2.2 INFECTIONS WITH NEISSERIA GONORRHOEAE

2.2.1 Introduction

N. gonorrhioeae is a Gram-negative diplococcus which causes gonorrhoea. The
gonococet can be distinguished from other Neisseriae using sugar fermentafion
tesls and immunofluorescence technigques [1]. N gonorrhoeae can be character-
ized according to ils amino acid requirements (auxo-typing) [2,3] or via ils reactivily
with monoclonal antibodies against epitopes of the outer membrane protein (sero-
typing) {4]. A relationship exists between the serotype on the one hand and the
susceplibility to antibiolics and the localisation in a host on the other hand [5,6].
The presence of pili on the gonocaccal surface has bzen related to the virulence
[1,7). N. gonorrhoeae may contain various plasmids of different sizes. The function
of some plasmids is known, for instance B-plasmids of 2.9, 3.2 or 45 mD are
responsible  for the penicillin-resistance in  the penicillinase-producing N,
gonorrhoeae (PPNQG) [8]. High level ietracycline-resistance has besen ascribed 1o
the acquisition of a streptococcal tetMi determinant localed on a 25.2 mD plasmid
[9,10]. Decreased susceptibility to penicillin, tetracycline and cephalosporin is
genetically determined [11]. 1f has been suggested that inadequate therapies result
in a selection of less susceptible strains of gonococci. The prevalence of antibiotic-
resistant strains is increasing and forms a major problem in the combat against
infections with N. gonorrhoeae [1]. In the Western countries the prevalence of
PPNG increased from 0 % in 1866 to 11 % (USA, 1991), 5 % (UK, 1980} and 12.7
% (Australia, 1986} [12-15). In some developing countries, the prevalence of PPNG
increased o 49 % (Gambia, 1989/1990) and 59 % (Zaire, 1988) [11,10]. In the
Netherlands, the prevalence of PPNG increased from 9.6% in 1986 lo 29.7% in
1990 {16-18). The prevalence decreased to 12% in 1992, The prevalence for 1693
has been estimated 1o be 20% [van Klingeren, personal communication].

The properties of N. gonorrhoeae like auxo-type, sero-lype and resistance to
antibiotics may vary in time and geographical area [12]. This variability pariially
hampers the successful development of vaccines and diagnostic procedures.
Effective therapy with cheap antibiotics such as penicillin and tetracycline is
hindered in areas with a high prevalence of peniciliin-resistant strains (10,19}
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2.2.2 Infections in men

In men, urethriis anterior is the most frequenl manifestation of infection with M.
gonorrhoeae. Symptoms of urethral discharge and dysuria usually appear within
two to five days after infection [12,20]. Asymptomatic infections occur less ire-
quently in men than in women [21]. Complications may include urethritis posterior,
epididymitis, prostatitis, seminal vesiculitis and infection of the Cowper's gland and
Tyson's glands. Ano-rectal infeclions are mainly observed in homosexual men and

are related to ano-genital sexual intercourse.

2.2.3 Infections in women

In women, the endocervical canal is the most common location for infection with N,
gonorrhoeae [21). The urethra, the periurethral glands (Skene glands), the Bartho-
lin's glands, the reclum and the lonsils may also become colonized [12,21-23].
Uncomplicaled infection with N. gonorrhoeae frequently follows an asymptomatic
course. Individuals with asymplomatic infections may unknowingly spread the
infeclion further in the community. Complications of N. gonorrhioeae infeclion in
women are bartholinilis, acute proctitis and pelvic inflammatory disease {PID}. The

long term sequela of salpingitis are infertility and ectopic pregnancy.

2.2.4 Pharyngeal infections

Pharyngeal infeclions are less frequently observed in helerosexual men than in
women and homosexual men. The most pharyngeal infections are asymptomatic
and self-timiting. The role of pharyngeal infection in the transmission of M.

genorrhoeae 1o sex-partners is uncertain [12].

2,25 Disseminated gonococcal infection

Disseminated gonococcal infections are a complication of uro-genital gonorrhoea
and occur more oflen in women than in men. The symptoms can be: arthritis, teno-
synovilis, dermatitis or a combination of these symptoms. The skin lesions mosily
consist of a necrotic pustule on an erythematous base, but other manifestations are
possible. The syndrome is ofien under-diagnosed because of the asymplomalic

character of the preceding uro-genital infection [12,24,25].
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22,6 Maternal and perinatal infections

The rates for premature delivery, perinatai distress and still birth were higher In
mothers infected with N. gonorrhoeae than in uninfected mothers [6].

Infection with N. gonorrhoeae in the newborn mostly results in conjunctivitis, but
seldom in syslemic infection [26].
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2.3 INFECTIONS WITH HERPES SIMPLEX VIRUS

2.3.1 Introduction

The herpes viridae comprise a large group of DNA viruses found in many species.
Six among them have been isolated from humans. Two of these, herpes simplex
virus type 1 (HSV-1) and herpes simplex virus type 2 (HSV-2) are sexually
transmissible microorganisms. HSV-1 and HSV-2 have 50% homology in the
genomes and the virions have many similar antigenic determinants.

Both virus types can cause ano-genital as well as oral, facial and pharyngeal infec-
fions, although HSV-1 is isolaled more often from the lafier three locations and
HSV-2 is isolated more often from the ano-genital region.

HSV-1 is usually acquired during the first 10 years of life [1}. The large majority of
the infections follow an asymptomatic course. About 10 % of the infections are
accompanied by clinical manifestations. In a sero-epidemiclogical survey in the
USA, the prevalence of HSV-1 antibodies was 25 % in whiles and 70 % in blacks
f2].

HSV-2 is usually acquired via sexual contact. In a study in the USA, antibodies
against HSV-2 were demonstrated in 19.7 % of the white population, in 64.7 % of
the black population and in fess than 1 % of the children under the age of ten
years from both populations [2]. No such dala are available on the prevalence of
these antibodies in Europe.

The virus remains present after asymptomatic or symptomalic infections. It is
assumed that the virus refreals to the Jocal ganglion and establishes a fatent
infection of neurons. Reactivation of latent virus causes recurrences which occur
after nerve damage, trauma to the peripheral site receiving innervation from the
latently infected ganglion or after immunosuppression [3)].

it has been shown that virus may be shed during the symplomatic as well as the
asymptomatic phases of the infections with HSV-1 and HSV-2 [3-5]. This release of
virus particles may be important in the mode of transmission of especially HSV-1
as a cause of genital herpes [6). However, it is assumed that the shedding of the
virus from asymptomalic patients plays an important role in the fransmission of
genital herpes infections.

In the Western countries, HSV is the most common venereal cause of genital
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ulcers [3]. In the developing countries, other venereal causes such as syphilis,
chancroid, LGV and granuloma inguinale are more important in the etiology of
genital ulcers [7}. Genital ulcers have been implicated as a risk-increasing factor for
acquirng human immunodeficiency virus [8}. Since HSV-1 and HSV-2 infections
may cccur in the same individual, it is convenient to use the following definitions;

A first episode is the first period with clinical symptoms. This comprises a primary
infection and an initial non-primary infection. A primary infection refers o an
infection in a patient who has not suffered from previous HSV-1 or HSV-2 infections
and therefore has no anti-HSV antibodies.

An initial non-primary infection is a first symptomatic episode at a given anatomical
site in a seropositive individual who has not suffered from a previous symptomatic
episode at that location.

A recuivence is a symptomatic episode at a given analomical sile at which a

previous symplomaltic episcde with HSV had cccurred [9].

2.3.2 Facial and oropharyngeal infections with herpes simplex virus

Facial and oropharyngeal infections with HSV are frequently caused by HSV-1, but
seldom by HSV-2 [10]. Although these infections are nol sexually transmitted, they
are discussed here because of their role as a major source of genital HSV-1 infec-
tions [4-6).

The primary infection may progress asymplomalically or may cause gingivo-
stomalitis andfor pharyngitis. Facial skin may also be affected. The prodromal
sympioms are typical and consist of itching or tingling sensations about 5 days
prior fo the appearance of the characleristic group of vesicles on the erythemaltous
skin. Afler a few days, the vesicles change into erosions and heal after 5-10 days
forming a crust. The primary infection may be accompanied by malaise and fever.
After the primary infeclion, the virus relreals to the trigeminal ganglion where it
remains lalent. After reactivation under the influence of among others, sunlight,
menses, fever, emotional stress or over-faligue, the infection recurs and is mostly
located on the lips or in the perioral region. A recurrence of herpes labialis is
mostly more local and has a less severe course than the first episode. However,
somelimes the recurrent herpes infection may cover a major part of half of the
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face. A disseminated infeclion (eczema herpeticum) may occur in patients with a
pre-exisling skin condition such as atopic eczema. Erythema exudativum multiforme
(EEM) has been associated with herpes Iabialis. Recently, herpetic DNA was
demonstraled in the skin biopsies obtained from lesions of pafients with EEM
[11,12]. Infection of the eye may lead to a herpetic keratoconjunctivitis which in
serious cases may lead to ulgeration and blindness.

QOropharyngeal herpes simplex virus infection in immunocompromised patients may
lead to a persisting progressive ulcer, accompanied by necrosis, bleeding and
severe pain. The infeclion may also spread io the oesophagus and the lower
respiralory Iract [13). Oesophagitis may occur after activation and spreading via the
vagus nerve. Spreading of herpelic tracheobronchitis may lead {o pneumonia. A
disseminated infection accompanied by hepatilis, pancrealitis and encephalitis may
occur due lo viraemia after oropharyngeal and genital herpes infection,

2.3.3 Genital herpes simplex virus infections

Most genital herpes simplex virus infections are caused by HSV-2. HSV-1 was
isolated from about 20% of lhe cases with primary genital herpes infections and
from about 2% of the cases with recurrent infections [i14]. Higher percentages ol
HSV-1 have been isolaied from primary genital lesions in females under 25 years
of age: from 45 % in 1985 16 65 % in 1988. The author suggesied that this can be
explained by the delayed primary exposure lo the virus, due to betler hygienic
conditions and due to the frequenter praclice of cunnilingus relative to fellatio {6].
Fifty 1o 70% of the genital herpes infections follow an asymptomalic course,
Asymplomatic herpes infeclions occur moere frequenily in women than in men [14]
and are often caused by HSV-2 {15} In the USA, genilal herpes infections with
HSV-2 are reaching endemic proportions. In urban areas 30-80% of the pregnant
women from lower socloeconomic classes visiting an obstelric cfinic possessed
antibodies to HSV-2 [2-4,16-20).

The incubation period of a primary herpes genitalis is 3-7 days. The severity and
the duration of primary genital HSV-1 or HSV-2 infeclions do not differ [21]). The
first symptoms are mostly itching, redness and genital pain after which the vesicles
appear on various parls of the genitalia. This is often accompanied by severe pain,
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oedema, vaginallurethral discharge, dysuria, urethritis and cystitis or cervicitis. The
inguinal lymph nodes may be swollen and often there are general symptoms such
as slackness, fever, headaches, muscular pain and dysuria [22,23]). After about 2
days, the vesicles burst and ulcers davelop which form crusts and heal after 10-21
days.

The duration of a recurrence is usually shorter, the symptoms are less severe and
the area involved is usually smaller as compared with a primary infection. Recur-
rences may conlinue to occur for many years and show a high individual variability
of frequency and severity. More than 80 % of the patients with first episode of
genilal HSV-2 infection suffer from recurrences with an average of 4 fimes within
the first 12 months. In contrast, 55 % of the patienls with first episode of a genital
HSV-1 infection suffer from a single recurrence during the same period [24]. A pre-
vious herpes labialis infection with HSV-1 partially protects against acquiring genilal
infection with HSV-1, but does not prevent it. Individuals with a first episode HSV-2
infection who had already suffered from a previous episcde of HSV-1 infection had
fewer systemic symptoms, fewer lesions and a shorler duration of illness than

patients with a primary HSV-2 infection [21].

Complications of a genital HSV-1 and HSV-2 infection may be:

1. A self-limiting viral meningitis {particularly in primary herpes infection).

2, Extragenitat lesions: buttacks, groins, thighs, fingers and HSV conjunctivitis
{primary and recurrent).

3. Skin or visceral dissemination, thrombocytopenia, monc-arthritis and upper
genitourinary tract infections in women. These complications are rare.

4, Invasion of the sacral ganglion afier genilal or rectal herpes infection. This
may cause a repealing lumbosacral herpes infection: besides the skin
lesions on the buttocks, the sacrum or the hips, a dysfunclion of the
autonomic nervous system may arise and may be accompanied by anaes-
thesla, tingling sensations, urine relention, obstipation, pleocytosis in the
liquor and impotence in men.

5. In studies on the occurrence of HIV, the presence of genital ulcers, among

others, was obhserved to be a risk-increasing factor for acquiring HIV
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infection [25,28]. Vice versa, a HIV infection will worsen the course of a

concomitant HSV infection.

2,3.4 Foetal and neonatal herpes infections

The foetus can be infected when the mother develops a disseminaled infection.
This infection may be lethal for the mother and her child [27}. In utero infection of
the foetus due to an ascending genitat herpes infection in the molher is unclear
[28].

infection of the neonate can occur during parius when the infant passes through
the infected birth canal. HSV-2 has been isolated from 86% of the neonates with
herpes neonatalis [29]. Postnatal infeclion can occur via handling of the neonale by
an infected person. This infection is usually a HSV-1 infection. Posinatal infection
caused by suckling from an infected breast has been reporied [30].

Neonatal herpes infections can be divided into 3 categories according to severity:
1. Local infections of the skin, the eyes and the mouth {SEM).

2. Disseminated infection.

3. Central nervous system {CNS} encephalitis.

Most cases of herpes neonatalis infections can be recognized by the presence of
skin, eye or oropharyngeal lesions [31].

The locat infection has the besl prognosis. The symptoms begin after 10-11 days.
Groups of vesicles are observed al sites on the body that had been in direct
contact with the infected birth canal. Keratoconjuncliviis or oropharyngitis may be
present. Later on, 30% of these children develop neurclogical symptoms: spastic
quadriplegia, microcephaly or blindness and in one study, neurological sequela
developed in 20-30% of the children [32]. The course is rarely lethal, but without
therapy 75% of the local infections would progress 1o disseminated infection [33].
The mortality of disseminated infections is high (> 80%). Early recognilion is of life-
saving importance [34]. The non-specific symptoms of disseminated HSV infection
begin after an average of 9 days and inciude lethargy, poor appetite, occasional
apnoea, hepatomegaily and persistent acidosis. In this group, 45% of the children
were born premature. Thereafer, hepalitis, pneumonia, insults and thrombocylo-
penia develop. The child may die of presentations such as irreversible shock,
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pneumonia or haemorrhagic diathesis. Skin, eye or mouth lesions are present in
only 30% of the children with a disseminated HSV infection or HSV encephalitis
{35). High dilutions of serum, thal were found to be optimally effeclive in antibody-
dependent cellular cylotoxicity assays in the neonaie or the mother, or high titres of
HSV-neulralizing antibodies in the neonate could be relaled fo the absence of
disseminaled HSV infeclions [36].

The symplems of HSV encephalilis mostly begin 11-20 days after birth. The
symptoms include insults, irritability, poor fluid intake, thermal instability, profruding
fontanellas and pyramidal symptoms [37-39]. The morality is 50 % [40}, the
survivors often have neurological damage [41,42]. A large majorily of these chitdren
suffer from psycho-motoric retardation, microcephaly, hydranencephaly, spasticily,
blindness or learning difficulties. The long-term prognosis with regards to the
neurological sequela in children with HSV-1 encephalitis is beiter than those with
HSV-2 encephaiitis [40].

In view of the high morality and the severe complicalions of neonalal herpes
infection, ane should be extra vigilant in identifying pregnant women at risk. Firsl of
all, these are the women with recurrent herpes genitalis, women with a partner with
herpes genifalis and women who have suffered from an episode in the past. Forty
percent of the neonates from women who had suffered an episode or who were
suffering from primary herpes infection at the time of partus developed herpes
neonalalis [32,43,44]. Retrospectively, it was shown that primary infections wilh
HSV-2 in the mother were responsible for half of the cases of herpes neonafalis,
whereas the other half of the cases were observed to be due lo reactivation of
earlier infections {45]). However, anamnastically a large proportion of the mothers
who gave binh to children wilh herpes neonatalis, or their pariners, were unaware
of having suffered from a herpes episode [46,47]. Thus, anamnesis alone is
insufficient for tracing women at risk. Therefore, a serclogical test in which HSV-2
specific antibodies can be detected would be valuable for tracing pregnant women
ai risk and their partners.

It has been shown lhat negafive results of cultures from the cervix of pregnant
women at risk which were performed either early in pregnancy or weekly during the
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weeks 32-36 did not exclude the occurrence of herpes neonatalis [48). in contrast,
it was shown that women who had positive cervix cultures during pregnancy often
appeared 1o have negative cultures during delivery [49,50]. These coniradictory
results hamper the decision on an effective stralegy lo prevent herpes neonatalis.

In the Netherlands, there is a consensus that pregnant women and their children at
risk should be investigated. Samples for culture shouid be taken from the cervix
and from sites of frequent recurrences from the woman "durante pariu”. Samples
for cuiture from the infant should be taken from the nasopharynx. H is possible lo
obtain the resulls within the incubalion period of approximately 4 days with the
currentlly available culture techniques. As yet, there is no consensus on the
approach that should be adopted in a neonate who is not yet ill, but in whom the
culture is posilive. One can begin ireating the neonate prophylactically with
Acyclovir or take a "wait and see" approach {51]. A major disadvanlage of the
procedures mentioned above is the difficully in determining which women are at

risk.
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CHAPTER 3

LABORATORY TECHNIQUES IN THE DIAGNQSIS
OF INFECTIONS WITH
CHLAMYDIA TRACHOMATIS, NEISSERIA GONORRHOEAE

AND HERPES SIMPLEX VIRUS






3.1 Intreduction

In general, the laboratory diagnosis of infectious diseases is based on the
demonstration of the relevant microbes or paris thereof and/or the demonstration of
specific antibodies in patient samples by means of serological tesis. This is also
true for the STD under investigalion. The procedures for demonstraling the relevant
microbes or their antigenic parts in patient samples, either directly or aiter culiure
are classified under anfigen delecting techniques, In addition, newer diagnostic
procedures which rely on the demonslralion of relevant microbial DNA or rRNA are
currently available. The diagnostic techniques which rely on the demonsiration of
specific antibodies are classified under antibody detecting lechniques. The current
diagnostic procedures are not discussed here as these have been reviewed
extensively olsewhere [1-8]. This Introduction will focus on the test procedures that
have been recently introduced for the diagnosis of the lhres diseases under
investigation i.e. the procedures based on the ELISA methodology and those based
on the molecular biology techniques.

New diagnoslic tests for diagnosfs must fulfil several requirements. These have
been roviewed by several authors [9-11}. One of these requirements is the
evaluation of a new test by comparison with the "gold standard’. As already
mentioned in Chapler 1, culturing of the relevant microbes is the cornerstone of the
laboratory diagnosis of infections with C. frachomalis, N. gonorrhoeae and HSV.
Culturing of these microbes is currenily used as the "gold standard". The laller can
be described as one of the current test, lhat is generafly accepted as being the
best lest available to distinguish between individuals with or without a certain
characteristic fealure. Two important fealures of diagnoslic tests folfow from this
comparison: the sensitivity and the specificily. The sensitivity of a (new) tesl is the
ralio between the individuals in whom this test is posilive and all those in whom the
"gold standard” is positive. The specificily of a {new) test is the ratic between the
individuals in whom this test is negative and all those in whom the "gold standard"
is negative.

An ideal test should have high sensitivily and specificity. In addition, such a tesl
should be suitable for monitoring the effecliveness of treatment. The results of such
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a tesi after adequate therapy should be negative to allow clear-cut diagnosis of re-
infection. Such an ideal test does not exist. Therefore, it should be realized that the
suitability of new tests would depend on the purpose for which it will be used. Two
main purposes can be dislinguished: the screening for disease in large populations
and the clinical diagnosis. An important difference bsiween both target groups is
the prevalence of the disease. This is low in the population to be screened and
higher in the case of clinical diagnosis. The prevalence affects the likelihood that a
positive test resuit really indicates a truly positive individual (with disease) as well
as the likelihood that a negative test resull indicales a truly negalive individual
(without disease). Two additional parameters which indicate the probability of the
correciness of a test result are the predictive value of a positive test result (PPV)
and the predictive value of a negative test result (NPV). The PPV is the ralio
between the number of individuals with a positive test result and the total number
of individuals with the disease. The NPV is the ratic between the number of
individuals with a negative lest result and the total number of individuals without the
disease. The PPV increases wilh increasing prevalence while the NPV decreases
and vice versa. For screening, it is important not to miss individuals who are truly
infected. Therefore, high emphasis is placed on the sensitivity of the test and on a
high NPV. For clinical diagnosis, high emphasis is placed on a high specificity of
the test and on a high PPV.

In addition to these theoretical considerations, technical and economic aspects also
play a role. These include technical simplicily, rapidity, the ease of performing IgM-
based diagnostic tests, suitability for automation and financial costs. When lesting
for infections with C. frachomatis, N. gonorrhoeae and HSV, the population 1o be
tested (people aftending the outpatient department for sexually iransmitted
diseases) has a high prevalence for these diseases. Here, the emphasis is placed

on a high specificity and a high PPV.

3.1.1 ELISA technigue

The laboratory diagnosis of infectious diseases is usually based on the demon-
stration of the causative agent andfor specific antibodies directed against {paris of)
this agent. The latter is achieved via the reaclion between the antigen and the
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antibody. Such reactions require indicator systems 1o detect reactivity. These
systems include complicated, vulnerable biological systems (i.e. the complement
fixation reaclion, passive haemaggiutination) and fluorescent techniques in which
the resulls have to be read using an appropriale microscope, bul have the
drawback that the readings are subjeclive. The formation of a visible precipitate in
the antigen-antibody reactions which are performed in solufion requires equivalent
amounis of reactants. Deviations from equivalence can lead to false-negative
reactions due to the absence of precipilale formation (i.e. prozone phenomenon).
These problems can be circumvented by performing the antigen-antibody reaclion
on the surface of a solid phase 1o which one of the reactants has been adsorbed.
The second reaclant becomes aftached to the solid phase via its reaclion with the
adsorbed reactant. After removal of the unbound material, the presence of the
second reactant can be demonstrated by a labelled-delector which is specifically
directed against the second reactant. A solid phase was used first in the sofid
phase radicimmunoassay. However, the use of radio labels required elaborate
precautions, expensive appliances and appropriate measures for radioaclive waste
disposal. The substitution of radio-labelled compounds by enzyme-labelied
reaclanis and chromogenic enzyme substrates led to the development of the
Enzyme-Linked Immunosorbent  Assay (12]. The conjugates retain their
Immunological and enzymatical activity after coupling of enzymes to proteins
[13,14]. In this technique, there is no need for the above mentioned precautions
which has undoubledly contributed to its wide-spread use.

Several lypes of materials (polyvinyl, polystyrene, nitrocellulose and nylon) are
sullable for use as a solid phase, because of their capacity to passively adsorb
reactants, Most proteins including antibodies can be passively adsorhed to such
solid phases. The nature of ihis binding is poorly understood. Hydrophobic and
ionic interactions may be involved [15]. Antigens thal have a poor binding capacity
can be bound indireclly via chemical covalent binding to easily adsorbed proteins
such as bovine serum albumin or high molecular weight polymers like polylysine or
polyglutaraldehyde [18],

Especially, the plastics can be used in several forms such as microlitre plates,
lubes, beads and micro-pariicles [17]. The choice of the material and form depends
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on the type of the reaclion, the financial cosis and the possibility for automation.
Membranes have a high functional surface-capacity. Nitrocellulose membranes
have been used in dot-blot ELISA and nylon membranes for flow-through sample
application in enzymeimmunofiltralion assays. Microlitre plates and polystyrene
beads are especially amenable for automalion in standardized robotic systems.
Free binding sites on the solid phase that remain after coaling may produce high
background staining by non-specific binding of one or more of the reactants. Such
free siles must be blocked with an indifferent protein. Bovine serum albumin,
casein, gelatin and non-fat dried milk have been used.

The final signal in the ELISA is produced by an enzyme-substrale combination,
The choice of a proper enzyme-substrate combination is dictated by the possibility
lo visualize the reaction via a change in colour, Frequently used enzyme-substrate
combinations are alkaline phosphatase with p-nitrophenyl phosphate or horse
radish peroxidase with o-phenylenediamine. More recently, several signal-
amplifying alternatives such as the biotin-strepavidin syslem have been developed
ft5]. The colour change can be read by the naked eye or measured using a
spectrophotometer. The intensity of the colour is a measure for the amount of
antibodies present in the pafient sample.

The possibility lo passively adsorb antibodies and antigens 1o the solid phase and a
high flexibility in the manner of performance renders the ELISA technigus suitable
for application in the field of infectious diseases.

Three types of ELISAs have been used for the detection of antibodies in patients.
in the indirect or sandwich ELISA, antigen is coaled onto the solid phase. The
antibodies in the patient sample binds to the coated antigen. Anti-human antibodies
that are labelled with an enzyme are added and allowed to bind to the antibodies of
the patient. Finally, the substrale for the enzyme is added and the enzyme
reaction after having proceeded during a fixed time is stopped and the intensily of
the colour developed measured. This ELISA principle can also be used for
detecting antibodies in the sera from patients, using antigens which have been
blotted or spolted onto nitrocellulose strips. However, here the soluble colourless
substrate (NBT/BCIP) is converted inlo a purple precipilate resulling in a purple dot.
The reaction is read by the naked eye or measured using a densitometer.
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in the competitive ELISA, enzyme-labelled aniibodies specific for the antigen are
incubated with the patient sample in wells of a microfitre plate coated with the
antigen. The anlibodies in the patient sample, if present, will compeie with the
enzyme-labelled antibodies for binding to the antigen. This results in a reduction of
the ¢ofour in comparison with a negative control sample. The reduction in colour is
a measure of the amount of antibodies present in the samples of the patients.

The antibody caplure ELISA can be used to identify antibodies of different immu-
noglobulin classes, for instance IgM. In this ELISA, the solid phase is coaled with
affinity purified antibodies specific for a class of human immunoglobulins, These
immunoglobulins are captured from ihe added patient sample by the coated
antibodies. After the removal of unbound material, antigen is added and will be
bound by the captured antibodies if they are present. The enzyme which produces
the final signal may be bound directly 1o the antigen or to additional antibodies
specific for the antigen [15].

The ELISA methods for delecting antigen comprise the capture ELISA, the dot-
spot ELISA and the competition ELISA.

In the capture ELISA, the anligen to be detected is capiured from the patient
sample added to wells of a microtitre plate or polystyrene beads coaled with poly-
clonal or monoclonal antibodies. After washing, a second antibody specific for the
anligen and labelled with an enzyme is added. The developed colour after
incubation with the substrale can be measured .

In the dot-spol ELISA, the patient sample is passively adsorbed onlo a nitrocellulo-
se membrane. In the direct version of this test, the antigen, if present, is detected
by overlaying the spot with a specific enzyme-labelled anlibody. In the indirect
version lhe spols are first overlaid with unlabelled anlibedy specifically directed
against the antigen, followed by an incubalion with enzyme-labelled antibody,
specifically directed against the first antibody. The reading of the reaction is the
same as mentioned above for the doi-spot ELISA for the deteclion of anlibodies.

in the competition ELISA, antigen-enzyme complexes compete wilh the anligen in
the patient sample for the binding by specific antibodies coated onto the solid
phase. This results in a decrease in the absorbance as compared with negative
controls, measured using a spectrophotomeler. In this method, a large amount of

45



purified antigen is required and therefore it is not roulinely used for testing for
STDs. However, the production of large amounts of antigen is possible with the

currently available recombinant DNA technology.

3.1.2 Molecular biology techniques

New molecular biology techniques have been used in the diagnosis of STDs,
Strands of DNA of interest, together with a cloning vector DNA are cleaved with the
same reslriction endonuclease. This enzyme produces complementary single
stranded ends on the foreign DNA and the vector DNA. These ends anneal and
are ligated with a DNA ligase. The recombinant molecule is inserted into the
appropriate host usually E. cofi strain K 12, by transfection or micro-injection. The
vector should have a selectable marker gene (for instance tetracycline resistance)
to distinguish between transformed and untransformed host cells. The host cell
should preferably be easy to cullure and rapidly growing for a rapid muitiplication of
the DNA of interest.

The newly synthesized DNA can be used as probes for the hybridization technique
and for sequence analysis. The knowledge of the sequence can be used for the
synthesis of primers and probes for use in the polymerase chain reaction (PCR).
Large quantitics of the protein is produced when the corresponding gene is
expressed in the host cell. This is of special interest for the production of antigens
of microbes such as T. palfidum and human papilloma virus (HPV), which cannot
be cultured on artificial media, antigens from microbes such as M. tubarculosis wilh
very low growth rate or when the purification of the antigen is very laboricus or has
a very low yield. For instance, Glycoprotein G for detection of herpes simplex virus
lype-specific antibodies is expressed in recombinant-baculovirus-infected  insect
cells orin E. colf [18,19].

Hybridization technique

In 1977, the HPV genome was cloned in bacterial ptasmid vector and available for
mapping and iyping of HPV from various anatomical sites using hybridization [20].
This is done with homogenized lissue biopsies using Southern blolling or dot
blotting. In Southern biotiing, the purified DNA from patient samples is first
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electrophoresed in a gel and then blolted onto nitrocellulose. In the dot blot
technique, the DNA is direclly spotted onte a nylon or nitrocellulose filter. The DNA
on the filter is probed with **P-fabelied cloned HPV-DNA. The resulls are visualized
by autoradiography [21]. In the in situ hybridization technique, viral DNA or RNA
can be detected in specific cells in tissue seclions by using labelled DNA-probes
[22-24]. Since then, these techniques have also been used for diagnosis of other
STDs and are described further in the appropriate sections of this chapter.

The polymerase chain reaction

The PCR is used for amplification of selected DNA sequences from selecled
material to enable detection with probes. Using this technique, small amounts of
specific DNA can be detected. The method requires a knowledge of the nucleotide
sequences flanking the target DNA in order to generate oligonucleotide primers
which mediale cycles of DNA synihesis. After denaturation of the target DNA and
annealing of the primers, template-direcled incorporation of decxynucleoside
triphosphate occurs after the addition of the heal-stable DBNA polymerase, Tag 1.
The newly synthesized DNA strands may serve as lemplates themselves and
repeated cycles of denafuration, primer annealing, and extension resull in many
miflion-fold increase in the number of copies of the region flanked by the primers.
Generaily 25-40 cycles are performed within three to four houwrs using an
automated thermal cycling device. The amplified DNA in its single siranded form is
detected by hybridization with the appropriately labelled probes [25].

A crilical feature of the PCR is the specific annealing of the oligonuciectide primers
to their complementary largel DNA sequence and their subsequent exiension. The
design of primers of appropriale sequence is therefore, of paramount imporiance
for successful amplification. The specificity may be a probfem when the targel DNA
is present in a sample that also contains many other closely related DNA
sequences. This may be overcome using "nested" primers in a second reaction
tube. These malch sequences just inside the two original primer sites. Thus
"nested” amplification of a product in the PCR depends on the accurate
recogrition by the four independent oligonuclectides [26}.

The PCR also has some other disadvantages. Cne problem is the ease with which

47



spurfous amplification producis may arise due to contamination from extraneous
sources. This may be overcome by the use of closed systems. In addition, the
number of pathogens cannot be quantified accurately using PCR. For instance, for
diagnosis of an acute infection caused by Cylomegalovirus {CMV) or Epstein Barr
virus, accurate quantification is desirable bacause the virus is present in smali
amounts in sero-positive bui asymptomatic individuals. This is in conirast lo the
PCR for HIV in which the deteclion of even one viral particle is important [27].
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3.2 LABORATORY TECHNIQUES IN THE DIAGNOSIS OF INFECTIONS WITH
CHLAMYDIA TRACHOMATIS
3.2.1 Antigen detecting techniques
Direct identification of Chlamydia in infected secretions
Direct identification is performed microscopically using stained smears of paiient
material on microscopic slides [1]. itially, the smears, which usually contained low
numbsrs of inclusion bodies and large numbers of elementary bodies (EBs), were
observed after staining for inclusion bodies with iodine or Giemsa slain. However,
the sensitivity of the method was very low because of the low number of inclusion
bodies. Evaluation of the smears by an indirect immunofluorescent technique using
polyclonal antibodies was unsatisfactory because of the high background staining.
The use of monoclonal antibodies (MoAbs) prevenis the background staining and
allows a religble identilication of EBs in smears of infecled secretions. Two MoAbs
have been used thus far. The MoAb against the genus-specific lipopolysaccharide
{LPS) epitope also reacts with Staphylococcus aureus protein A and with antigenic
determinants of Gram-negalive bacteria [2,3]. The Moab against the species-
specific major outer-membrane protein (MOMP} reacts with the EBs. The anti-
MOMP MoAbs may cross-react with other bacteria. This is a serfous drawback for
invesligating samples obtained from the rectum. However, sampfes oblained from
other parts of the body are less contaminaled and lhe method can be used
successiutly [4-6].
The resulls of 24 studies in which the anli-MOMP MoAbs were used were analyzed
in a review {7]. The cul-off point for a positive test result varied from 1 to 10 EBs
per preparation. The specificity decreased when the cut-off point was fow, bul the
sensilivity did nol necessarily increase. However, adequale sampling is very
important: for cervical samples, containing up to 5 endocervical celis, the sensitivity
was 70 %, for cervical samples conlaining more than 5 endocervicat cells the
sensitivily was 92 %. The overall sensitivity observed for endocervical samples
varied from 56 % to 100 %. The overall sensilivity for samples obtained from
urethra of men varied from 43 % to 100 %,
The advaniages of this method are that the quality of sampling can be evaiualed,
the sensilivity is not reduced by iransporialion and the fest i8 easy to perform.
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However, the microscopic evalualion of the preparalions requires a cerlain amount

of experience and the reading of a large number of preparations is ledious.

Culture of Chiamydia trachomatlis

In 1957, C. lrachomalis was cullured for the first lime on the yolk-sacs of chick
embryos using samples from the eyes of a patient with trachoma [8]. In 1965,
Gordon and Quan were the first lo describe a method for culturing Chlamydia on
monolayers of continuous cell lines [9). Nowadays, the most commonly used cell
lines are the McCoy and Hela 229 cell lines for cultiring Chlamydia using samples
from urelhra, cervix, rectumn, orepharynx and the eye. The presence of Chiamydia
in 1he inoculum is determined by the formation of inclusion bodies within the
cullured cells. Their formation is stimulated by cenirifuging the inoculum onto the
monolayers [10], by including anti-metabolites (cycloheximide, iododeoxyuridine and
cylochalasine B) to promote the formalion of giant cells and by pretrealing cells
with a polycation (DEAE dextran) to reduce their negative surface charge. The eili-
ciency of culturing can be improved further by adding an initially infected, but dis-
rupted monolayer to a fresh monolayer {blind passage). The presence of inclusion
bodies is read microscopically after staining the fixed monolayers with iodine or
Giemsa. The sensitivity of culturing is increased even more by staining the infected
monolayers with fluorescein isothiocyanate (FITC)-labelled monoclonal antibody
[11]. Culiuring C. trachomatis is cumbersome and time-consuming (72 h). The
exact sensitivity of culturing on cell lines is unknown. The sensilivity was estimated
to be + 77% aller repeafedly culturing a few samples from the cervix [12]. in 1984,
Schachter estimated the sensitivity of culturing a single specimen to be between
70% and 80% in women with cervical infection and to be 80% in men with urethritis
(13]). The specificity of culturing is high because of the characteristic maorphology of
the inclusion bodies in the infected cells. Efficient culturing of Chlamydia is
hampered because of loss of infectious material when samples from the patients
have to be transported under non-optimum condilions {14}

Antigen detection by ELISA methods
From the various commercially avaitable kils, iwo have been extensively evaluated.
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In the Chlamydiazyme test kit (Abboft Diagnostics, USA), samples from the patienis
are lreated with delergents fo extract the chlamydial genus-specific LPS antigen.
Polystyrene beads are added 1o the extract which results in the binding of the LPS
to the beads. After rinsing, the beads are incubated with a polyvalent rabbit anti-
LPS anliserum. The beads are incubafed with a peroxidase [abelled anti-rabbil
immunoglobulin conjugale after washing. Subsequently, aller rinsing, the beads are
incubated with the appropriate substrate for the peroxidase and the absorbance is
read spectropholometrically,

in the IDEIA {Bools-Celllech Diagnostics, UK), the wells of a 98-well polystyrene
microlitre plate are coated with anti-LPS monocional antibody. The LPS-antigen
axtracted from the samples of the patients as described for the previous lest is
added to the wells. The aniigen, if present, is caplured by the coated anli-LPS
antibodies. The presence of antigen is detected in a manner similar to that
described for the previous test.

A third tesl, the Test Pack Chlamydia (Abbotl laboratories, USA} is a commercially
available ELISA tes! based on the capture principle. Polyclonal antibodies against
chlamydial antigens are coated onto the solid phase and are used to caplure
chlamydial antigens from the samples of the patienls. The antigen, if present is
detected with a deteclor system in which polyclonal antibodies are used. This test
is siimpler to execute than all the other tests. The resulls are obtained in 30 min
and its execulion does not require any special expensive equipment (e.g. spectrop-
hotometer) which makes it suilable for use in small laboralories. Although in an
initial study [15], a sensilivity of 76% and a specificity of 99.5% were observed, the
test stilt requires further evaluation.

In Chaplers 5 and 6 the performance of the ELISA methods is evalualed further.

3.2.2 Nucleic acid detecting methods

Recenlly, a non-radioactive nucleic acid hybridization assay (PACE 2 assay, Gen-
Probe, San Diego, USA)} has appeared on the market. in this assay, C. trachomatis
rRNA from patient samples is solubifized in a special buffer and is subsequently
detected using the chemiluminescence-labelled probe. The results in women were
comparable with those of cultures on menolayers. In two studies, the sensitivity and
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the specificity of the moditied version (PACE 2) were observed to be 95.2% and
98.2% [16] and 93% and 98% respectively [17]. In one siudy, the sensitivily in men
was observed to be 77.2%. It was suggested that this fower sensitivity could have
been due to a more cumbersome sampling technique in men [16).

In the polymerase chain reaction (PCR), a primer that is common for C. fracho-
matis plasmid [18-21] or common for rRNA [19,22] are mostly used. Initially, there
was concern regarding the specificity because of the risk of contamination with
DNA from the [aboratory [23). This was overcome by using a closed system. In 228
clinical samples, Ostergaard observed that in comparison with culture, the PCR had
a sensitivity of 100% and a specificily of 93 %. By comparing the PCR results with
the combined results of culiure and IDEIA (Boots-celtech, UK} to identify the C.
frachomalis infected patients, the PCR had a specificity of 99% [20]. In 216 men
with non-gonococcal urethritis, Ratti observed a sensitivity of 100% and a specilicity
of 96.8% as compared with culture. The sensitivity of culture in comparison with the
PCR was 92.4% [18]. Bobo used an enzyme immunoassay (PCR-ElA) to
demonstrate amplified DNA. One hundred and four cervical samples were
investigated with PCR-EIA and cullure. Forly-six of ihese 104 cervical samples
were positive both in PCR-EJA and in cultire. An additional 2 samples were
observed to be positive in the PCR-EIA [22]. From the 168 samples from the
patients (62 men and 106 women), Naher absarved 30 samples to be positive both
in the PCR and in culture. An additional 16 samples were observed to be positive
in the PCR. On dilutions of suspensions of C. frachomalis laboratory strains, the
PCR appeared to be a hundred fimes more sensitive than cullure [21]. In the
studies mentioned above, the sensitivity of the PCR was invariably 100 %. The
specificity of the PCR in these studies was lower than the spedificily of the culture.
This indicales that the cullure technique is not able to dslect all individuals carrying
C. trachomalis. This is supported by the results of the additional tests thal were
performed. This challenges the role of cuiture as the "gold standard”. The question
stifi remains whether such a sensitive test would not delect residual DNA from
dead microorganisms and would not remain positive for prolonged periods after the
patien! has received adequate antibiotic treatment. However, in follow-up studies,
Claas et al [19] and Ostergaard et al [24] observed no residual chlamydia-DNA

54



using PCR aiter adequate antibiolic treatment. This demonstrated that the PCR
was suitable for moniloring the effecliveness of therapy.
In conclusion, PCR is more sensilive than culture and also has a high specificity

when appropriate precaulions to exclude contamination are taken.

3.2.3 Antibody detecting technigues
Three test have been developed for the detection of anti-Chlamydia antibodies.
These are Complement Fixation Test {CFT), Immunofluorescence Test (IF) and

Enzyme-linked Immunosorbent Assay (ELISA).

Complement Fixation Test

Genus-specific chfamydial [.PS antigen that is produced in embryonated hen eggs
is used as an anfigen in the complement fixalion test. The test is of little value for
detecting uncomplicated C. frachomatis infections because of its low sensilivity of
15 % in uncomplicated urethral infections in men and 40 % in uncomplicaled
cervical infeclions [13]. The test is valuable in the diagnosis of psittacosis and
lymphogranuloma  venereum (LGV). The results of the test were positive (litre
>1:10) in more than 80% of the cases with LGV [25].

immunofluorascent Tests

In the Inclusion Fluorescent Antibody Assay (IF test), inclusion bodies from a single
serotype in cell cultures on slides is used as the antigen. Antibodies against
Chlamydia are detected by overlaying the slide with the serum of a patient. An-
fibodies, i present, are detected by a fluorescent conjugate. The test has a higher
sensitivity than the complement fixation test. The sensitivity was 82 % in men and
95 % in women as compared with culture. However, 50.2 % of the female controis
and 27 % of male blood donors were positive in this - test [26]. Later, it was
suggested that the high rate of positive resuits in the controls was due to the thus
far underestimated frequency of infections with C. pneumoniae [27]. In this lest a
distinction between the antibodies against €. psiltaci and those against C.
trachomatis 15 not possible and In this respect, the IF test offers no additional

advantages over the complement fixation lest [26].
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In the type-specific micro immunoflucrescence iest (MIF), the elementary bodies of
C. trachomatis serolypes A-K and LGV types 1-3 harvested from infecled egg yolk
sacs are fixed to glass slides and used individually as anligens [28]. This is a very
laborious tesl. Therefore, it was attempied to simplify the test by pooling the
anligens {28,30). A further simplification consisted of the use of purified EBs of one
serolype, namely ihe rapidly growing and broadly cross-reacting LGV-2 as an
antigen. Peterson et al compared lhis Single-Antigen Microimmunofluorescence
Assay with the Inclusion Fluorescent-Antibody Assay with serotype LGV-2 as the
antigen. The correlation between these two assays was poor [31). In the Chlamydia
spot-IF test {Bio Merieux) which is commercially available, the elementary bodies of
C. trachornatis serotype LGV-2 and C. psiftaci are coated separately onto a micro-
scope slide. It was claimed that using this test it was possible to distinguish
between C. trachomatis and C. psitiaci infections. However, Mannion compared the
resulls of this test with those of the MIF. He observed that the test as supplied by
the manufacturer was not suitable for distinguishing both types of antibodies [32].
Taken togelher, the simplified test procedures appeared unsatisfaciory in
diagnosing uncomplicated chlamydial infections and in distinguishing between
infections caused by C. trachomatis and C. psiltacl. In complicated infections also
they are of limited value.

Therefore, the MIF in its original form is the only useful test, but is used only al a
few research laboratories. 1l is useful for detecting 1gM, IgG and local secretory
anlibodies by using immunoglobulin class-specific fluorescein-labelled conjugates.
Antibodies of the 1gG class against C. frachomatis may persist for many years and
they were detecled in 25-45 % of the normal adults, in 20-25 % of the
asymptomatic sexually active males, in 50-7¢ % of the asymptomatic sexually
active females and in more than 85 % of the prostitutes attending a STO clinic {13].
For this reason, MIF performed only once is not useful for diagnosing recent C.
frachomalis infection in patients attending STD clinics. Only a seroconversion or a
fourfold or higher increase in the titre of IgG in consecutive serum samples or the
presence of IgM anlibodies indicate a recent infection [33]. In patients with pelvic
inflammatory disease, this strategy does not apply because most palients have

suffered from a chlamydial cervicitis or salpingitis [34).
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The MIF test has been successfully used for the diagnosis of trachoma and for the

diagnosis of C.trachomatis infection in infants [35-37].

Antibody detection by ELISA methods

The lack of sensitivity of the CFT and the difliculty in performing the MIF test has
prompted the search for new serologic tests for detecting chiamydial antibodies.
Lewis et al. used intact Chlamydia of a laboratory strain of C. psittaci in an ELISA
and showed a diagnostic rise in anfibody titre in all of the 14 patients with clinically
diagnosed psillacosis duiing an outbreak of this disease. The mean litres were
higher for ELISA {419} then for CFT (94), indicating a higher sensitivity for the
ELISA. Sera of 6 individuals with clinical LGV were also posilive in the ELISA
indicating that the assay with the antigen used in the study is genus-specilic rather
than species-specific [38].

Jones el al. used ELISAs wilh reticulate bodies of type C and elementary bodies
of lype L2 as antigens in 42 men with NGU. Although there was a good correlation
between the resulls of both ELISAs and the MIF, there was no correlafion in this
group of patients belween the presence of anti-chlamydial antibodies and the
results of cullure [39]. Saiku used reliculate bodies of serotype L2 as an anligen in
the ELISA and also found a good correlalion belween posilive results in this ELISA
and the MIF [40]. In the studies of Duc-Goiran et al. and Mahony el al. solubilized
elementary bodies of serotype D and L2 respeclively were used as an antigen. tn
both studies a good correlation was observed between the results of ELISA and
MIF [41,42]. In all the studies mentioned above, lhe ELISA was found 1o be rapid,
more easy to perform than the MIF and was as sensitive as the MIF. A serious
drawback of these tesls is that genus-specific antibodies are detected. Therefore,
antibodies against C. trachomatis, C psiltaci and €. pneumoniae cannot be
distinguished from each other. Some authors suggested that this iest should be
used as a sensitive first step screening test and if positive, should be followed by a
specific test to detect chlamydial antigen [27). However, this option is of lillle
practical value in a population with a high background prevalence of anti-chlamydial

antibodies.
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Enzyme-Linked Fluorescent Assay

Theunissen et al. developed an enzyme-linked fluorescent assay (ELFA} with non-
fixed elementary bodies of C. trachomatis serotypes E, F, H, |, J and LGV 2 as the
antigens. A good correlation (0.88) was observed between the sensitivity of the
ELFA and MIF. In conlrast to the results of ELISA, cross-reactions between C.
trachomalis and C. pneumonia were not observed in the ELFA. A major technical
advaniage of this test over the MIF is that the results can be objectively read using
a Fluoroskan. The use of this test has been advised for epidemiological studies and
in cases of suspected complicaled chlamydial infections such as pelvic

inflammatory disease (PID) [43).

Western Blot Assay

The Western Blol Assay is mainly of scientific importance for investigating the
appearance and the persistence of antibodies directed against various chlamydia
antigens. In this test, sera of high lgG and IgA fitres in the peroxidase aésay
reacted with more peplides than those which showed low titres {44]. Wagar et al
investigaled the reaction of sera from women with PID using two 60 kD antigens of
C. trachomalis. All sera reacted with 57-60 kD M cysteina-rich structural protein of
the outer membrane complex "omp 2", The other protein, a Triton X-100 soluble
protein was characlerized as the Chlamydia equivalent of a heat shock protein "gro
EL". Antibodies against this protein were observed in 31% of the women with PID
and a positive MIF test and in 81% of the women with eclopic pregnancy and a
positive MIF test. The author suggested thal women with PID who have antibodies
against "gro EL" are the ones who are likely to develop chronic sequela [45].
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3.3 LABORATORY TECHNIQUES IN THE DIAGNOSIS OF INFECTIONS WITH
NEISSERIA GONORRHOEAE

3.3.1 Antigen detecting techniques

Direct identification of M. gonorrhoeae

The conveniional diagnosis of infection with N. gonorrhoeae is based on the

presence of intraceliular Gram-negative diplococci in smears and in culture.

Gram-stained preparalions, provided they are evaluated by an experienced

technician have high sensitivity (83%-86%) and specificity (95%-89%) in men wilh

symptoms of urethritis [1,2]. If evaluated by inexperienced technicians, the sensi-

tivity can decrease from 95% lo 54% [1}. The results of Gram-stained preparations

in women were poorer [1-4] with a maximum sensitivity of 85% [1]. This difference

could be possibly due to the presence of a larger diversity of the vaginal or cervical

baclerial flora in which the Gram-negalive diplococci are difficult to distinguish.

Culture of Nefsseria gonorrhoeae

Culturing of N. gonorrhoeae can be performed using seleclive and non-sefective
culture media. Culturing of N. gonorrhoeae using non-selective media is usually
difficult to assess because of the overgrowth by other bacteria, especially Proteus
species. N. gonorrhoeae is mostly cullured using selective cullure media although
the best results are obtained by using a combinalion of cultures on seleclive and
non-selective media [8]. The original Thayer-Martin selective medium contains
vancomycin, colistinemethate and nystatin. N. gonorrhoeae grows slowly in this
medium and the growth of Proteus species is insufficiently suppressed. In the
modified Thayer-Martin medium more agar and glucose are added and it also
contains trimethoprim to inhibit the growth of Proleus species [8]. Vancomycin in
the culture medium is less preferable in regions where many vancomycin-suscep-
tible gonococel ococur {sometimes up te 30%) [7). Other selective media are the
Martin-Lewis medium [8] and the New York City medium [9]. Neisseria colonies can
be selecled by their morphology and colour. The recognition of N. gonorrhoea
needs furlher evaluation by sub-culturing and subsequent use of an identification
test. Conventional sugar fermentation tests and the Rapid Carbohydrate Utilization
test can be used for identification. Various biochemical identification systems are
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commercially available [10]. In addition, immunological identification methods
incorporating either polyclonal or monoclonal antibodies are afso commercially
avaifable [11].

The culture of gonococei, including the identificalion procedures takes 2 {o 4 days.
The advantage of culluring is that the baclerium is available for auxo-typing and for
determining susceplibility to antibiotics whereby screening for pénicillinase
producing gonococci (PPNG) and pfasmid-induced resistance of gonococei to
tetracyclines are important. These determinations together with those establishing
the sort and the size of the plasmids play a very important role in epidemiological
studies.

Cullure has the best resulls when the sample from the patient is either directly
inoculated or is inccufated within 6 hours after having been {ransported in a non-
nutrient transport-medium. The sensitivity decreases considerably upen storage for
longer periods depending on the lransport-medium and the temperature. This
decrease ranged from 4.5% for Stuart medium at 4°C fo 79% for Stuarl agar at

room lemperature {12].

Immunofluorescence

Direct immunofluorescence on smears of vaginal, cervical and urethra! discharge
using polyclonal anlibodies was obseived lo be expensive, laborious and less
sensilive than the culture of N. gonorrhosae. The same was also true for the
indirect immunofluorescence technique [10,13,14]. The use of monoclonal anii-
bodies against epitopes of prolein | in a direct IF test led to a considerable
improvement in the sensitivity, parlicularly when used on smears, obiained from
women. Testing of duplicate smears prepared al the same time increased the
sensilivity from 85% to 89% in men and from 72% lo 88% in women as compared
with cullure [15],

Antigen detection by ELISA methods

A solid phase enzyme immunoassay which can be used to delect gonococeal
antigen in cervical and urethral samples from patients is commercially avaifable
{Gonozyme, Abbott Diagnostics, USA). Polyclonal antthodies produced by injecting
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different sirains of N. gonorhoeae in rabbits are used in this test. Specimen
oblained from the urethra or endocervix of the patients are applied to the wells of a
reaction tray. A brelreated polystyrene bead is added to facilitate adsorption of M.
gonorrhosae. The anli-gonococcal antibodies are added after removal of the
unbound antigen. After subsequenl washing, horse radish peroxidase-labelled
sheep anti-rabbil antibodies are added lo react with lthe antigen-anlibody complex.
Foliowing the last washing, each bead is transferred to a 5 mi cuvelle and the
subsirate solution containing o-phenylenediamine and H,0, is added. The
extinction is measured against a substrate blank at 492 nm using a
spectrophotometer. The Gonozyme lest is further evaluated in Chapter 6.

3.3.2 DNA probes and Polymerase Chain Reaction (PCR)

In 1983, Tolten et al reported a DNA hybridization technigue for. demonsirating
gonocaccal DNA in samples obtained from patients using radio-labelled 2.6 mega
dalton (mD) gonococcal cryptic plasmid as a probe. Using this technigue, the
results were positive in 63 of the 71 (89%) cultlure-positive men, whereas none of
the 42 culture-negative men were positive. Most of the false negative resuits were
observed with gonococcal strains of a unique auxolype in which the cryplic plasmid
was absent [16]. In a refined version of this tesi, both the 2.6 mD and the 4.4 mD
cryptic plasmids were used as probes. This allowed nol only the detection of
gonococel, but also the identification of the PPNG [17]. Panke el al evaluated a
modified DNA probe assay (PACE 2, Gen-Probe, San Diego, USA) which required
only 2 hours lo investigate 469 cervical samples. In that assay, an acridinium ester-
fabelled single-stranded ONA probe complementary to rBNA of N. gonorrhosae
was used. The results in this study were compared with those of cullure using
samples obtained from 290 asymptomatic pregnant women ({gonorrhoeal
prevalence of 2%) and 179 symplomatic women ({gonorrhogal prevalence of
11.7%). In the 469 palients, the DNA probe test as compared with cullure had a
sensitivity of 88.9% and a specificity of 100%. The tesi appeared to be a suitable
alternalive for cuiture, especially in situalions where the problems of transport may
possibly result in the loss of viable N. gonorrhosae. Another advanlage is that a

single sample can be tesled both for N. gonorrhoeae antigen and for C. tracho-
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matis antigen. The tesl has not yet been evalualed for examining pharyngeal and
rectal samples or samples from children [18]. Cano et al evaluated an assay in
which a fluorescent oligonucieolide probe from a sequence from the plasmid
encoded gene cppB was used for detecting N. gonorrhoeae. A folal of 119
reference strains of N. gonorrhoeag including 8 without plasmids were investigated.
The results were positive in all strains. One hundred samples from urethra and
vagina of patients attending the clinic for STD were tested. From these, 31 samples
were posilive and 69 were negative in culture. All the 31 culture-positive samples
were also positive in the fluorescent DNA hybridization assay (sensitivity of 100%).
Three of the 89 cullure-negative samples were positive in the fluorescent DNA
hybridization assay (specificity of 95.8%) [19].

To date, few reports have been published on the use of the PCR for demonstrafing
N, gonorrhoeae. In the report by Ho et al, PCR was compared with cuiture for
investigating urethral and cervical samples from men and women. Thirty-four out of
the 52 samples were positive in culiure. The 34 culture-posilive samples were also
positive in PCR. An additional 2 samples were observed o be positive in PCR.
These 2 samples were cbserved lo be posilive using the confirmatory Gonozyme
test [20]
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3.3.3 Antibody detecting techniques
To date several serological tests have been developed for detecling gonorrhoea.
They comprise the presently obsolele complement fixation test and tests in which

pili are used as the antigen.

Complement Fixation Test

The Complement Fixation Test (CFT) was the first serological test to be used. In
this test, crude antigens prepared from whole cells of one or several gonococeal
strains were inilially used. The test was medified later and was generally used until
ten years ago [21]. The sensitivily of this test to delect an ongoing infection was
low: 2-5% for patients with uncomplicated infeclion and 16-30% for patients with
complicated infection. Therefore, the test was no longer considered to be of clinical
value [22].

Tests in which pili are used as antigen

The most successful newer tests are the indirect Haemagglutination Assay (IHA),
the Enzyme-Linked Immunosorbent Assay (ELISA) and the Radioimmuno Assay
(RA) in which gonocaccal pili are used as the antigen.

Oranje et al compared 3 serological tests for the delection of antibodies against
gonococei. In the ELISA and the IHA, gonococcal pili were used as the antigen,
whereas in the complement fixation iest (CFT), whole gonococci were used as the
antigen. In the sera from reconvalescent patients with a culture-proven gonococcal
infection, the ELISA and the IHA had a sensilivity of 53 % and 54 % respectively in
women and 41 % and 50 % respectively in men. In these groups the CFT had a
sensilivily of 22 % and 14 % respeclively. The sensilivity of these tests was the
highest in palients with oropharyngeal gonorrthoea (96 % and 75 %} or with
complicated gonococcal infections (89 % and 100 %) {23}.

The indirect haemagglutination test in which gonococcal pili were used as the
antigen was extensively evaluated by Reiman et al. Among others, lhey
investigated 1376 patients for gonorrhoea (from these, 386 were observed to sulter
from gonorrhoea), 1384 heallthy individuals and 54 patients with meningococcal
infections. The indirect haemagglutination test was observed lo have a higher
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sensitivity than the CFT. Using the CFT, 8 % (men) and 11 % (women) of the
patients with an ongoing cullure-proven gonorrhoea were observed {0 bo
seropositive, whereas 51% (men) and 88% (women) were observed to be positive
using the indirect haemagglulination test. They concluded that in the indirect
hasmagglutination test, a non-specific positive test resuit was rare. The test resull
remained positive in 50% of the cullure-negative pattents who had suffered from
gonorrhosa in the past {22]. The same test was used by Duncan et al in a sero-
epidemiological study of gonorrhosa in Ethiopian women. They observed
gonococcatl antibodies in 54% of the women with no clinical evidence of gonococceal
infection [24].

Mieitinen et al. modified the ELISA in which gonococcal pili was used as the
antigen o investigate the distribution of IgM, 1gG and IgA antibodies. The
determination of the class of anlibodies in this test was accompanied by a severe
loss in sensitivity. Therefore, this did not lead {o an improvement of this lest for its
use in ¢linical diagnosis because of the fow overall deteclion rale [25]. Roberison et
al used the ELISA with gonococcal pili as the antigen to investigate whether
infertile women with tuba obstruction had a higher incidence of aniibodies against
gonococeal pili. A very low percentage (2-5%) of the sera from both the test group
and the control group were observed to be positive for antibodies against gonococ-
cal pili indicating that gonococci did not play a major role in the eliology of tuba
obstruction [28}. In 1988, the same authors reported positive results with the same
test in 32 % of women with eclopic pregnancy which was significantly higher than 4
% in women with intrauterine pregnancy. According fo the authors the reiationship
between eclopic pregnancy and anii-gonococcal antibodies indicated a role of
gonococcal infeclion in the etiology of ectopic pregnancy [27].

Western Blot Assay

The Western Blot Assay has been used thus far mainly to investigate the antibody
response to gonococcal antigens in an attempt to delineate those anligens which
may be suilable for deveioping a vaccine.

Aoun et al noted the absence of antibodies against a 70 kD group-specific antigen

of Neisseria in the sera of palients with a primary or a recurrent gonococcal
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infection and the presence of these anlibodies in the sera of healthy controls who
never experienced a gonococcal infection. Meningococcal carriage often induces
anti-70 kD antibodies in children. it was shown that people with first or repealed
gonococeal infections frequently lack anti-70 kD antibodies. The authors proposed
the hypothesis thal anti-70 kD anfibodies could offer proteciion against N.
gonorrhoeae [28]. Damarco de Hormache et al described a surface oligosaccharide
anligen, the so-called epitope C which was the targel anfigen in bactericidal
reactions of N. gonorrhoeae by monoclonal antibodies and complement. This
epitope was present in fresh isolates of N. gonorrhiceae, but absent in strains which
were tepeatedly cultured in vitro. In the western blot, it was observed that
antibodies against epitope C were present in 80% of the 51 patients with
gonacoccal infections. None of the sera from 271 healthy controls contained
antibodies against epitope C, although they contained antibodies 1o other
fipopolysaccharide (LPS) determinants. The authors concluded thal epitope C is
expressed in vivo in humans and that it is anligenic. The efficacy of epitope C as a
protective immuncgen as suggested by the authors has lo be investigated further
[29].
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3.4 LABORATORY TECHNIQUES IN THE DIAGNOSIS OF INFECTIONS WITH
HERPES SIMPLEX VIRUS
3.4.1 Antigen detecting techniques
Direct identification in patient material
An infection with herpes simplex virus (HSV) induces several changes in the cell:
ballooning degeneration, fusion of infected cefls into multinucleated giant cells, and
the formation of intranuclear inclusions. These changes ¢an ba visualised in palient
material after cytological staining as in the Tzanck test. In this lest, scrapings from
the base of vesicles, pustules or erosions are smeared onto a glass siide and air-
dried. The material is fixed in methanol and stained with a cylological stain. The
staining of the smear is simple and rapid (within minutes) bul experience is needed
for the reading. The test can be used for diagnosis of varicella zostervirus (VZV) or
HSV, but the two viruses cannol be distinguished from each other. The lest can be
very helpiut in siluations requiring a rapid answer whether a lesion is herpetic or
not f1,2].
Eleclron and immuno-electron microscopy can be used for a rapid (within hours})
identification of herpes virus in suspected lesions. These techniques can be used in
life-thréalening situations as in immuno-compromised palients, neopatal HSV
infections or neonatal varicella. Using negative staining a sensitivity of 80 % was
reached. Using colloidal gold immuno-eleciron micrascopy on concentrated virus
preparations a sensitivity of 95 % was observed [3]. The latter lechnique allows a
dislinction between HSV and VZV.

Culture of HSV

The presence of HSV can be demonstraled by culture on monolayers of cells.
Various types of cells {i.e. human embryonic lung fibroblasts (Hel), Vero cells and
Hep-2 celis) have been used to culture HSV. Herpes simplex virus causes a
characteristic cytopathogenic efiect (CPE): swelling and rounding of infecled celis
and formation of polynuclear giant cells (syncitia). The cells die and become
detached from the surface. These phenomena are characleristic for HSV and
usually start in several areas of the cell monolayer, The CPE indicates the
presence of HSV. The speed with which CPE occurs depends on the type of the
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virus and the type of the host cells that are used. Samples obtained from a herpes
lesion at an early slage {blislers or ulcers thal are less than 4 days old) contain
more virus parlicles and are positive more often than samples oblained from
lesions {ulcers and crustae) that are older than 4 days. With virus-containing
samples, CPE usually occurs belween 2 and 6 days [4].

The sensilivity of the culture methed and the speed of demenstration of HSV were
improved considerably by centrifuging the samples onio monclayers prior to cuiture
and staining the infected cells wilh labelled-MoAbs against HS8V. Using this
procedure, 65-100% of the positive samples can be identified within 48 hours {5-7].
Gleaves el al reporied that 22 samples out of 98 ifresh samples showed CPE aiter
6 days using the convenlional cullure method. With the centrifugation and MoAb
staining technique, 23 out of the 98 samples were observed fo be positive within 16
hours after inocufation. This showed that the time required to detect the virus was
shoriened considerably without any reduction in the sensitivity {5]. At present, this
technique is commonly used. The virus can be typed by staining one-half of the
cover slip with anti-HSV-1 MoAb and the other hali with anti-HSV-2 MoAb.

Cther confirmatory methods used lo establish the presence of HSV in cullures
were an ELISA-technique [8] or a fluorescenl delection techinique with fluorescein-

fabelled Helix pomatia lectin [9].

ELISA methods for the detection of HSV

One of the first ELISA system that was used to detect HSV antigen in patient
samples was developed by Land et al. They used commercially available rabbit
antibodies to HSV-1 (Rlgal}) and HSV-2 (Rigo2?) in a capture ELISA. The
antibodies were adsorbed to separate wells of a tray. Samples of palients were
added. Then, peroxidase-conjugated rabbit antibodies lo HSV types 1 and 2 were
added. Afler adding the substrate the optical density was measured at 490 nm. The
assay could be completed within 5 hours. According to the authors, this ELISA
method allowed the simultaneous delection and typing of HSV antigen [10]. The
capture principle was used in several commercially available ELISA kits: the
Dakopatt ELISA (Dako, Denmark) [11,12], the Ortho HSV ELISA (Crtho, USA) [12-
14] and the HERPCHEK ELISA {Du Pont Co., USA) [15). Slightly different ELISA
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syslems are the IDEIA (Novo Norddisk) [16,17] and the one developed by Clayton
[18]). I is not possible to distinguish between HSV-1 and HSV-2 infections with the
tatter kils.

In the Abbott ELISA for HSV delection {Abboll, USA} pretreated polystyrene beads
are used as the solid phase. This tes is evaluated and discussed in Chapler 8.

3.4.2 DNA detecting methods

In 1989, Cao et al demonstrated HSV-DNA among DNA exiracted ifrom paraffin
embedded skin biopsies from 7 patients with HSV infections using the polymerase
chain reaction (PCR). No such DNA was detected among DNA exiracted ifrom 3
normal skin biopsies and 1 herpes zoster lesion [19}.

The PCR was also tested using samples oblained ifrom the genitalia. Hardy et al
observed positive results in all 8 samples from which HSV had also been isclated.
The results of the PCR were also posilive in all 4 patients with herpes labialis from
whom HSV-1 had been isolaled [20]. Cone et al investigated a totai of 4 relapsing
episodes of herpes genitalis infeclions in 3 women. Duiing each ¢pisode in these
patients, daily samples during a period of 10 days were obtained for the PCR and
the cultlure. The culture remained positive for an average of 2.6 days, whereas the
PCR remained positive for an average of 6.8 days. Fifteen out of the 17 samples of
HSV lesions at the ulcer stage were positive in the PCR, whereas 3 out of the 17
samples were positive in the culture. From the results of that study, it appeared
that the PCR was superior to the culture for detecting HSV in the lesions at an
advanced stage [21]. Rogers et af investigaled a large number of patienis with
herpes genitalis. A total of 79 samples from women undergoing rouline examination
for HSV ware tested. The results of both the PCR and the culture were posilive in
32 samples, whereas the results of both were negative in 40 samples. Six samples
were posilive in the PCR, and negalive in the culture. One sample was posilive in
the culiure, but negative in the PCR. There was no satisfactory explanation for the
latter observation. However, the resulis of the PCR using the supernatant from the
culiure of the same sample were positive [22].

Pliparinen et al developed a method for detecting and typing HSV simultanecusly
by using a primer pair from the HSV-DNA polymerase coding genes. Using this
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method, 30 samples out of a total of 31 samples were typed correctly {23].

Brice et al demonstrated HSV-DNA in 9 out of the 13 skin biopsies obtained from
patients with herpes-associated Erythema Exsudativum Multiforme (EEM) and in 6
out of the 9 patients with idiopathic EEM [24], Using the PCR technique, Miura et al
demonsirated HSV-DNA in 5 biopsies from skin lesions in patients with relapsed
HSV infections. In that study, HSV was demonstraled in 5 out of the 8 biopsies
cbiained from palients wilh HSV-associated EEM [25],

The PCR was also used in the "non-invasive" diagnosis of HSV-encephalilis fo
detect HSV-DNA in the liquor. Positive results were observed as early as 2 days
after the onset of neurological symptoms in 9 out of the 10 palients with confirmed
HSV-encephaliis. The resulls in all the 12 conlrols were negative {26]. Similar
results were also reporied in two other studies [27,28]. Aurelius et al used PCR for
extensive investligations into the presence of HSV-DNA in 151 liquors obtained from
43 palients. The results were positive in 42 patients, whereas the results in ali 60
liquors from controls were negalive. The only patient in whom the resulls were
negative had received prior therapy. The resulis in 270 conlrols, in which liquor was
replaced by buifer and which were invesligated to check for internal contaminatfon
were negative [29]. Kimura ef al used the PCR to detect HSV-DNA in samples
oblained from the mouth, the skin and liquor of 7 necnates with HSV infection.
Three of the infants had disseminated infections, 2 had infections in lhe central
nervous system and 2 had local skin, eye and mouth (SEM) infections. HSV-1 was
isofated from all bul one patient, but in whom like the others, the PCR result was
positive. No false- positive results were observed in the controls [30].

At present, commaercial kits for routine screening are either unavailable or have not
yet been sufficiently evaluated. However, it is expected thal such kits would
become available in the near future. By using a closed system, it appears that the
inilial problems of contamination in the PGR have been satisfaclorily resolved.

3.4.3 Antibody detecting methods

Traditionally, serological technigues have occupied a valuable place in the dia-
gnosis of HSV infections. The inilial test for recognizing anti-HSV antibodies was
the complement fixation test. Other tests are neutralization tests and immunoas-
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says like indirect immunofiuorescence. Newer tests are the Western Blot Analysis
{WBA) and the Dot Immunobinding Assay (DIA). However, serological tests are
mainly used to complement other lests such as virus cullures. In cases in which
the isolation of the virus is not or no longer possible, HSV infeclion can only be
eslablished by means of antibody determination [31-33}. This offers the possibility
to distinguish between a primary and a recurrent infection, but a distinction
between HEV-1 or HSV-2 infection is not possible with the traditional serological
tests for HSV. The distinction beiween HSV-1 and HSV-2 infection is desirable for
the following reasons:

1. For the prognosis: HSV-2 infections often recur genitally, whereas HSV-1 infec-
tions rarely recur genitally [34].

2. For epidemiological purposes.

3. For the screening of HSV-2-positive pregnant women or their pariners to idenify
neonates at risk of herpes neonatalis.

Since there is 50% homology between the genomes of HSV-1 and HSV-2, the
virions have many determinants which could cause cross-reaclions. This hampers
the development of type-specific immunoassays. Therefore, the possibilities 1o
demonsirate HSV type-specific aniibodies are limited. The most widely used
methods are based on demonsirating a difference in the neutralizing antibodies
against HSV-1 and HSV-2, Such tests have fow sensilivilty, padicularly if antibodies

against both HSV types are present.

Complement Fixation Test

The complement fixation test (CFT) is a non-slandardized test in which self-
prepared crude antigens are mostly used. In the commercially available CFT, the
Simplex-2 lest (Gene Link, Austraiia) HSV-2 AG-4 early antigen is used. Under
optimum laboralory conditions, the sensitivity was 87% and the specificity was 80-
94% for sera collecled between 14 and 28 days after the onset of the symplems
from patients with a culture-proven primary or recurrent infeclion [35]. However, in
routine use, the sensitivity and specificily are presumably much lower, but precise
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data are not available. The CFT is used for demonstrating an increase in HSV an-
tibodies, but the test cannot be used to detect type-specific antibodies [36].

Neutralization test

Neulralizing antibodies are able to inhibit the growth of virus in cultured cells in
vitro. Such antibodies may be detecled by ihe plaque reduction test or the micro-
neutralization test in which a constant quantity of virus and various concentrations
of serum are used. The highest ditution of serum which resulls in 50% raduction of
the cytopathogenic effect is the serum litre in the neutralization assay.

In the plagque reduction test the monolayer is covered with agar and the virus can
only spread from cell to cell producing the plaques. The monolayers are stained
and the plaques are counlaed macroscopically. The litre is the highest serum dilution
which produces a 50% reduclion in the plagues. This lest has been scarcely used
for HSV-infections. This test has besen mainly used to distinguish between HSV-1
and HSV-2 infections by incubaling HSV-1 and HSV-2 cullures with serial dilulions
of serum from the patients. The fitres of the neulralizing antibodies to HSV-1 and
HSV-2 are used to calculate the Rawl's index which indicates the lype of the
infecting virus [37]. Before the introduction of type-specific tests such as the
Weslern blot or tests with glycoprotein G, the neutralizing test was used as the
standard fo evaluate other tests. Of the 220 sera with HSV-2 anlibodies in
Woestern blot, only 106 (48%) were sero-typed correclly using the micro-neutralizing

assay [38]. Virus neutralization tests are very Jaborious and time-consuming.

Immunoassays

Immunofluorescent tests are performed on HSV-infected cells fixed to glass slides.
Antibodies which bind {o viral antigens after overlaying the monoclayer with serum
from patients are delected with an anti-lgG (or anti-lgM)} conjugate. Several tesls
are commercially available. Advantages are the possibilily to detect low levels of
anti-HSV antibodies and the possibility to dislinguish between IgM and IgG
antibodies by the proper choice of the conjugate. The laller possibility allows io
distinguish between early and recurrent Infections. The litres obtained with the

immunofluorescent lests are similar to those obtained by neutralizing tests [31]. In
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immunofiuorescence tests, both lype-common and iype-specific antibodies are
detected. Therefore, these tests cannot be used to distinguish between HSV-1 and
HSV-2 infections [39].

Crude viral anligen has baen used in a radioimmunoassay (RIA) and a solid phase
enzyme immunoassay (EIA) {40,41]. Although these tests are more sensitive than
the micro-neutralization test, they have not been evaluated further. Both tests are
useless for identifying type-specific antibodies {42).

Western Blot Assay

Extracts of cell cultures which have been infected with HSV-1 or HSV-2 are loaded
on a polyacrylamide gel. After electrophoresis (SDS-PAGE), the (glyco)proteins are
transfarred to a nitrocellulose membrane (blofling). The membrane is cut into strips,
which are incubaled with the serum of a patient suftering irom an HSV infection.
Antibodies from this serum bind to the antigen(s) of the virus on the nitrocellulose
strip and are made visible by staining, usually afler incubation with an enzyme-
conjugate and the subslrale for the enzyme. The serum anlibodies react with both
the structural viral proteins and with virus-induced ceflular proteins [43,44]. The
band pattern that is obtained can be analyzed further using a densitometer [45].
For HS8V-2, a few type-specific bands can be detected. These bands correspond lo
the polypeptides of glycoprotein G2 (gG2) or ils precursors [46-49]. Similar
polypeptides of glycoprolein G1 (9G1} have been reporled for HSV-1 using
moneclonal aniibodies (MoAbs) [50). The weslern blot anaiysis for the detection of
antibodies to HSV is described in delail in Chapter 8.

Glycoprotein G

The HSV-2 type-specific gG2 (92kD) can be purified by affinity chromatography
using either Helix pomatia lectin columns or columns loaded with anli-gG2 MoAb.,
The HSV-1 type-specific gG1 can be purilied only with gG1 MoAb-foaded columns
[60]. Recenlly gG1 and gG2 were expressed in recombinant-baculovirus-infected
insect celis {51] and E.coff [52]. The type specific glycoproleins Gt and G2 have
heen be used as anligens in various test systems such as EJA or DIA [46,50].
These tests are specific, but antibodies against gG appear late in infection. A
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disadvantage is that {he best resulls are observed with sera obtained from patienis
with recurrent infection or sera taken laler than two weeks after the onset of clinical

symptoms. Tesls based on the use of gG2 are described in detail in Chapter 8.
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CHAPTER 4

SOLID-PHASE ENZYME IMMUNOASSAY FOR DETECTION OF
CHLAMYDIA TRACHOMATIS






Abstract

The prototype of a solid-phase enzyme immunoassay for the detection of Chia-
mydia frachomalis anligen was lested in 403 men and 135 women altending a
venereal disease clinic. Culture on Hela 229 cells was used as reference method.
In men the overall sensilivily and specifity of the enzyme immunoassay was 70%
and 98.5% respeclively. In the 158 men with non-gonococcal urethrilis the
sensitivilty and specifily was 73% and 96.5% respectively, in the 31 men with post-
gonococcal urethritis 82% and 100%, in the 48 men with gonococcal urethritis 67%
and 100%, in the 125 men with discharge but normal urinary sediment 54% and
99.1% and in the 41 men with no signs or symptoms 50% and 100%.

In women the sensitivity and specifily of the assay was 70% and 92% respeciively.
On account of the low degree of sensitivily in both men and women and the low
degree of specifity in women the prototype of the enzyme immunoassay is not yel

considered suitable for clinical use. An improved model is being developed.

Introduction

Although genital infections causes by Chlamydia trachomatis seem o occur no less
frequently than genital gonococcal infections and to give rise to complications as
frequently, considsrably less atiention is paid to them. This can partly be attributed
o the expensive and lime-consuming methods required for culture of Chlamydia
trachomalis [1). Recently, two rapid methods based on antigen detection were
developed for the diagnosis of Chlamydia trachomatis infection. One methed uses
fluorescein-tabelled monoclonal antibodies against Chlamydia trachomalis. The
other method, a solid-phase enzyme immunoassay, is similar to an enzyme
immunoassay developed for detection of gonococeal antigen [2-5} but in contrast to
the latter assay has not yel been evaluated extensively. In a recenl study an
enzyme immunoassay was used to delect Chlamydia lrachomatis infection in men
and women attending a venereal disease clinic [6].

This study presents the results obtained with the prototype of a solid-phase enzyme
immunoassay for the detection of non-compficated urethral infections in men and
cervical infections in women caused by Chiamydia lrachomatis, using convenlional

cell cultlure as reference methed.
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Materials and Methods

Patients. Of the 403 men examined 158 were suffering fom non-gonoceceal
urethritis, 31 from post-gonococecal urethritis and 48 from gonococcal urethrisi. The
criterion for diagnosis of urethritis was the presence of more than 10 leuco-
cylesflield (magnification 250 x) in the sediment of the first 10-15 ml of urine
collected when the patient had not voided for 4h or longer. The presence of
discharge in 125 men withoul this increase in leucocyle count was not regarded as
urethrilis, however no early morning smears were performed in these men. Forly-
one men had no signs or symptomns at all. The 135 women examined were
screened regularly for sexually transmissible diseases al an oulpalient clinic.
Samples. In men the samples were taken from the urethra and in women from the
endocervix. All samples were collacted between November 1983 and June 1984.
Samples were ftaken for the following: culture for Neisserfa gonorrhoeae,
gramstained smear (if possible}, culture for Chlamydia trachomatis, and the
enzyme immumnoassay. The samples for the culture were taken with the aid of a
metal-shafted cotionwool-lipped swab moistened in 0.2 M sucrose phosphale buffer
containing 25 pg/ml gentamicin and 2.5 pg/ml amphotericin. The swab was inserled
into the urethra in men and the endocervix in women, rotated for a few seconds
then replaced in 2 sucrose phosphate (2 SP) transport medium. The samples were
slored in liquid nitrogen until processed. Plaslic-shafted cottonwool-tipped swabs
were used for colleclion of samples for the enzyme immunoassay, as
recommended by the manufaclurer. The swabs were placed in a tube with 100 pl
of storage buffer (Abbott). The wbes were kept at 4° C and processed within three
days.

Cuiture. Chlamydiae were cullured on monolayers of Hela 229 cells seeded on
coverslips in flat-boltom tubes. The full-grown monolayer was prerinsed with 30
pg/ml DEAE dexiran in Hank's balanced salt solution. Then, 250 ml of the carefully
vorlexed sample was added to two flat-bottom tubes and centrifuged for 1 h at
2700 X g. After drawing off the sample malerial the tubes were incubated for three
days at 37° C with compleie glucose medium confaining 25 pg/mi gentamicin, 25
pg/mi vancomycin and 2.5 pg/ml ampholericin. After fixation and Giemsa slaining

the coverslips were screened for inclusion bodies using darkfield Mumination at a
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magnificalion of 250 times. The ftal-boltom lubes for subpassage were
subsequenily sonicaled al a frequency of 10 kHz for 10 sec and 250 pi of the
materials was transferred to a fresh monolayer. Cultures were considered positive if
one or more inclusions were observed in primary or passaged monolayers.

Solid-Phase Enzyme immunoassay. The assay was a non-marketed research

prototype for deteclion of Chlamydia trachomalis antigen. One mi of dilution buffer
(Abbott) was added (o the tube with the sample. After incubation for 10 min at
room temperatuse ihe contents of the tubes were carefully mixed on the Vorlex in
three cycles of 15 sec. The liquid was expressed from the swabs by rolating and
pressing the tip of the swab against the wall of the tube. Sample material (200 pl)
was introduced into the wells of plastic plates. One positive and three negative
controls were tested simullaneously. A bead, pretreated to permit absorption of
Chlamydia irachomatis anligen on the surface, was added to each well. The wells
were covered with adhesive seals, and the plates incubated for 45 min in an 37° G
water bath. Afler a washing procedure which consisted of three rinsings with
distilied water using a pentawasher (Abbott), 200 pl of antibody preparation (rabbit)
and then 200 pl of conjugate (goat horseradish peroxidase conjugaled antibody to
rabbit immunoglobulin G) were added. Each step was followed by incubation and
the washing procedure described abbove. The beads were then transferred to 5 ml
cuveltes, 300 ul of substrate (orthopenylene diamine with H,0,) added, and the
cuveties incubated for 30 min at room lemperature. The reaction was stopped by
adding 1 ml of N H,S0,. This resulted in a yellow colour change in samples
containing Chiamydia trachomalis antigen. After mixing, lhe colour intensily was
read at 492 nm on a Quantum spectropholomelric analyzer against a substrate
blank. Test results with an extinction value of 0.100 QD plus the average of
negalive controls were regarded as positive.

Statistical Analysis. The sensitivity, specifity and predictive value of a posilive and

negative test result were calculaled by the method of Vecchio [7]). The results of
the enzyme immunoassay were compared with the combined results of cullure and
subculture.
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Results.

The results of the enzyme immunoassay and cullure are shown in Table 1. In men
both tests were paosilive in 53 of 403 palients; culture only was positive in 23
palients and enzyme immunoassay only in five palienis. When the men were
divided into groups according to symploms and signs, the number of positive
resulis obtained by culiure was consistently higher than thal obtained by enzyme
immunoassay, although in some calegories too few specimens were tested to
make firm conclusions. In women both tests were posilive in 16 of 135

Table 1: Detection of Chlamydia trachomalis by enzyme immunoassay and culture
in various patient groups.

Assay + Assay - Assay + | Assay -

Patient group N[ Cullure +] Culture + Cullure - | Cullure -
Men
Nen-gonococal

urethritis 158 32 12 4 110
Post-gonococcal

urethrilis 31 9 2 0 20
Gonococeal

urethritis 48 4 2 0 42
Discharge, no ab-

normalities in

sediment 125 7 6 i it1
No signs or symp-

toms 4 1 1 0 38
Total men 403 53 23 5 322
Women 135 16 7 9 103

cervical samples; culture only was posilive in seven women and enzyme immu-
noassay only in nine.

The prevalence of a positive Chlamydia trachomalis culture, the sensitivity, specifity
and prediclive value of a positive and negalive result of the enzyme immunoassay
versus cullure and subculture are given in Table 2. The sensilivity of the enzyme
immuncassay was 70% in both men and women, and ranged from 50% to 82% in

the various groups of men, with large 95% confidence
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Table 2: Prevalence of a positive Chlamydia bachomalis culture, sensitivily,
specifity and predictive value of a posilive and negative resull of the enzyme
immunoassay versus ctlture and subculture in various patient groups (95% confi-
dence limits in parenthesis}.

Patient N{ Prev. Sensi Speci- PPV NPV
group pos. tivity ficity {%) (%)
culf. (%) {%)
(%)
Men
Non-gono- 158 279 73 96.5 89 88.7
coccal uret- (21.0- {57.2- (91.3- {73.9- {83.5-
hiilis 35.5) 85.0) 99.0) 96.6} 94.8)
Post-gono- 31 35.5 82 100 100 91
coccal uret- (19.2- (48.2- (83.2- (66.4- (70.8-
hritis 54.6) 97.7} 100) 100} 98.9)
Gonococeal 48 12.5 67 100 100 86
ure- (4.7 (22.3- (91.6- (39.8- (84.5-
thritis 25.3) 95.7) 100) 100) 99.4)
Discharge, 125 10.4 54 99.1 88 94.4
no abnor- (5.7- (25.1- (95.3- (48.2- (89.2-
malities in 17.1) 80.8) 100} 99.7) 98.1)
sediment
No signs or 41 4.9 50 100 100 98
symptoms (0.6- {1.4- (91.0- (0- (87.3-
16.5) 98.7) 100) 100) 99.9)
Total men 403 18.9 70 98.5 9N 93.6
(15.2- (58.1- {96.6- (81.0- (90.4-
23.0) 79.8) 99,5 97.1) 95.9)
Women 135 i7.0 70 92.1 64 93.6
(11.1- (47.4- (85.3- (42.5- {87.3-
24.5) 86.8) 96.3) 82.0) 897.4)

intervals. The highest sensilivily was reached in groups with the highest prevalence
of positive cultures,

The overall specifity was 98.5% in men and 92% in women. In men the specifity in
the various groups varied from 96.5% to 100%. The lowest value was obseved in
men with non-specific urethritis. The prediclive value of a posilive enzyme immu-

noassay result was notably low in women,
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Discussion

The sensitivity of the enzyme immunoassay in the various groups of men with
signs and symptoms of urethritis varied from 87% to 82%. The specifily In these
groups vatied from 98.5% to 100%. in women the sensitivity and specifity was 70%
and 92.1% respectively. Using the same test Jones et al. [6] found a sensitivily of
81% and a specifity of 98% in a group of men and women with urethritis and
cervicitis.

The ranges of the 95% confidence limit in Table 2 are large. To narrow these
ranges more posilive patients would have to be examined. The prevaience of a
positive Chlamydia trachomatis culture in male patients suffering from non-specific
urethritis, gonococcal urethritis and in particular post-gonococcal urethritis was
rather low (Table 2} but does not differ from previous findings in simitar patients
(unpublished data).

The sensilivily of the enzyme immunoassay for detection of Chlamydia irachomalis
was lower than thal of an enzyme immunoassay for delection of gonococcal
antigen [2-5] which is already used roulinely. In women the specifity of the enzyme
immunoassay for Chlamydia trachomalis was much lower than the spscifity of the
enzyme immunoassay for Neisseria gonorrheae. Apart from an  enzyme
immuncassay which delects antigen, immunofluorescence tesls with labelled
monoclonal antibodies can also be used for rapid diagnosis of chlamydial
infections. With the latter method Tam et al. [8] obtained a sensitivily of 93% and a
specifity of 86% using culture on McCoy cells as reference method. In our
experience, however, this tesl involves highly monolonous work for taboratory staff
in a dark room. Provided an enzyme immunoassay with a higher sensitivity and -
notably for women- a higher specifity can be developed, il would be preferable fo
an immunofluorescence test as it permits the screening of large numbers of
samples.

An improved model of the enzyme immunoassay is at present under evaluation.
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CHAPTER 5

EXPERIENCE WITH A SOLID PHASE ENZYME IMMUNOQOASSAY
FOR THE DETECTION OF NON-COMPLICATED CERVICAL
INFECTION IN WOMEN CAUSED BY
CHLAMYDIA TRACHOMATIS.






Abstract

To evaluate the usefulness of a solid phase enzyme immmunocassay for diagnosis
of cervical chlamydial infections, samples of 246 women were lested using the
assay and cell cultures. The overall sensitivily of the assay was 67% and specility
was 92.4%,

When the patienls were classified into groups according io the semiquantitative
leucocyte score (0-4) the highes! prevalence of Chlamydia-positive culture (21.3%)
and the highest sensitivity (77%) were found in patients with score 3-4. The mean
absorbance in the assay was higher, and a higher percentage sirong posilive
cultures was found in culture positive samples of patients with leucocyle score 3-4.
The sensitivity of the immunoassay was 54% in samples with chiamydial culture
with less than 20 inclusions per slide. Therefore this enzyme immunoassay failed to
detect chlamydial infections in nearly the half of the patients with a low load of

chlamydial antigen.

Introduction

During the past decade more atlention has been paid lo genital infections caused
by Chlamydia trachomalis. In women the uncomplicated chlamydial genital
infections can occur without any symptems but the sequelae may be serious;
endometritis, acute or chronic salpangitis, and perihepatitis. Salpingilis is associ-
ated with an increased risk of inferdility and eclopic pregnancy due to post-
infections damage to the fallopian twbes [1).

Genial infections due lo Chamydia trachomatis can cause major diagnosiic
problems. Most physicians have no facilities to culture Chlamydia lrachomalis. The
culture methods also have some serious disadvantages such as being faborious,
expensive and lime consuming. Technical problems in fransporiation and in culiure
methods can lead 1o false negative results, Men with symptoms of non-specitic
urethvilis can be treated effectively with antibictics against Chlamydia trachomalis.
But in women usually with none of only sublle clinical manifestations, the diagnosis
of chlamydial infection is more difficult [2,3].

Rapid diagnostlic test which detect chlamydial antigens without the need to culture
the organism may provide an effective fool for the early detection and subsequent
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control of genilal infections caused by Chlamydia trachomalis and to prevent
complications by this microorganism. In the past, a rapid method using fluoresceine
labelled monoclonal antibodies was introduced to identify Chlamydia frachornatis
elementary bodies in genilal smears [4-6]. A second rapid method for detection
Chiamydia trachomalis anligen is a solid phase enzyme immunoassay [7-11]. In
this sludy 246 women atlending the University Hospital's venereology outpatient
department were screened for Chlamydia trachomalis infection using two diiferent
methods. The results obtained using a rapid solid phase enzyme immunoassay [7-

11] were compared 1o those obtained using a convenlional cell cullure technique.

Materials and Methods

Patients. Two hundred and forty six women, visiting the ouipalient depariment for
sexually fransmissible diseases were examined. Cervical samples were collected
from symptomatic as well as asymptomatic patients and from female contacts of
males with non-specific urethritis. Patienls were classified in various groups as
follows: a. the semiquantative leucocyle number in the Gramstained cervical smear;
b. age, and c. the outcome of the gonococcal cullure.

Samples. In addition o the samples from the cervix for Neisseria gonorrhoeae
cullure and a Gram-siain smear, two separate samples were collected. The first
was used to culture Chiamydia trachomatis and the second was used lo perform
the solid-phase enzyme immunoassay. The samples for the cuilture were laken
aHler cleaning the portio from superfiuous mucous with a metal shafted coltonwool-
tipped swab. The swab was rotated in the endocervix for several seconds and then
placed in a vial containing 2.0 ml of 0.2 M sucrose phosphate buifer (2 SP)
containing 25 pg/ml gentamicin and 2.5 pg/ml amphotericin, The samples were
stored in liquid nilrogen until processed. Plastic shaft swabs as recommended by
the supplier (Abbott, USA) were used to obtain samples for the solid-phase enzyme
immunoassay using the same technique and placed in a fube containing 0.1 mi
specimen storage reagent (Abbotl). All specimen were stored al 4° C and
processed within 72 hours.

Cell-culture. Samples for cullure were mixed on a Vortex mixer and 250 ! of the

diluted sample was inoculaied into duplicate flal boltomn tubes containing DEAE
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dextran pretreated full grown Hela 228 monolayers on coverslips. The tubes were
cenlrifuged for one hour at 2700 x g. After three days incubalion at 37° C one
coverslip was fixed and slained according to Giemsa, The whole coverslip was
examined for inclusion bodies using darkfield iliumination. Coverslips containing at
least one inclusion were considerd to be positive. If more than 20 inclusions were
observed in the coverlips of the first passage, the culture was considered to be
strongly positive. To perform a second passage the duplicate culture was sonicated
and 250 yl of the diluled sample was inoculated onio a fresh monolayer.

Solid Phase Enzyme Immmunoassay. The assay was an experimental research
prototype for the detection of Chlamydia frachomalis antigen (Abbolt). Prior to the
assay T ml Chiamydiazyme specimen dilution buffer (Abbott} was added to each

tube containing a swab with patient material. After incubation for 10 minutes at
room temperature the tube was mixed on a Vortex mixer for three cycles of 15
seconds. The swab was rotaled and pressed against the wall of the wbe to
squeeze out the excess fluid which was discarded. Two hundred microliter of
sample malerial, positive and negative conlrols, were plated into the wells of a
plastic tray. To each well, a bead was then added and the iray was incubaled for
45 minutes in a waterbath at 37°C. After rinsing 200 pl of an polyclonal rabbit anti-
chlamydia-antibody preparation was added to each well. After incubation for 45
minutes at 37°C and rinsing, 200 pi of goat horseradish peroxidase-conjugated
antibedy immunoglobulin G was added. After incubation for 45 minutes at 37°C
followed by rinsing, the beads were transferred to 5 ml cuvettes. The reaction was
developed by the addition of 300 pl of the substrate (Orthophenylens diamine with
H,O,). After incubation at room femperature for 30 minutes, the reaction was
stopped by the additon of tml of N H,8C,. The absorbance was read al 492 nm on
a Quantum spectrophotomelter (Abbott). The cut-off point of a positive test was set
at an optical densily {OD) of 0.100 plus the mean absorbance observed in the
three negative controls.

Statisticat analysis. The Fisher's exact test and the Mann Whitney U test are used

lo determine slatistical significance.
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Resuilts

When the pafients were classified info groups according to the semi-quaniative
leucocyte score (0-4) in the Gram stained cervical smear, the concordant and
discordant results belween enzyme immunoassay and culture are shown in Table
1. The results of both deteclion methods were positive in 24 of the 246 patients,
Culture was exclusively positive in 12 patients, enzyme immunoassay in 16

patients.

Table 1. The detection of Chlamydia trachomatis by enzyme immunoassay and cell
culture and resuits of gonococcal culture in relation to leucocyle score,

C. trachomaltis N.go-

norrf.

Assay Assay Assay Assay Culture

Leuco- pos. pos. neg. neg. pos.
cyte Culture Culture | Culiure | Culture
score” N pos. neg. pos. neg.
0 28 2 3 2 19
1 82 5 5 3 69

2 77 7 3 4 63 8

3 48 6 4 3 35 11

4 13 4 1 0 8 3

Overall 248 24 18 12 194 25

results

*

0 = no leucocytes per field
1 = 1-5 leucocytes per field
2 = 6-10 leucocytes per field
3=1
4 =

1-20 leucocytes per field
20 leucocytes per field

The prevalences of positive chlamydial and gonococcal cultures are shown in Table
2, For these subgroups the sensitivily and the specifity of the enzyme
immunoassay versus culture and subculture expressed in percentages are also
shown in Table 2,
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In patients with a relatively low leucocyte number (0-2) in the Gram stained smear,
the prevalence of a chlamydia-positive culture was 12.4% and the
prevalence of a posilive gonococeal culture was 6%. In this group the sensitivity

Table 2. The prevalence of positive culiures for Chlamydia trachomatis and Neisse-
ria gonorrhoeae, and the sensitivily and the specifity of the enzyme immunoassay
as compared to celf culiure of Chlamydia frachomalis.

Prevalence pos. culture EIA C. trachomatis
Leucocyle | C. trachoma- | N. gonor- sensitivity specifity
score | fis rhoeae (%) {%)
{%) (%)

0] ib.4 0 50 86.4

1 9.8 3.7 62.5 93.2

2 14.3 10.4 63.6 895.5

3 188 229 66.7 89.7

4 30.8 231 © 100 88.9

Overall result 14.8 10.2 67 924

of the enzyme immunoassay as compared [o culture was 61%.

In culure-positive patients with a leucocyle score of 0-2, the percenlage of strongly
positive cultures was 21.7. The mean absorbance in the enzyme immunoassay was
0.344,

In patients with a relatively high leucocyle number (3-4), the prevalence of a
chlamydial positive culiure was 21.3% (not significant). The prevalence of a positive
gonococcal cullure was 23% (significant, P = 0.004). The sensitivity of the assay
was 77% {nol significant) for this group.

In culture-positive patients with a leucocyte score of 3-4, the percentage of sirongly
positive cullures was 38.5% (not significant). The mean absorbance in the enzyme
immunoassay was 1.144 (significant, P = 0.183),

In patients who were positive for Neisseria gonorrhoeae culture, the prevalence of
a posilive chlamydial culture was 24% (Table 3). In this group the sensitivily

of the enzyme immunoassay as compared 1o cell culiure was 50% and the specifity
was 84.2%.
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Table 3. Results of cullure for C.trachomalis and sensitivily and specifity of the
enzyme tmmunoassay versus culture in patients with positive of negative cullure for
N.gonorthoeae.

Culiure for C. trachomatis
N. gonorrhoeae
results of culture results of assay
prevalence sensitivity specifity
% {no.} % {no.) % (no.)
Positive 24 50 84.2
(6/25) (3/6) (16/18)
Negalive 13.6 70 93.2
(30/221) (21/30) (178191}

In patients with a negative culfure for Neisseria gonorrhoeae the prevalence of a
chlamydia-positive cullure was 13.6%, lhe sensitivily was 70% and the specifity
was 93.2%.

In Table 4 the relationship between age and lhe prevalence of Chlamydia fra-
chomalis and Neisseria gonorrhoeae is shown. in the younger age group (£ 25
years) the prevalence of Chlamydia trachomalis was much higher {24.2%) as
compared to the prevalence of Neisseria gonorrhoeae (13.7%). For both Chlamydia
irachomalis and Neisseria gonorrhoeae, the highest prevalences were observed in
the younger age groups. There was lillle difference in the sensitivity and specifity of

the enzyme immunocassay in the two age groups.

Table 4. Prevalence of positive cultures for C.trachomatlis and N.gonorrhoeag and
results of the enzyme immunoassay in two age groups,

Prevalence Results assay versus
Age culture
(822:2) N N.gonorrthosae | C.trachomatis sensitivity specifity
% (no.) % (no.) % (no.) % {no.)
<25 95 13.7 24.2 69.6 91.7
{13/95) (23/95) {16/23) (66/72)
=25 151 7.9 8.6 61.5 g2.8
(12/151) (13/151) (8/13) (128/138)

In six patienis a mucopurulent cervical discharge was observed. Of these patients
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one was positive both for chlamydial and gonococcal culture.

Of the nine known contacts of males with nonspecific urethritis two (22%) were
positive for cullure of Neissera gonorrhceae and three (33%) for Chlamydia
trachomatis.

Twenty-six patients had less than 20 inclusions in the first slide of the Chlamydia
frachomatis-culture. Fourteen of these 26 (64%) were positive in the enzyme
immunoassay. Ten palients had a strong positive culture for Chlamydia trachomatis
{more than 20 inclusions in the coverslip of the firsl passage). All of them (100%)
were posilive in the solid phase immunoassay. This difference was stalistically
significant (P = 0.02).

Discussion

In this study the overall sensilivity of the solid phase enzyme immunoassay as
compared fo cell cullure was 67% and specifiticy was 92.4% with a prevalence of
14.6%.

Using the same immunoassay Jones et al {7] cbserved a sensitivily of 81% and a
specility of 98% in a group of men and women with urethritis and cervicitis.

Moi [9] observed a sensilivity of 86.3% and a specifily of 94.7% for the Chla-
mydiazyme in males. Pathier {1)} observed in 417 specimens from females with a
low disease prevalence (8.1%) a sensitivity of 91.2% and a specifity of 96.6% as
compared to cell culture. Cullures in all three studies were stained wilh iodine. In a
previous study [11] the highesl prevalences (125 - 27.9%) and the highest
sensitivities (67-82%) for this enzyme immunoassay were observed in men with
uretivritis (more than 10 lsucocytes in the sediment of the first voided urineg). In men
without urethritis, the prevalence varied from 4.9 to 10.4% and the sensitivities from
50 to 54%.

When the resulls of this study were classified info the semiquaniative leucocyte
score in lhe Gram-stained cervical smears, the highest prevalences (18.8% -
30.8%) and the highest sensilivilies (66.7 - 100%) were observed in women with a
leucocyle score of 3 to 4. These groups also showed the highesl numbers of
strong positive culiures {38%) and the highest mean absorbance (1.144) in the
immunoassay. These results suggest that the antigen [oad in patients with
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leucocyte score of 3 to 4 is higher than that in pafients with leucocyte score of 0 to
2.

When the patients were classified in subgroups according to the outcome of the
gonococcal culture, or according to their age, variations in the prevalence of
Chlamydia positive cuiture were found but no clear relationship between the preva-
lence and the sensitivity was observed.

In the patients with strongly positive chlamydial cultures (= 20 inclusfons per slide),
the sensitivily of the enzyme immunoassay was 100%. In patients with chlamydial
cultures with less than 20 inclusions per slide, the sensiliviy of the enzyme
immunoassay was 54%. Therefore the enzyme immunoassay failed to detect
chlamydial infections in nearly half of the patients with a low load of chlamydial
antigen.

For the evaluation of a new diagnostic technique it is extremely imporiant to have
also samples of patienls with less than severe chlamydial infection. Selection
criteria of patients can have inlluence on the sensitivity of this enzyme immunoas-
say. This variation ranged from 50% to 100% in the present siudy. Modification in
enzyme immunoassay of cell cullure can further influence the outcome of these

comparative studies.
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CHAPTER 6

EXPERIENCE WITH A MODIFIED SOLID-PHASE ENZYME
IMMUNQASSAY FOR DETECTION OF GONORRHOEA
IN PROSTITUTES






Abstract

The modified Gonozyme Test (Abbott Laboratories; Chicago, IL), a new enzyme
immunocassay for delection of Neisseria gonorrhoeae, was evaluated in lesting of
266 prostitules. When the enzyme immunoassay was used with material from the
cervix, the prevalence of gonorrhoea was 8.4%. As compared with culture resulls,
this rale represents a sensitivily of 88% and a specifily of 99.2%. A sensitivily of
71% and a specility 98.9% were regislered for lests of urethral material. In a
comparison of the two tests wilhout accepting either one as standard, the
sensitivity of the enzyme immunoassay was 90% for material rom the cervix and
the specifity was 100%. There are several possible causes for discordance
between results of culture and of enzyme immunoassay. The high predictive value
of a negative enzyme immunoassay in screening urogenital samples from pros-
fitules makes ihis tesl very suitable for rapid elimination of gonorrhoea from this

pool of patients.

introduction

Women are normally screened for gonorrhoea by making a Gram stain of material
from the cervix and urefiva and a culture of malerial from the cervix, urelhra,
recium and lonsils. The Gram slain has the advantage thal the outcome is
available very quickly. It is also specific, but its sensitivity, at best, is 65% [1]. A
culture is much more sensitive and more specific bul has the disadvantage thal the
result is nol available for at least 48 hr; this incubation time means a fairly long
interval between the first visil and trealment of the patient. For prostilutes in
particular, there is a need for rapid, sensitive, and specific test for gonorrhoea.

A previous publication [2] reported on the use of a solid-phase enzyme immu-
noassay (EIA} in a study of the prevalence of Neisseria gonorrhoeae antigen in
various groups of pafients atlending a sexually transmilted diseases {STD) clinic.
When the test was used wilh a group of 102 prostitutes, its sensilivily and specifity
appeared to be salisfactory. Due {0 the limited number of positive resuils, howsver,
the range of the 95% conlidence interval was rather large. In order to determine
more precisely, the diagnoslic value of both the EIA and culture was studied in a
larger group of prosfitutes. The importance of the EIA as an aid in detecling
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sources of gonorthoea among prostitutes is discussed on the basis of the resulis

obtained.

Patients and Methods
Patients examined
A group of 266 prostilutes atlending the outpatient clinic submitted 1o examinations

every lwo weeks. A lolal of 572 examinations were performed during a three month
period in 1983. The birthdate of all patients was recorded.

Collection of Spacimens

Specimens were collected from the urethra and endocervix. Sampling material from
the cervix was done with two colion wool-lipped plastic swabs. One swab was used
for EIA and one for culiure. To obtain cervical material, mucus was removed from
the cervix, and the swabs were rotated for several seconds in the endocervix. The
swabs were then removed, and care was faken {0 avoid contact with the vaginal
wall. Sampling of material from the urethra was done by use of wo cotlon wool-
tipped plastic swabs, one for the EIA and one for culture. The sampling sequence
of urethral and clinical specimens for EIA and culture was in accord with a list of
random numbers.

The swabs used for EIA were immersed in 0.2 ml of specimen storage agent
(Abbott Diagnostic Products GmbH, Wiesbaden, West Germany) and stored at 4 °C
for a period not exceeding five days. According to the manufaclurer, resulls of the
ElA are still reliable il the test is performed within this period.

Culture Procedure

The swab used for obtaining the cullure specimen was immediately inoculated onto
modified Thayer-Martin medium and onto chocolale agar. The plales were
incubated at 37 °C for two days in an almosphere containing 3-5% CO,. Gonococci
were identified by gram-staining and by sugar fermeniation tests.

Assay Procedure-

The Gonozyme diagnostic kit contains the following reagents: polystyrene beads
pretreated 1o facilitate adsorption of M.gonorrhoeae anligen; aniibodies to
N.gonorrhoeae obtained by injecling gonococeal strains into rabbits, the diversity of
the antibodies having been extended since the previous study [2] by injecling also
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antigens from gonccoccal strains isolated from patients with false-negalive results
in the Gonozyme test, the first prototype of this test; a goal anti-rabbit 1gG
horseradish conjugate; a posilive and a negalive control; specimen storage
solution; and specimen dilution buifer {Abbott). The subsirate in the enzyme
immunoassay was o-phenylenediamine, plus H,0,.

Before assay 1ml of dilution buffer {Abbott) was added to the iube conlaining the
swab with the clinical material. After 2-5 min the swab was shaken vigorously on a
vortex mixer for 15 sec, expressed, rotated against the wall of the tube in order to
remove excess fluid, and discarded. The beads were immersed in 0.2 mi of the
suspension in the wells of a tray. After immersion of the beads the tray was
covered with an adhesive seal and incubated for 45 min in a walerbath (37 °C). For
ramoval of unadsorbed material, the beads were then washed three limes in a total
volume of 15 ml of dislilled water with an Abbofl Pentawasher [I. Next, 0.2 mi of
antibody lo N.gonorrhoeae and 0.2 mi of anlibody-enzyme conjugate were added
consecutively to each well. Each step was followed by incubation of the tray and
washing as indicated. After the last washing each bead was transferred to a &5 mi
cuvelte, and 0.3 mi of freshly prepared subslrate was added. After incubation for
30 min at room temperalure {22 °C), the enzyme reaction was stopped by addition
of T mi of 1 N HCIi; the exfinclion was measured against a substrate blank on a
Quantum spectropholometric analyzer (at 492 nm). The cul-off point of a positive
test was sel at an OD of 0.19 plus the mean exiinction observed for three negative
controls.

Statistical Method

The X* method for independent samples was used for determination of the level of
significance. Sensitiviies, specifiies, and predictive values were calculated
according to the method of Vecchio [3]. In addition, the approach described by Hui
and Walter [4] was applied for estimation of the sensilivities and specifities of both
tests (EIA and culture) simullaneously without accepling either as standard. This
method was applied to cervical samples only. It required division of the subjects

into lwo subgroups according to objective criteria (age).
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Results
Concordant and discordant results between cullure and EIA are shown in Table 1.
Discordant results between culture and EIA were observed more oilen among

urethral than among cervical samples.

Table 1. Numbers of specimens with concordant and discordant results between
culture and Enzyme Immunoassay (EIA) for cervical, urethral, and cervical
and/or urethral specimens.

Result Cervix | Urethra Cervix and/or Urethra
Culture +, EIA + 44 25 47
Culture -, EIA + 4 6 6
Culture +, EIA - 6 10 6
Culture -, EIA - 518 531 513

The prevalence of positive cultures as well as the sensitivities, specifities, and the
prediclive values of the EIA as compared with cullure for specimens of various
origin are shown in Table 2. The prevalence of positive cultures was lower for the

urethral (6.1%) than for the cervical specimens {8.7%). The sensitivily of the

Table 2. Prevalences of posilive cultures, sensitivities en specifiics of Enzyme
immunoassay (EIA) vs. culture, and predictive values of positive and negative EIA.

Percentage (95 % Confidence Limits)

Measurement Cervix Urethra Cervix/Urethra
Prevaience of 8.7 (6.6-11.4) 6.1 (4.3-84) 9.3 {7.0-11.9)
positive cullure

Sensitivity of EIA | 88 (76-95) 71 (54-85) 89 (77-96)
Specificity of EIA | 99.2 (98.1-99.8) 98.9 (97.6-29.6) 98.8 (97.5-99.6}
Predictive value 92 (80-98) 81 (63-93) 89 (77-96)

of positive EIA

Predictive value 98.9 (97.5-99.6) 98.2 (96.6-99.1) 98.8 (97.5-89.6)
of negative EIA

EIA for cervical samples was 88% (95% confidence limits, 76-95%); the specifity
was 99.2% (95% confidence limits, 98.1-99.8%). The corresponding figures for
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urethral samples were 71% (54-85%) and 98.9% (97.6-99.6%). The figures
obtained when the results for cervical and urethral samples are combined hardly
differ fom the results with cervical specimens alone.

For assessment of the sensitivilies and specifiies of EIA and cullure without
accepling either as standard [4], women were divided into two groups on the basis
of age; one group was born between 1928 and 1955 (group 1), and the other was
born between 1956 and 1987 {group 2). Concordant and discordant resulis
between culture and EIA for cervical specimens for women of these age groups are

shown in Table 3.

Table 3. Concordant and discordant results between culture and Enzyme
Immunoassay (EIA) of cervical specimens from fwo age groups.

No. of specimens
Result Group 1 Group 2 ®
Culture +, EIA + 13 31
Culture -, EIA + 1 3
Culwre +, EIA - 2 4
Culure -, EIA - 254 264

'"Women born between 1928 and 1955
"Women born belween 1956 and 1967

As shown in Table 4, the prevalence of a posilive culiure among palients from
group 1 (5.6%) was aboul half the prevalence among patients from group 2
{11.6%). No significant differences in sensitivity and specifity of culture ({vs. EIA)
and EIA {vs. culture} were observed belween groups 1 and 2,

The difference in prevalence and the agreement of sensitiviies and specifities
between the two groups are essential conditons for the application of the

slatistical approach described by Hui and Walter [4]. If neither culture nor ElA is
used as the standard, sensitivities of both diagnostic methods equal 90% and

the equivalent specifities approach 100% (Table 5).
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Table 4. Prevalence of positive culture and sensitivities and specifities of culiure
and Enzyme Immunoassay (EIA): analysis of cervical specimens for two age
groups, with culiure or EJA as standard.

Percentage with Indicated Resull
Measuremenlt Group 1 Group 2
Prevalence of positive 5.6 11.6
cullure
Sensitivily* of posilive 93 91
culiure
Specifity* of culture 99.2 98.5
Sensilivityt of EIA 87 89
Specifityt of EIA 99.6 98.8

*With EIA as standard.
fWith culture as standard.

Table 5. Prevalence of gonorrhosa and sensitivities and specifitities of culture and
Enzyme Immunoassay (EiA), with neither culture nor EIA as slandard.

Measurement Percentage (95% Confidence Limits)
Prevalence of gonorrhoea group 1 5.9 (1.7-10.3)
Prevalence of gonorrhosa group 2 12.7 {(7.7-17.7)
Sensitivity of cuiture 90 (70-100)

Specifity of cullure 998 (97.4-100)
Sensilivity of EIA 90  (66-100)

Specifity of EIA 100 (98.3-100)

The influence of the sampling order of cervical and urethral specimens on results of
EIA and culture is shown in Table 6. For cervical specimens the sensilivity of the
EIA was 91% (95% confidence limits, 72-89%) if the sample was faken first, and
only 85% (66-96%) if the sample was taken second. For urelhral specimens the
sensitivity of the EIA was 88% (64-99%) if the sample was faken first, and only
56% {31-78%) if the sample was taken second. For cervical specimens the specifity
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of the EIA was 99.3% (85% confidence limits, 97.3-89.9%) if the sample was taken
firsl, and 99.2% (87.2-89.9%) if the sample was taken second. For urethral spe-
cimens the specifity of the EIA was 98.9% (96.9-99.8%) if the sample was taken
first, and 98.9% ({96.7-99.8%) if lhe sample was taken second. For both the
cervix and the urethra, use of the X® test showed that the differences observed

were not significant.

Table 6. Effect of sampling order of cervical and urethral specimens on the resulls
of culture and Enzyme Immunoassay (EIA).

Cult. + Cult. - | Cult. + Cult. -

Sample EIA + EiA + | EA - | EIA -
Cervix

EIA sample firs 21 2 2 264

Culture sample first 23 2 4 425
Urethra

ElA sampfe first 15 3 2 269

Culture sample first 10 3 8 262

*Number of specimens giving indicated result.

Cemvical samples from four palients were positive in the EIA but gave negative
cultures. The urethrat sample from one of these palients was positive in both EIA
and cullure. Another patient who was suspecied of having gonoccoccal adnexilis
sought treaiment elsewhere, and thus evaluation was impossible. Urethral samples
from six palienls were positive in the EIA only. Cervical samples from three of
these patients were positive in both EIA and culture. The remaining three patienls
had cervical samples negalive in both EA and culiure. Cervical specimens from six
patienis gave posilive cultures but negative EIA results. One of these women had a
positive result for both EIA and cullure of the urethral specimen.
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Discussion

On the basis of cervical cullures, the prevalence of gonorrhoea among the prosti-
lutes screened in this study was 8.7% {Table 2). in view of the regular check-ups
ondergone by these women, this prevalence is rather high.

For cervical samples the EiA showed a sensitivity of 88% and a specifity of 99.2%
(Table 2). The high prediclive value of a negative EIA {98.9%, Table 2} for cervical
samples makes this test very suilable for gonorrhoea screening of a group of pros-
titutes with a fairly high prevalence of gonorrhoea.

In the analysis of a new diagnostic fest for gonorrhoea, cullure for N. gonorrhoeae
is usually accepted as the standard; its sensitivily and specifity are taken to be
100%. By dividing the patients according to age into two populations with different
prevalences of positive cullures (Tables 3 and 4), it became possible to apply a
statistical model in which neither test served as standard [4]. According to this
model the sensilivity of culiure was 90% (95% confidence limits, 70-100%), while
the sensitivity of the EIA was also 80% (95% confidence limils, 6-100%,; Table 5).
th our study EIA was very sensitive and specific in comparison with culture (Table
5).

Aardoom et al. [2] used the EIA among a group of 102 prostilutes and obtained a
sensilivity of 92% {95% confidence limils, 62-100%) and a specifity of 97% (95%
confidence Jimits, 91-99%). Danielson et al.[5] found that the EIA had a sensitivity
of 1% and a specifity of 100% among a group of 150 women atlending a STD
clinic. These results were betler than those observed by others [6-8].

I our study we observed that, when sample malerial for the EIA was taken before
that for cuiture, the sensitivity of the EIA was higher. This observation applied more
to urethral than lo cervical samples (Table 6). However, the differences observed
were not slalistically significant (X? tast).

In & number of cases there was discordance between results of the EIA and resulls
of culture. Some patienis had a positive EIA and a negative cullure. This finding
could be the result of the presence of dead gonococci killed by previous use of
antibiotics or disinfectants. Or, the discrepancy might be altributable to cross-
reactions with other microorganisms or increased sensilivity of gonococci to antibi-

otics conlained in selective nulrient media. A negative EIA and positive culture
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might resull from a deficiency in the spectrum of the aniibodies coniained in the
EIA kit. On the other hand, it is conceivable that gonococcal anligen is masked by
the presence of local antibodies of the IgA type.

A major disadvantage of performing the EIA without cullure is the lack of insight
into the resistance of N.gonorrhoeae to anlibiotics, in particular a lack of insight into
the prevalence of flactamase-producing gonococci, However, rapid tesis hke the
EIA can be very important aids in counteracting dissemination of N.gonorrhoeae
because early identification of infected persons permits early treatment. This impor-
tance is even greater when such lesls are used for idenlification of promiscuous
carriers of gonococci, e.g., sex-club women and prostitules. Within the latler group
women who are posilive could be informed of the result on the day of the test and
be asked to refrain from work and to report nexi day for culture and treatment.
Indeed, in Rotlerdam the EIA is used in such a way. Enzyme immunoassay-
positive patients are tested again before treatment, and gonococcal cultures are

performed during this investigation.
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CHAPTER 7

EVALUATION OF AN ENZYME IMMUNOASSAY
FOR DETECTION OF HERPES SIMPLEX VIRUS ANTIGEN
IN GENITAL LESIONS






Abstract

To evaluale a non-marketed research prototype of a solid-phase enzyme im-
munoassay for delection of herpes simplex virus in genilal lesions, 154 clinical
specimens were collected from 127 men and 27 women with symptorns suggestive
of herpes simplex virus infeclion (erylhema, vesicles, ulcers and cruslae). The
samples were lested using the assay and cultures on four menolayers of human
embryonic Jung fibroblasts and Vero cells. When the cufture was used as
reference method, sensitivity was 76.9% and specifity 100% (prevalence 42.4%).
Comparison of resulls by patient group showed that sensilivity was highest in
malerial from pafients with vesicles and ulcers. The highest sensitivity was obtained
in specimens which developed a cytopathological effect within 48 h and in
specimens with three or four posilive cell cultures. These findings suggest that the
assay is more successful in specimens with high virug litres. The enzyme
immunoassay was found to be a rapid, moderalely sensitive, highly specific test for
delection of herpes simplex virus from genital lesions, but the usefulness of the

assay is limited and culiure methods should be preferred.

Introduction

The conventional culture method has so far been the most sensitive and specific
technique of detecting herpes simplex virus (HSV). In combination with immu-
noflucrescence using type specHic monoclonal antibodies the technique can be
used (o distinguish between HSV-1 and HSV-2. However, at least one day is
required before the cylopathogenic effect (CPE) becomes visible; in some cases
the culture only proves to be positive after as many as ten days due to the low
amount of virus in the inoculum. Thus there is a need for a rapid, sensitive and
specific diagnostic method. Immunofluorescence is very salisfaclory for confirming
culture results and for typing, however its sensitivity is too low lo warrant its use as
a direct test [1]. Several ELISA systems for direct HSV antigen detection have
been evaluated {2-8]. We evaluated a non-markeled research protolype of a

sandwich method EIA in patients with genital lesions suggestive of HSV infection.
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Materials and Methods

Patients. Clinical specimens were collected from genital lesions of 127 men and 27
women with symploms suggestive of HSV infection (erythema, ulcers, vesicles,
crustae} and symploms less suggestive of HSV (wounds, erosions).

Samples. The samples were laken with the aid of a dry cotlonwool-lipped plastic-
shafted swab by firmly rubbing the base of the lesion. Two samples were collecied
from each patient. The first sample {A) was placed in a Wbe containing * mi
transport medium (Abbotl, USA) and used for EIA and culture. The second sample
(B) was placed in a transport medium of the Regional Virological Laboratory,
Rotfterdam {3.5 ml Hanks salt solulion supplemented with 0.5% gelatin, gentamicin
and nystatin) and used for a second culture. The major difference belween the two
transport media was that the Abbott medium did not contain nyslatin. All samples
were slored at 4 “C for no longer than lhree days unlil processed.

Cullure. HSV was cultured on monolayers of human embryonic lung fibroblasls
{HEL) and Vero cells (Flow Laboratories, UK). After removal of the medium fluid
from the tubes 200 pl of the patient samples was inoculated for 2 h at 35° C. The
inoculum was then replaced by 1.5 ml maintenance medium (MEM-Hanks, Gibco)
and gentamicin, supplemanted with 5% fetal bovine serum and 1% newborn bovine
serum for HEL and Vero-cells respactively, and the lubes were incubated at 35 °C.
They were examined afler overnight incubation (or after two days on the weekend)
and then every two days for 14 days. In the case of a positive cullure the virus was
subtyped by indirect immunoflucrescence using type-specilic monoclonal antibodies
{Orthodiagnostics, Belgium).

Enzyme immunoassay. The EIA was a non-marketed research prototype (Abbott)
for delection of HSV antigen. The tubes conlaining the clinical samples were

shaken on the Vortex for 15 s. The excess fluid from the swab was removed by
pressing and rotating the swab against the side of the tube, whereupon the swab
was discarded. A polystyrene bead prefreated to permit adsomtion of HSV was
added to each well of a plastic plate and 200 pi of sample material was then
introduced into the wells, Three negative controls and a panet of four

positive controfs with the different antigen titres in duplicale were tested simulta-
neously. The wells were covered with adhesive seals and the plates were incu-
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bated for 120 min in a waler bath al 37 "C. After a washing procedure lhree
rinsings with distiled water using a pentawasher (Abbott), 200 pi antibody
preparation (rabbit) and then 200 pl conjugate (goat horseradish peroxidase-
conjugated antibody to rabbit immunoglobulin G} were added. Each step was
followed by incubation for B0 min in a water bath at 37 °C and the washing
procedure described above. The beads were then lransferred to 5 mi cuvettes; 300
pl substrate (orthophenylene diamine with H,0,) was added and the cuveltes were
incubated for 30 min at room temperaiure. The reaction was slopped by adding
1ml N H,50,. This resulled in a yellow colour change in samples conlaining HSV
aniigen. After mixing the colour intensity was read al 482 nm on a Quantum
spectrophotometric analyser (Abbott) against a substrate blank. Test results with an
absorbance value of 0.100 OD plus the average of negative conirols were regarded
as posilive.

Statistical Analysis, The sensitivity, specility and predictive value of a pesitive and a
negalive lest result were calculated by the method of Vecchio [7]. The EifA results

were compared with the culture resulls for samples A and B and with the combined

rasults.

Results

Comparing the EIA of sample A with the tissue culiure resulis of samples A and B
together, 50 of the total of 154 samples were positive both in the EIA and in cefi
cullure, and 15 were posilive only in cell culture (Table 1). Not a single sample was
positive in the EIA and negative in combined cell culture methods. For the entire
group this implied a sensitivity of 76.9% ({80% confidence fimits 66.71-85.1) and a
specility of 100% (85% confidence limits 96.63-100.00) (Table 2). The sensitivity of
the EIA in the 127 men was 79.6% (39/49) and that in the 27 women was 68.8%
(11/16). In the palient groups with various sympioms the sensitivity varied from
57.1% to 87.1%. The specifily was again 100% for all groups.
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Table 1: Detection of herpes simplex virus by enzyme immunoassay and culture in
1564 patients with various symptoms.

Assay pos. Assay neg. Assay neg.
Patient group N | Culure pos. | Culture pos. | Culture neg.
Men 127 39 10 78
Women 27 11 5 11
Erythema 41 11 7 23
Vasicles 12 7 2 3
Uicers 65 27 4 34
Cruslae 8 0 0 8
Other symp- 28 5 2 21
toms

Table 2: Prevalence of a positive herpes simplex virus culture, sensitivity, specifity
and predictive values of a positive and negative result of the enzyme immunoassay
versus cullure in various palient groups.

Patient Prevalence

group N | pos. culture Sensitivity | Specifity PPV NPV
Men 127 497127 39/49 78/78 39/39 | 78/88
Women 27 16127 11/16 11/11 11411 1118
Erythema 41 18/41 11/18 23/23 11711 23/30
Vesicles 12 g/12 719 33 77 35
Ulcers 65 31/65 27131 34/34 27127 | 34/38
Crustae 8 0/8 G/0 B8/8 0/0 8/8
Other 28 7/28 577 21/21 5/6 | 21/23

The results with samples A and B are listed in Table 3, Of the sample A cultures
51 proved positive; 8 of these weare missed by the EIA (sensitivily 84.3%). Four
samples were false pesilive in the EIA {specificity 95.9%), however, these proved

to be positive in the sample B culiures from the same patients.
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Table 3: EIA resulls compared with cell cuiture results in two separale samples
transported in a commercial medium nolt containing nystatin (Sample A) and a
medium of the Regional Virological Laboratory, Roiterdam (Sample B).

N EiA+ ElA- ElA+ ElA- | Preva- Sensi- Specifity
Cult+ Cult+ Cult- Cult- | lence tivily

A | 149 43 8 4 94 34.2% 84.3% 95.5%

(61/148) | (43/51) | (94/98)

B[ 150 46 12 o g2 38.7% 79.3% 100%

(58/150) | (46/58) (92/92)

On comparison with culture results for sample B, the sensitivity of the EJA was
79.3% and the specifity 100%.

HSV-1 was isolated in tissue culture from 11 of the total 65 positive cullures and
HSV- 2 from 54. The EIA was positive for HSV-1 in 10 (sensitivity 91%) and for
HSV-2 in 40 instances (sensitivity 74%). The lissue cultures were studied for CPE
over a period of 14 days. After two days 41.5% of the positive cultures showed a
CPE, alter three days 65%, after four days 85% and after five days 92%. HSV-1
was cullured for an average of 4.6 days before a CPE occurred, and HSV-2 for an
average of 2.9 days. In Table 4 the sensitivity of the EIA is related to the number of
days required for the cullure to show a CPE.

For HSV-2 , 24 cultures were posilive afler two days. Of these, two were missed
by the EIA (sensitivily 91.7%). In 30 positive cullures three or more

Table 4: Relationship belween number of days until cyfopathological effect {CPE)
develops in tissue culture and EIA sensilivity for HSV iypes 1 and 2.

HsV Number of EIA pos ElA neg Sensitivity
lype days for CPE Cult pos Cult pos
Type 1 1st + 2nd day 3 0 3/3 (100%)
> 3 days 7 1 7/8 { 88%)
Type 2 1st + 2nd day 22 2 22/24 (92%}
2 3 days 19 i1 19/30 (63%)})
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Table 5: Relationship between number of positive cell cultures of the four cell
cultures started per patient sample and the EIA results.

Number posi- Number % of EIA pos ElA neg | Sensiti-
tive cultures total Cull neg Cult pos | vily EIA
1 5 8 3 2 60%
2 20 31 i1 9 55%
3 8 14 6 2 75%
4 32 48 30 2 4%

days were required before a CPE was observed; 11 were missed by the EIA
(sensilivity 63.3%).

In Table 5 the sensitivity of the EIA is relaled to the number of positive cultures

per patient. For samples wilh 1 and 2 positive cultures the sensitivity was 60%

and 55% respectively, while for samples with 3 and 4 posilive cultures the sen-
sitivity was 75% and 93% respectively. For samples from vesicles on average 3.6
of the 4 cultures were positive; the corresponding figure samples from ulcers and

erylhema was 3.0 and 2.6 respeclively.

Discussion

Other investigators [2-6] have already evaluated several ELISA systems for direct
detection of H3V antigen and the first resulis were very promising. Vestergaard [2]
reported 97% agreement with cullure results. Land (3], using commercially
available antibodies against HSV in a personnally developed ELISA system,
altained 34% sensilivily and 93% spegifily in 4567 samples from palients.

Using a commercial ELISA system (Orthodiagnostics), Morgan [4] attained 72.3%
sensllivily and 100% specifity in 263 samples from symplomatic patients. Using the
same lest, Warlord [5] obtained poor results with cervical samples from
asymptomatic women allending an obslelric oul-palient clinic. Sensitivity in this
sludy was 40-44% and many false-positive test results were obtained. Warford's
resulls with skin lesions were befler. Using the same ELISA sysiem, Sewell [6]
altained 69.7% sensilivity and 93.3% specifity in 136 samples from palients with
suspected HSV infections. In this last study the EIA (Orthodiagnostics) was found
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to be more sensitive in clinical samples which rapidly developed a CPE in the
culture. In our study using a non-marketed research prototype of an ELISA for HSV
anfigen, lhe sensitivity of the EIA was 76.9% in relalion to the combined cullure
results with samples A and B, and the specifily 100%. In routine works, however,
an additional sample is rarely used. The first swab, which was placed in Abbotl's
transport medium, was found to yield fewer posilive resulfis than the medium of the
Regional Virological Laboratory. The number of women in our study was too small
to warranl conclusions on the sensitivity of the EIA in this group. The same applies
for the groups with vesicles and crustae and the group with other symptoms. A
striking fact is that HSV was cultured from 7 of the 21 patients with less obvious
lesions. The sensilivity of the EiA was highest in patients with ulcers (87%). As
ulcers may pose more diagnostic problems than vesicles, a rapid diagnostic ftest
could be useful in such cases. HSV-1 was found in 11 patients, however to deter-
mine the sensitivity of the tesl for type 1, a larger group of patients with HSV-1
would have to be studied.

in this study we used iwo criteria to eslimate roughly the amount of virus antigen:
the first was the speed with which the cell cultures developed a CPE, and the
second was the number out of a tolal of four tissue cultures showing a CPE. These
variables are however influenced by virus characterislics, such as rate of growth
and preference for a particular cell typs. In the samples containing more virus
parlicles according io the above ciiteria, the EIA gave distinctly better test resulls.
New diagnostic lests should also be evalualed in patient samples containing only
little antigen. A disadvaniage of the EIA method is that it is not possible o perform
further lests to differentiate between HSV-1 and HSV-2 since the virus is not
isolated. The lower sensilivily in comparison with the cullure method is another
disadvantage which would be of particular importance in palients suffering from
serious herpelic infeclions. Although not applicable to the non-commarcial protelype
studied here, the advantages of the EIA method in general are the low cost in
comparison with culture, the speed of the test in which results can be known within
six hours, and the tact that less quallified laboratory personnel can perform the lest.
In conclusion, the usefulness of the non-commercial prototype we tested would
appear to be limited and culture methods are still to be preferred.
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CHAPTER 8

EVALUATION OF A DOT IMMUNOBINDING ASSAY FOR
DETECTION OF
HERPES SIMPLEX VIRUS ANTIBODIES






Abstract,

To evaluate the value of a dot immunobinding assay (DIA) using glycoprotein G
from herpes simplex virus type 2 (HSV-2) for detection of anti-HSV-2 antibodies in
sera of 219 patients, the sera were tested using the DIA and Weslern Biot
Analyses (WBA), The highest number of positive resuits were observed in pafients
with recurreni episodes. From 44 patienls with recurrent HSV-2 infection, 39 (88%)
were positive in the DIA and 41 {93%) were positive in WBA. In 82 sera of patients
with HSV-2 infections 1-5 weeks alter onsel, the sensilivities of both assays were
much lower: 40% for WBA and 20% for DIA. Fifly sera from schoolchildren reacted
neither in WBA nor in DIA to detect HSV-2 antibodies. In 47 palients with early
genital or extragenital HSV-1 infections, six were positive for HSV-2 anfibodies in
WBA and three in DIA. The majority (4/6) of the discordant results occurred in
palients with genital lesions. In 19 patients with recurrent HSV-1 infection, one
serum reacted in DIA and WBA. From 13 patients with recurrent herpes labialis two
sera reacted in DIA and in WBA. In conclusion the DIA using glycoprotein G of
HSV-2 is very useful for rapidly testing large numbers of sera for HSV-2 antibodies.

fn both assays, the best results were obtained in patients with recurrent episodes.

Introduction

Herpes simplex virus {(HSV) can cause lesions al many difierent siles. In 80% of
lhe cases, genilal lesions are caused by herpes simplex virus type 2 {HSV-2),
whereas lesions located elsewhere on the body are usually caused by herpes
simplex virus type 1 (HSV-1). However, the nature and the location of the lesions
provide insufficient informalion for dislinguishing between the two types which
requires isolation and typing of the virus. In order to establish whether a patient has
ever been infecled the detection of type-specific antibodies would be useful. The
twe viruses have a 50% homology in their genome so that they have similar
antigenic determinants. For ihis reason, it is difficult to develop immunological
assays which can be used to distinguish circulating antibodies against HSV-1 from
circulating  antibodies against HSV-2, The methods most commonly used 10
distinguish the two types of antibodies are based on the difference in liters of
neulrafizing antibodies against the two types {Rawl's index) [1]. Virus neutralization
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tests are very laborious. The sensitivity and the specifity of such tests are iow,
especially when anlibodies againsl bolh virus types are present in the same
patient. Neither the complement-fixation test (CF) nor the immunofiuorescence test
can be used to detect type-specific antibodies. However, the complement-lixation
lest in combination with immunofiuorescence teslt for IgM antibodies is very useful
for distinguishing between early and recurrent infections. Western Blot analysis has
been discribed by several authors [2-7], and is more useful for demonstrating
antibodies to HSV-2. In 1984, a previously described HSV-2 induced glycoprotein G
{glycoprotein G2} with a molecular weigth of 92 KD {8] was identified as a HSV-2-
specific protein [9, 10]. This protein, purified using immuno-afiinity cofumns or
columns containing helix pormatia leclin can be used in various serologic assays
[6,7,11-13]. in the present repor, ouwr results with the WBA and the DIA using helix
pomatia {HPA)-lectin column puwified glycoproisin G2 as antigen are described.
Sera from patients in whom cultures for HSV-1 or HSV-2 were posilive and sera

from controfs were lested in these two assays.

Patients and Methods

Palients. If possible acute phase sera and reconvalescence sera were obtained
from patients with culture posilive HSV-1 and HSV-2 infections. The patients wilh
HSV-2 infections were divided in two groups. Group A consisted of 41 patients with
early infections. A patient was recorded as having an early infection if a
seroconversion was eilher measured in the complement-fixation test for HSV, or no
seroconversion was measured but igM antibodies were present. Group B consisted
of 44 patients with late infections. A palient was recorded as having a lale infection
if the patient either had a history of recurrent episodes with HSV or HSV anlibodies
were present in complement-fixation test, but no seroconversion and no igM
antibodies were detected. Sera of 66 patients with cullure posilive HSV-1
infections, sera of 12 patienls with recurrent herpes labialis and sera of 19 patients
with Varicella zostervirus infections were tesled. The conltrol group consisted of 50
schoolchildren between the age of 6-10 years, hecause HSV-2 infections would be
unlikely at this age.

Anligen preparations. HEp2- cells were grown in Optimem medium (Gibco, UK)
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supplemented with 4% fetal bovine serum and 1% glutamine. Hep-2 cells were
maintained in Optimem supplemented wilh 2% fetal bovine serum and 1%
glutamine. Semi-confluent monolayers in 75 cm? plastic flasks were infected with
HSV-1 of HSV-2 (5-10 piufcell) isolaled from two palients. When cylopathogenic
effect was observed in 75% of the cells (for HSV-1 after approximately 24h, for
HSV-2 after approximately 72h), the cells were scraped into the medium,
centrifuged for 10 min at 500 x g and washed three times with cold phos-phate-
buffered saline (PBS, pH 7.2). The pellet was then resuspended in 0.6 ml PBS per
flask and the protein concentralion was measured (Biorad protein assay
microprocedure}. The suspension was pelleted again. For WBA [2,3] the pellet was
resuspended in elecirophoresis sample buffer (ESB) containing 1% Sodium dodecyl
sulphate (SDS8), 1% mercaploethanol, 0.0625 M Tris, 10% glycerol, 0.001%
bromphenct blue at a final protein concentralion of 700-1000 pg/ml, boiled for 10
min and stored at -80 °C uniil use. For immunodotting {14} the pellet was
resuspended in 4 mi 1% Triton X100 in Tris-buffered saline {TBS) pH 7.5. After
extraction in the cold for 10 min, the suspension was centrifuged for 80 min at
100,00 x g at 4 °C. The supernatant was stored at -80 °C unlil use. Mock infected
cells were treated in the same way.

Western Blot Analysis. The frozen HSV- and Mock infected cell-lysates in ESB

were thawed and lcaded onto a 9% disconlinous  pelyacrylamide gel containing
0.1% S0S and cross-inked with 0.23% methylenbisacrylamide [2,3].  After
electrophoresis, the proteins were transferred onto nitrocellutose (NC) sheets. Dried
NG sheets were stored at -20 °C

Lectin_affinity chromatography. Helix pomatia Lectin-Sepharose 6MB  columns
{Pharmacia, Sweden) in 2 ml plastic syringes (bed volume 1ml} with a filter paper
(pr 3, Whatman, England) on the boftom were washed with 10 bed volumes
starting buffer (1% Triton X100 in TBS containing 0.15M NaCl, 0.02M Tris, pH 7.5).
One mi of the thawed HSV-1, HSV-2 or control antigen was added and incubated
for 15 min at room temparature. After incubation, the non-bound glycoproleins were
washed away with 10 bed volumes of starling buffer. The bound glycoproteins were
eluated with 5mM N-acetylgalactosamine (Sigma, USA) in the same buffer [11-15].
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Fractions of 0.05 ml were collected and iractions 2 and 3 were poocled and stored
in glass ampules at -80 C. One 4 of the eluate of HSV-1, HSV-2 and Mock infec-
ted cells was placed on NC strips of about 7 x 50 mm. The strips were dried
overnight at room lemperature and used immediately or stored at -20 °C.

Enzyme assay. Nitrocellulose strips for WBA and NC strips carrying the HPA lectin-
purilied antigens for DIA were incubated together with 10 ml blocking buffer (PBS
pH 7.2 with 5% goat serum and 5% non-fal dried milk) during 10 min at room
lemperature on a rotating platform. The 100 ul of lest sertum was added and
incubation was continued overnight at room temperature. Therealier, the slrips
were washed three times for 5 min in washing buffer (PBS pH 7.2, 0.05% Tween-
20). Alkaline phosphatase-conjugated rabbit anti-human IgG (Dakopatts, Denmark]},
in blocking buffer was added and the sirips were incubated for 2 h at room
temperaiure on a rolaling platform. Slrips were washed four limes with washing
buifer, after which the strips were rinsed with substrate buffer (0.1M Tris, 0.1M
NaCl, 50mM MgCI2) and stgined with Nilrobiute Tetrazolium Chloride (NBT) and 5-
bromo-4-chloro-3-indolyl  phosphate {BCIP, p- toluidine sall) (Bethesda Research
Laboratories  Life Technologies, USA) for approximately 20 min at room
temperature. The slrips were dried overnight before they were read [6,16]. For DIA,
a reaction was regarded to be positive for HSV-2 antibodies when a purple dot was
visible where the HSV-2 antigen had been dotied. For WBA, a blot was regarded to
be positive for HSV-2 anlibodies when the 92 KD band in the HSV-2 antigen lane

was visible.
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Results.
To demonsirate the reaction pafterns in WBA and DIA, some results oblained with

sera from patients with either early or recuirent HSV-1 or HSV-2 infeclions are
shown in Figures 1 and 2. Sera from patients with eilher recurrent HSV-1 or HSV-2
infeclions reacled strongly with many HSV-1 and HSV-2 proleins in a WBA (Figure
1, slrips 1, 2 and 6). Only weak or no reactions were delected with sera from

patients with early HSV-2 infections (Figure 1, sirips 3, 4, 5).

_pdo

p3_o ) >

Figure 1. Western Blot Analysis. Stip 1 and 2: palienis with recurrent HSV-2
infections. Strips 3-5: patients with early HSV-2 infections (21, 18, 26 days after the
onsel respectively). Strip 6: patient with recurrent HSV-1 infeciion,

1 = HSV-1 antigen, 2 = HSV-2 anligen, C = Conlrol antigen

arrows left: glycoprotein G2 (92K), proteing P40 and P30 are indicated.

arrows right: molecular weight markers are indicated
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Figure 2. Dot Immunobinding Assay. SI = acule phase serum, Sl = reconva-
lescence serum, C = control antigen, 1 = HSV-1 antigen, 2 = HSV-2 antigen.
Palient A: early infection with HSV-2. Patient B: recurrent infection with HSV-2,
Patient C: early infection with HSV-1. Patient D: recurrent infection with HSV-1,

However, in a serum from a palient with recurrent episodes of HSV-1 infection, no
reaction could be demonstrated with a 92 KD glycoprotein of HSV-2 (Figure 1, strip
6). This giycoprotein is known to be the HSV-2 type-specific glycoprotein G2 [5] In
order lo facilitale easy screening of sera for ithe presence of HSV-2-specific
antibodies, glycoprotein G2 was isolated by affinity chromatography on Helix
pomatia Sepharose 6 MB columns. Others have shown thal chromatography of
extracts of HSV-1 in Helix pomatia columns led to the purification of glycoprotein C
of molecular weighl 125-130 KD [11, 13}. Glycoprotein C from HSV-1 carries type-
common anligenic determinants. Purified glycoprotein G2 from HSV-2, glycoprotein
G from HSV-1, and control cell exiracls were used for a DIA. Sera from palients
with either HSV-1 or HSV-2 infeclions reacted with the lype-common HSV-1
glycoprotein C {Fig 2, A-D), but only sera from pafients with HSV-2 infections
reacted with the type-specific HSV-2 glycoprotein G2 (Figure 2, A and B). No

reactions were detected with control antigens.
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Sera taken one to five weeks afier the onset of clinical sympioms from patients
with early HSV-2 infections and from patients with recurrent infections were tested
in WBA and DIA. The resulis are presented in Table 1. In Table 1, the differences
in reactivily between sera from patients with late and early infections are shown. in
93% of the cases, sera from patients with late HSV-2 infections reacted in the WBA
with the 92 KD protein and in 89% of the cases in the DIA with purified glycoprotein
G2. Patients with early infeclions showed a lower reactivity: 40% reacted in WBA,
20% reacted in DIA, but there was a tendency for additional reactions if a longer
period has elapsed between the onset of clinical symptoms and the date the serum
was taken. Some patients developed anti-glycoprotein G2 anlibodies only after 3-5
weeks, whereas olhers did not develop anli-glycoprotein G2 antfbodies at that
moment. The same sera were used for the resulls presented in Table 2. From 40
sera with a reciprocal titer in CF <4, 8 (20%) reacted in WBA and 4 {10%) in DIA.
From the 42 sera with a reciprocal liter in CF 28, 25 (60%) reacted with glycopro-
tein G2 in WBA and 12 (29%) in DIA.

In order to evaluate the specifity of the WBA and the DIA, sera f{rom palients
with HSV-1 or VZV infections and sera from schoolchildren were tested.

Table 1: Results of 82 sera from 41 palienis with early HSV-2 infections and in 44
sera of 44 patients with late HSV-2 infections using WBA and DIA.

patient group N WBA DIA
HSV-2 posilive gG2 positive
(%) (%)

Early infection
weok 1 35 8 (17%) 3 {9%)
week 2 17 8 (47%) 5 (29%)
3-5 weeks 30 19 {83%}) 8 {(27%)
Total 82 33 {40%) 16 (20%)
Late infection 44 41 (93%) 39 (89%)
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Table 2: Results of 41 acute phase and 41 reconvalescence sera obtained from 41
patients with early HSV-2 infection using WBA and DIA. The same sera were
divided according 1o the reciprocal titer in CF <4 or 2 8.

Serum N WBA HSV-2 positive DIA HSV-2 positive

{%) (%)
Acute Phase 41 7 (17%) 5 (12%)
Reconvalescence 41 26 {63%) 11 (27%)
CF<4 40 8 (20%) 4 (10%)
CFz28 42 25 (60%) 12 (29%)
Total 82 33 (40%) 16 (20%)

Table 3: Resulis of the sera from palients with genital or extragenital HSV-1
infections, in patients with recurrent herpes labialis, in schoolchildren, and in
patients with Varicella Zoster virus infection using WBA and DIA.

Palient group N WBA HSV-2 posilive DIA HSV-2 posilive
{%) (%)

HSV-1 infection 66 7 {(11%) 4 ( 6%)

Recurrent

herpes labialis 13 2 (15%) 2 (15%)

Schoolchildren 50 0 ( 0%} 0 { 0%)

Varicella Zoster 19 0 (0%) 0 { 0%

The results are shown in Table 3. There were no cross-reaclions with sera from
schoolchildren and sera from palients with VZV infection. However, seven patients
with culture posilive HSV-1 infection and two patients with recurrent herpes iabialis
reacted with glycoprotein G2. The results of the patients with discordant serology
are presented in Table 4. In a number of cases, a history of HSV-2 infeclion could
not be tolally excluded.
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Table 4: Discordant results using WBA and dot immunobinding assay in pafienis
with genital of extragenital HSV-1 infection and patients with recurrent herpes
labialis.

Patient Age WBA Dot Clinical Cui-
nr years | HS8V-2 | 92K information ture
Genital or extragenital HSV-1 infection
54 22 + - m’, urethral vesicles HSV-1
241 6 + - %, stomalilis HSV-1
248 18 + + f, vulvar ulcerations HSV-1
252 21 + - f, vulvar vesicles HSV-1
254 61 + + {, herpes labialis, TPHA + HS8V-1
257 22 + + f, vulvar ulcerations HEV-1
53 19 + + f, vulvar vesicles HSV-1
Recurrent herpes labialis
149 26 + + f, rec.h.lab¥h.gen* n.d.
152 24 + + f. rec.h.lab n.d.
'm = male
% = female

rec.h.lab = recurrent herpes labialis
‘rec.h.gen = recurrent herpes genitalis
n.d. = not done

Discussion

Western Blot Anaiysis has been described by several authors [2-6] and is more
successful for identifying antibodies against HSV-2 then virus neutralization and
ptague reduction tests. However, a lot of sera reacled with HSV-1 and HSV-2 on
NC strips in WBA. in the cases of alypical reaction patierns, sera had to be
absorbed with HSV-1 and HSV-2 anligens. Ashley et al [5] used a quantalive
method by weighing the cul-out tracings from scanning densitometry. However,
using this method it was difficult to distinguish between sera containing HSV-1
antibodies and sera conlaining dual antibodies. In qualitative sense, densitometry
was found to be uselful in identifying the band corresponding to the HSV-2-specific
glycoprotein G2 in the presence of HSV-1 antfbody, Purified glycoprotein G2 can
be used in glycoprotein G2-specific assays.

Comparing WBA and glycoprotein G2-specific Immunodot Enzyme Assay, Ashley
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et al [6] detecled antibodies 1o HSV-2 in 25% of the sera using WBA and in 8% of
the sera using Immuncdot Enzyme Assay with sera oblained earlier than 21 days
after the onset of primary HSV infection. Ninety-nine percent of samples were
positive for HSV-2 in WBA en 96% were positive in Immuncdot Enzyme Assay with
sera obtained at least 21 days after onset of primary HSV infection.

Lee 7] observed that 17% of the sera obtained within 10 days after onset and 95%
of sera oblained more than 10 days afler onsel were positive in Immunodot
Enzymatic Assay. The lest was found to be very specific. None of the 631 sera
from HSV-seronegative adulls, children, nuns and patients with primary genital
HSV-1 infections were reactive with glycoprolein G2 anligen.

tee [7] and Ashley [6] used immuno-affinily purified antigen for Immunodot
Enzymalic Assay.

We used Helix pomatia (HPA) lectin-purified HSV-2 glycoprotein G2 in dotl
immunobinding assay. Using dot immunobinding assay, we observed that 39 out of
the 44 (89%) sera were posilive from palients with late HSV-2 infections and 41 out
of the 44 (93%) sera were posilive using WBA.

Swennerholm [11] used HPA lectin-purified antigens in an ELISA system. From the
26 sera of patients with verified HSV-1 infections, eight contained antibodies
against HSV-2 type-specific anligen. From the 26 sera of palients with verified
HSV-2 infections, all demonslraled positive iiters against HSV-2 specific antigen.
Suchankova [12] used HPA lectin-puriied antigens in Solid Phase RIA for deteclion
of HSV type-specific antibodies. Antibodies to HSV-2 were detected in 14 out of the
16 subjecis treated for genital herpes lesions (not cultured). Antibodies to HSV-2
were not detected in any of the 57 children.

In our hands the WBA was slightly more sensitive than DIA.

In another study [5], the WBA was alsc observed lo be slightly more sensitive. The
difference between WBA and dot immunobinding assay is more prominent when
early sera were used. This could be explained by the fact that reaction {o antigens
other than HSV-2 glycoprolein G2 occurred eardier. We used very sliingent criteria
for a positive WBA. Only a WBA wilh a reaction to HSV-2 glycoprotein G2 was
regarded as posilive.

In patienis with early HSV-2 infections, & out of the 35 {(17%} sera taken in the first
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week after the onset of clinical symptoms were positive using WBA, 3 {9%) were
positive using DIA (Table 1). From the 17 sera taken in the second week after the
onset of clinical symptoms 8 (47%) and 5 (29%) were positive using WBA and DIA
respectively, From the 30 sera taken 3-5 weeks after the onsel 18 (63%) were
positive using WBA and 8 (27%) were posilive using DIA, Twenty percent of the
sera with a reciprocal CF liter < 4 were positive using WBA and 10% were positive
using DIA, whereas 60% of the sera with CF tiler = 8 were posilive using WBA and
29% were posilive using DIA (Table 2). The bes! method of recognizing type-
specific HSV-2 antibodies is to {est sera taken three weeks or later after the onset
of clinical symptoms or sera with CF liter = 8.

In our sludy, sera taken more then five weeks after onsst of clinical symptoms of
first episode were not available. From this study we are unable to answer the
question whether HSV-2-specific antibodies in palients who once had a clinical epi-
sode can be delected. Neither the percentage of patients who once had a
symptomless infection could be detecled nor couid the length of time the antibodies
existed afler one clinical or symptomless episode be eslablished.

From other studies [5, 7, 18], the WBA and glycoprolein G2 immunodot assay turns
out 10 be very specific. We observed fhat 7 sera were positive from a lotal of 66
patients with proven HSV-1 infection. In the study by Samarai {18] in palients with
recurient genital herpes, in one episode HSV-1 was isolated, in another episode
HSV-2 was isolated. Therefore il is possible to detect HSV-2-specific antibodies in
patients from which HSV-1 was isolated from the genilals. From sexually active
adults with herpes labialis, a parit will be once infected by HSV-2. Therefore it is not
surprising 1o find HSV-2 specific anlibodies in adults with herpes labialis. We have
no explanation for HSV-2-specific antibodies in a 6 years old child hospitalized with
stomatilis, from whom HSV-1 was isolated.

The use of immuno-afiinity columns lo purify glycoprotein G2 is mere effeclive, and
the product is more concentrated, than by using HPA-fectin columns. However,
monocional antibodies needed for immuno-affinity are not commercially available at
present. It is relatively simple to purify glycoprotein G2 with HPA-lectin columns and
the HPA bound lectin is commercially available, Recently, glycoprotein G1 and
glycoprotein G2 were expressed in recombinant-baculovirus-infected insect cells
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{19}, and in E. coli [20}.

In conclusion, the dot immunobinding assay using glycoprotsin G2 is very useful for
testing large numbers of sera rapidly. Both using WBA and DIA, the best results
were obtained in patients with recurrent infections. For patients with an early HSV-
infection the best results were obtained using sera with a reciprocal titer in CF = 8
or sera taken more than iwo weeks after the onset of clinical symptoms.
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SUMMARY AND DISCUSSION

A review of the various sexually transmitied diseases (STDs) is presented in
chapter 1. In addition, the importance of quick and accurate laboratory diagnoslics
is also discussed. Al the lime of writing, the laboratory diagnostics of the STDs
such as Chlamydia lrachomatis infections, gonorrhoea and herpes genitalis stil!
mainly depend on the relatively slow and complicated culiuring techniques for the
causative microorganisms.

An overview of the clinical maniiesiations and complications of the three above
mentioned STDs is presented in chapter 2.

Several problems which are slill confronted in the serological diagnostics of the
above mentioned 3 STDs are summarized in chapter 3. Uncomplicated infections
of C. trachomatis, N. gonorrhoeae and herpes simplex virus (HSV) are superiiciai
skin and/or mucous membrane infections. These diseases evoke an inadequate
systemic anlibody response to enable diagnosis at the moment they become
clinically manifest. Nevertheless, antibodies are detectable during the later slages
and can remain in circulation for a number of years. This leads to the problem in
distinguishing between an acute infection and a previously suffered infection. An
acute infection can be recognized by the differences in the litres of the acute
phase serum and the convalescent serum obtained at approximately fwo weeks
interval. An addilional problem is the high antibody titres which may also occur in
healthy individuals as a result of exposure to related microorganisms which show a
high antigenic similarity, e.q. N. catharrhalis & N. meningitides with N. gonorrhoeas,
C. pneumonia & C. psiftaci wilh C. frachomalis and HSV-1 with HSV-2,

In the combat against STDs, a sensitive and rapid diagnostic method is important
for the quick thsrapeutic intervention in order to break the infection chain. A rapid
and sensilive method would be ideal because it can be performed while the patient
wails so that the diagnosis and the frealment can be established al! the same
consulation. However, the culture and the serological methods for these STDs are
not quick encugh for this purpose. Besides, such methods are mostly too
complicated to be available at the focation where the diagnosis is undertaken. This
imposes spectal demands on the transporlation because the microorganisms
responsible for causing the STDs survive poorly under non-optimal condilions and
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can adversely affect the results of the culture. For this reason, a search has been

and is being made for alternative melhods for detecting the causative agenls. Such

methods are based on:

1. detection of antigens: antibodies against the microorganism raised in experi-
menlal animals are used to detecl the pathogen in samples taken from the
palients.

2. The detection of the microbial DNA or RNA.

3. The replication of the DNA or RNA which is subsequently used as proof for
the presence of the microorganism.,

Besides, in developing the diagnostic methods, it was attempled to make redundant

the for the patient unpleasanl examination of the cervix, the urethra, the reclum

and the oropharynx. in addition, the specific and sensilve tesis would enable the
screening of cerlain groups at risk.

During the period in which the investigations described in chaplers 4-7 were being

conducted, aliention was mainly focussed on the methods to detect anligens which

were mostly performed in an ELISA set-up. Advantages of this type of tests are lhe
speed and the simplicity of execution, the possibility for automalion and also the
possihility for no longer having to detect living microorganisms as causative agents
for STBs. The ELISA method for detecling C. trachomalis and to a lesser extent,
the ELISA for detecting N. gonorrhoeas have penelrated as far as the routine -
laboratory, However, such methods have reached no further than the research
laboratory for detecting HSV. The commercially available ELISAs are not cheap.

The advantages may only show up well when the number of samples from the

patients is large enough. When the number of samples is relalively small, these

tests are conducted only in a "baich-wise" manner, whereby the advaniage of
oblaining quick resulls is lost. The balance belween advantages and disadvantages
of the test for each microorganism may be different for each laboratory.

The molecular biology-based detection methods such as hybridization and PCR are

of prominent intersst. The sensitivily of the commercially available hybridization

tesls, lhe probe assays for C. lrachomalis and N. gonorrhoeae appeared not o be
higher than that of the respective ELISAs. This was in contrast to the sensitivilty of
the PCR. This technique is extremely sensilive and in principle a single
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micraorganismt can be detected in the samples from the patients. Initially, the poor
specificity of the PCR was an important disadvantage which appears fo have been
overcome by the use of closed systems. The possibilily 1o detect additional
microorganisms in a single sample using differenl primers is a further advantage of
this tesl. Using this test, it would be possible to establish an infection with C.
frachomatis and N, gonorrhoea in urine samples from men in the fulure. Thus, it
would be unnecessary lo take samples from the urcthra thereby reducing the
burden imposed on the patient. The presence of living microorganisms is
unnecessary in these tests so that there is no decrease in the sensitivity because
of non-oplimum transportation conditions.

These melhods also have disadvaniages. As such, the microorganism is not
available for lyping and testing for susceptibility which is particularly important for
N. gonorrhoeae. Besides, the quantification of the detecled microorganism is not
possible. The result is either positive or negalive without any gradation. The
possibility to detect a very low number of microorganisms in case of C. trachomatis
is considered by some to be a disadvantage because it only involves a commensal.
However, such a view is questionable because it involves a sexually transmissible
microorganism whereby it is also important to trace and lreal the asymplomatic
carriers,

Alternative methods for detecting chlamydia have been mainly searched for
because there are many disadvanlages associated wilh culturing this microor-
ganism. Initially, these alternatives were the ELISA and the [F for detecting antigen.
Later the probe assay and the PCR were added. A review of the different
technigues is presented in chapter 3. In chapters 4 and 5, an ELISA for defecting
Chlamydia trachomalis antigen is evaluated.

In chapter 4, an investigalion into 403 ureltwa samples from men is described. The
patients were divided inlo groups according to the seriousness of the symptoms
and the abnormalities present in the urine sediment. The sensitivily of the ELISA as
compared with the cullure varied from 50% in the group withoul symptoms or
abnormalities in the urine sediment to 82% in the group with post-gonococeal
urethritis. Other authors using urethra samples from men reporied the sensitivity of
the ELISA to vary from 66% to 100% [1-8].
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In chapter 5, an invesligation inlo the ELISA using samples from the cervix of 246
women including the 135 women menticned in chapter 4 is described. The number
of leucocytes was semi-quantilalively determined in the smears of the cervix and
scored from O (no leucocytes present) lo 4 {more than 20 leucocytes per micr-
oscopic field). The sensilivity of the ELISA as compared with the culture varied
from 50% in the group with no lsucocyte to 160% in the group with more than 20
leucocytes. In addition, the palients were divided on the basis of the resulls of the
culture. There was a significant difference in the resulls of the ELISA between both
groups: The sensitivity was 54% in samples with less than 20 inclusions in the
culture and 100% in samples with more than 20 inclusions in the culture. These
results indicated that the sensilivity of the ELISA depended on the amecunt of
antigen. The ELISA had an overall sensilivily of 67% as compared with the culture.
In other studies, using samples from the cervix, the sensitivity of the ELISA varied
from 71% to 98% (1,3,4,7-10).

The results of the sensitivity varied considerably and could have been due to the

following:

1. The reference test. Most researchers used the cullure as the reference.
However, this is nol standardized and may be undzriaken using different cell
fines such as the Hela 229 and McCoy cell lines which may also have been
pre-treated in different manners, e.g. with DEAE-dextran or Cytochalazine B.
In addition, cullures may afse have undergone more than one passage.
Finally, the culture may also have been confirmed in various ways. Staining
wilh iodine is relalively unsensilive, whereas staining with Giemsa followed
by evalualion using dark-field illuminalion is more sensitive. Confirmation of
the culture using immunofluorescence is the most sensilive method. 1t is
clear that the observed sensitivily of the ELISA would depend on the
sensitivity of the used culture technique.

2. The composition of the tested group of patienis. Classification according {o
the clinical presentation, leucocyte score or abnormality in the urine
sediment are very important for determining the sensitivity of the ELISA as
ilustrated in our study and in those by others [5,6,11-13}.

3. A correct sampling lechnique is essential for the diagnostics of Chlamydia,
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The sample must contain enough cells because an intracellular
micreorganism is involved. An inadequale sampling would result in a low
amount of antigen. The sequence in which the samples for the culture and
the ELISA were taken also appeared, at feast in men, to influence the
results {4,11). In a mouse model, Taylor-Robinson observed that the
sensitivity of the ELISA for detecting C. frachomatis as compared with the
culture was dependent on the sequence in which the samples were taken
[14].
The manner of transportation may also have an effect because non-oplimum
condilions would have an adverse effect on the viability of the micro-
organism which in turn would adversely eficct the results of the culture.
Unfamiliarity with these various factors hampers the direct comparison of the
results of the various studies.
The specificity of the ELISA was determined using samples from palienls
consulting the oulpattent depariment and in whom the results of the
Chlamydia culture were negative. The specificity was observed to be 98.5%
in men and 92% in women. These figures corroborate those reported in the
literature which varied from 94.7% to 98% {6,13,15}.
In summary, the value of the ELISA in detecting antigen for the diagnostic of
C.trachomalis infections is limited mainly because of the low sensitivity of the test.
The test may be useful in situations where the culluring of the microorganism is nol
possible or when the transportation of the sampfe is nol possible under optimal
conditions. However, as shown in the studies described in chapters 5 and 6, one
should realize that in hall of the palients with a low amount of chlamydia antigen
and/or few clinical symptoms, the results of the test may turn out to be negative.
In chapter 8, a modified version of an earlier commercially available ELISA test,
the Gonozyme for detecting gonococcal antigen was evaluated. In this study, the
test was evaluated using samples of the cervix and the urethra obtained from 266
prostitutes because the resulis of an earlier study in women had been disappointing
[16]. The prevalence of gonorrhoea on the basis of the cuiture was 9.3% which
was ralher high taking into account that these proslitutes underwent regular
medical check-ups. It was decided fo randomize the sequence of taking samples
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because it was suspected that the sequence in which the samples were taken may
influence the results. The sensitivily of lhe ELISA was observed to be 88%
(urethra} and 91% (cervix) provided that the collon-swabs for the ELISA were taken
firsl and 56% and 85% respectively if the cotion-swabs for the cullure were taken
first. The overall sensilivity and specificity of the ELISA using samples from the
urethra were 71% and 9B.8% respectively. For the samples from the cervix, the
overall sensitivity and the specificity of the ELISA as compared wilh the culture
were observed to be 88% and 99.2% respectively, The prediclive value for a
negative cervix test was high {98.9%), so thal this test was considered lo be
suitable for screening this group of women for gonorrhoea. These results
corroborated lhe resulls {sensilivity 87.5% and specilicity 98%) of another study
[17]. However, Papasian et al observed that using samples from the cervix, the
Gonozyme had a much lower sensitivity of 74.4%, but the specificity was 98.2%
[18]). In earlier sludies, il appeared that using samples of the urethra from men, the
Gonozyme performed well with a sensilivity of 90% 1o 100% [17] and 97.3% [18].

A comparison of the resulls of various investigations is difficult due to the factors
similar to those mentioned in the previous paragraph: differences in the reference
test, differences in the composition of the patient groups and differences in the
manner in which the samples were taken. Similarly, strains that are susceptible to
vancomycin may be missed if a selective medium is used for culiuring. The
sensitivity of Gonozyme was also observed lo decrease in similar manner to that of
Chlamydiazyme when the samples from the palients containing little anligen were
used [17,18].

in summary, excellent resuils with the ELISA were obtained in men with symptoms
of urethritis. However, in this group of patients, the ELISA has hardly any
advantages as compared with the much cheaper and quicker Gram-stained
preparation. The situation is different for women, because the Gram-stained
preparation of the samples from the urethra and the cervix are insensilive. In this
case, the ELISA is a suilable alternative for the Gram-stained preparation and the
culture. The last is especially true in situations where the transportation of the
samples under optimum conditions is not possible and because the resulls of the
ELISA are not influenced by non-optimum transportalion conditions or cold storage
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of the samples for a period of 14-26 days. In addition, the ELISA has advantages if
quick diagnosis is required. This advantage is used in Rotterdam, where the ELISA
is used for the weekly screening of prostitutes and women working in sex-clubs.
The culiure is the most sensitive and specific method to detect HSV and in
combination with IF, can also be used to type the virus. However, it may lake 1 to
10 days for the CPE lo appear. Various ELISA systems have been developed so
that the results are quickly available. In the investigations described in chapter 7,
an ELISA for detecting HSV (Abbot, USA) was compared with the cullure in
patients with genital lesions suspected of an HSV infection. The sensitivity of the
ELISA as compared with thal of the cullure was 76,9% and the specificity was 100
%. When different groups of patienls were compared, it appeared that the
sensitivity (87%) of the ELISA was the highest using samples obtained from
patients with blisters or ulcers. The sensitivity of the ELISA was also higher using
samples in which CPE was observed within 48 hours (100% for HSV-1 and 92%
for HSV-2), This indicated that the results of the ELISA improved with an increasing
number of virus particles in the sample.

Various ELISA systems {Dako, Ortho, Herpcheck, Welcome, Novo) were evaluated
by different investigators [19-27]. The specificily of ail the tesls was high (93% to
100%). However, the sensitivity of the tests varied (34.3% 1o 98.6%) depending on
the type of the test, the investigator and the group of patients thal was investigated.
In general, a low sensilivity was observed using samples of lhe cervix obtained
from asymptomatic women [21,22,26]. The sensilivity was higher using samples
taken from lesions of patients with symptoms {25,26]. In this last greup of patients,
it also appeared that the sensitivily of the ELISA was higher when the samples
used were {aken from lesions at an early stage [25].

It appeared that the specificity of ELISA tests for delecting HSV antigen was good,
but the sensitivity left a lot o be desired for. Highast sensitivily was observed using
samples from palients with symptoms and lesions at an early stage which
contained a high amount of antigen. However, these are the same samples in
which CPE is observed within 48 hours in the cullure, so that in such cases, the
ulimate fime gained is limited, This tesl acdds lille to the aiready available
diagnoslics for patients without symptoms or with fesions at a lale stage. However
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for lesions al a lale slage, serclogical investigations do provide additional
information as described in sludies in chapter 8.

In these studies, two serological tests for detecting type-specific antibodies against
HSV-2 were evalualed. The results of the dot immunobinding assay (DIA) with
affinity-purified gG2 as the antigen were compared with the resuits of the Western
Blot Anaiyses (WBA) and the culture. For this purpose, sera of 219 palients were
divided into groups according to the lype of the virus that was cuilured and the
symptoms. From the 44 patients with recurrent HSV-2 infections, 39 (88%) were
positive using the DIA and 41 {93%) were posilive in the WBA. Using 82 sera from
patients, taken 1-5 weeks after the appearance of the first symploms, the sensitivity
of both the tests was much lower: 20% for the DIA and 40% for the WBA. Both the
lests seemed 1o be very spscific: antibedies against HSV-2 were not detected in
any of the 50 sera from schoolchildren using either the DIA or the WBA. The WBA
was more sensitive than the DIA, but is difficull to perform at a routine laboralory.
The DHA is much simpler. However, at present, the purified glycoprotein G2 is also
not commerciafly available. A type-specific serological test is a useful supplement
to the already available diagnostics. The iype-specific serology may provide
valuable information in sifuations in which culturing is not or no longer possible
such as in patients with lesions at a lale stage or in patients without symptoms, bul

in whom there may be a spacific query such as in risky pregnancy.
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SAMENVATTING EN DISCUSSIE

In Hoofdstuk 1 is een overzicht gegeven van de verschillende SOA's. Tevens is
het belang van een goede en vooral snelle laboratorium-diagnostiek besproken. Op
moment van het schrijven van dit proefschriff berust voor de SOA's veroorzaakl
door C. frachomatis, N. gonorrhoeae en herpes simplex virus de laboratorium-
diagnose nog steeds voor een belangrijk deel op de relatief f{rage en
gecompliceerde kweekmethode van deze ziekleverwekkers.

in Hoofdstuk 2 is een overzicht gegeven van de klinische manifestaties en
complicaties van de drie bovengenoemde SOA's.

De serologische diagnostiek van de genoemde drie SOAs, die is samengevat in
Hoofdstuk 3, leverl enkele specifieke problemen op. Ongecompliceerde infecties
met C. frachomatis, N. gonorrhoeae en herpes simplex virus zijn opperviakkige
huid enfol slijmvlies infecties. Op het moment dat zij klinisch manifest worden,
hebben zij tot een nog onvoldeende sterke systemische anlilichaam respons geleid
om deze een rol te laten spelen bij de diagnose. Nisttemin zijn in latere stadia wel
antilichamen detecteerbaar, die meerdere jaren in de circulatie aanwezig kunnen
blijven. Dit geeft problemen bij het onderscheid tussen een acute infeclie en een
vroeger doorgemaakie infectie. Door gebruik le maken van iwee serummonsters
welke ca. 2 weken na etkaar worden afgenomen, het acute fase serum en het
reconvalescentie serum, kan een acute infectie vaak als zodanig worden herkend
aan de titerverschilen van deze twee monsters. Een bijkomend probleem vormen
de hoge antilichaamtiters, die hij gezonde personen kunnen voorkomen en die
veroorzaakt worden door conlact met verwante microorganismen die een grole
antigene overeenkomst verlonen zoals N. catharrhalis en N. meningitidis met N.
gonorrhoeae, C. pneumonia en C. psiftaci met C. frachomatis, en HSV1 met HSV2,
Bij de bestrijding van de sexueel overdraagbare aandoeningen is een gevoelige en
snelle diagnostische methode belangrijk om door een snelle bshandefing de
infeclic-keten te kunnen doorbreken. Het ideaal is een snelle en gevoelige methode
die verricht kan worden terwijl de paliént er op wachi, zodal diagnostiek en
behandeling in een bezoek kan plaatsvinden. Voor dit doel zijn zowel de
kweekmethode als de serologie voor deze SOAs onvoldoende snel. Daarnaast zijn
zij meestal {e gecompliceerd om beschikbaar te zijn op de plaats waar de diagnose
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gesteld moet worden. Dit siell eisen aan het iransport omdat sexueel
overdraagbare ziekleverwekkers slecht overleven onder niet oplimale transpon
omstandigheden en het resultaat van de kweek ongunstig beinvloed kan worden.
Dit zijn de redenen dat er gezocht is en wordt naar alternatieve methoden ter
opsporing van de ziekleverwekkers. Deze berusien op:

1. anligeendetectie: anlilichamen tegen het microorganisme, opgewekt in
proefdieren worden gebruikt om in patiéntenmaleriaal de ziekteverwekker aan te
tonen.

2. hel aantonen van het DNA of RNA van het microorganisme.

3. de vermeerdering van het DNA of RNA, dat vervolgens wordt aangetoond als
bewijs voor de aanwezigheid van het microorganisme.

Daarnaasl is getracht om bij het ontwikkelen van diagnestische methcden de voor
de patiénten belastende onderzoeken van de cervix, de urethra, het reclum en de
oropharynx overbodig le maken. Bovendien kunnen specifieke en sensilieve testen
screening van bepaalde bevolkingsgroepen mogelijk maken.

Ten tijde dat hel in de hoofdstukken 4-7 beschreven onderzoek verricht werd, was
de aandacht sterk gericht op antigeen detecterende methoden, die veelal werden
uilgevoerd in een ELISA opstelling. Voordelen van dit type testen is de snelheid en
eenvoud van uitvoering, de mogelijkheid tot aulomatiseren en de mogelijkheid ook
niet meer levende sexueel overdraagbare ziekieverwekkers aan e tonen. De
ELISA methode voor het aantonen van C. trachomatlis en in mindere mate de
ELISA voor het aantonen van N. gonorrhoeae zijn doorgedrongen fot het routine-
laboratorium. Voor herpes simplex virus zijn deze methoden niet verder gekomen
dan het research laboratorium. De commerciesl beschikbare ELISAs zijn niet
goedkoop. De voordelen komen slechts volledig tol hun recht bij een voldoende
groot aanbod van patiéntenmonsters. Bij een minder grool aanbed worden deze
testen uit economische overwegingen "badge-gewijze" uitgevoerd, waardoor hel
voordeel van het snel verkrjgen van de uitstag vervalt. Per laboralorium en per
microorganisme kan de balans tussen voor- en nadelen anders uitvallen.

De moleculair biologische detectiemethoden zoals hybridisatie en PCR staan thans
sterk in de belangstelling. De sensilivileil van de commercieel verkrjgbare

hybridisalie testen, de probe assays voor C. frachomalis en N. gonorrhosae bleek
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niet groter dan die van de respectievelike ELISAs, dit in tegenstelling tot die van
de PCR. Deze techniek is zeer gevoelig, in principe kan één organisme in hel
patiéntenmateriaal gedelecteerd worden. Aanvankelijk was de slechte specificiteit
van de PCR een belangrifk nadesl, dat overwonnen lijkt te zijn door het toepassen
van gesfoten sysiemen. Een verder voordeel is de mogeiijkheid in één monster mel
behulp van verschillende primers meerdere microorganismen aan te tonen. Met
deze test zal hetl in de toekomst mogelifk zijn sen infectie met C. trachomatis en N.
gonorrhoea bij mannen vasl te steflen mbv urinemonsters. Hierdoor kan het
afnemen van het urethramonster worden vermeden, waardoor de belasting voor de
paliént verder aineemt. Voor deze testen is de aanwezigheid van levende microor-
gansinen niet noodzakelijk, zodat geen verlies van sensitiviteit optreedt door nist
optimaie transport omstandigheden.

Er kieven ook nadelen aan deze methoden. Zo is het microorganisme niet beschik-
baar voor gevosligheidsbepalingen en typeringen, met name van belang bij M
gonorrhoeae. Daarnaast is een kwantificering van het gevonden microorganisme
niet mogelijk, het resultaal is positief of negatiel, zonder gradaties. De mogelijkheid
zeer kleine aantallen microorganismen op le sporen wordt in het geval van C.
trachomatis door sommigen wel als een nadeel beschouwd, aangezien het slechts
een commensaal zou betreffen. Echter, daar het hier gaat om een sexueel
overdraagbaar microorganisme, waarbij het van belang is ook asymptomatische
dragers op te sporen en te behandelen, dienl bij deze opvalling een vraagieken

geplaatst te worden.

Wegens de vele nadelen die aan de kweek van chlamydia kleven, is vooral voor dit
organisme naar allernatieven gezocht. Dit waren aanvankelijk de ELISA en de IF
voor anligeen delectie, later zijn daar de probe assay en PCR bijgekomen. Een
overzicht van de verschillende technieken s gegeven in Hoofdstuk 3. in de
Hoofdstukken 4 en 5 werd een ELISA voor detectie van Chlamydia trachomalis
anligeen geévalueerd,

In Hoofdstuk 4 is het onderzoek van 403 urethramonsters van mannen beschre-
ven. De patiénlen werden ingedeeld in groepen, athankelijk van de ernst van de
symptomen en afwijkingen in het urine-sediment. De sensitiviteit van de ELISA
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tov. de kweek varieerde van 50% in de groep zonder symptomen of sedi-
mentsafwijkingen tot 82% in de groep mel postgonococcatl urethrilis. Andere
auteurs vonden voor de ELISA, verricht met urethra monsters van mannen een
gensiliviteit, die varieerde van 86-100% [1-8].

in Hoofdstuk 5 is het onderzoek mef de ELISA van cervixmonsters, afkomstig van
246 vrouwen, waaronder begrepen de 135 vrouwen, die in Hoofdstuk 4 werden
vermeld, beschreven. In de cervix uitstrijkjes werd een semi-guantitatiove bepaling
van het aantal leucocyten verrichl, waarbij werd gesceord van 0 {geen leucocyten
aanwezig} tot 4 (>20 leucocyten/microscopisch veld). De sensiliviteit van de ELISA
t.o.v. de kweek varieerde van 50 % in de groep met 0 leucocyten tot 100 % in de
groep met meer dan 20 leucocyten. Daarnaast werd een indeling gemaakl op basis
van de resultalen van de kweek. Er bleek een significant verschil tussen beide
groepen in de resultaten van de ELISA: de sensitiviteit bedroeg 54 % bij patiénte-
nmeonsters met < 20 inclusies en 100 % bij >20 inclusies in de kweek. Deze
resultaten suggeren dat de sensiliviteit van de ELISA afhangl van de hoeveelheid
antigeen. Er werd een overall sensitivity van 67% voor de ELISA to.v. de kweek
gevonden. In studies van anderen varicerde de sensitiviteit van de ELISA verricht
met cervixmonsters van 71 fot 98% [1,3,4,7-10].

De gevonden resuitalen voor de sensitiviteit lopen nogal wviteen. Hiervoor zijn
verschillende corzaken aan te wijzen:

1. De referentietest. Door de meeste onderzoekers wordt de kweek als referentie
gebruikl. Deze is echler niet gestandaardiseerd en kan plaats vinden op diverse
cellijnen zoals de Hela 229 en Mc Coy cellijnen, die ock nog op diverse manieren
voorbehandeld kunnen zijn met bijv. DEAE-dextran of Cytochalazine B. Tevens
kunnen er slechts één, maar ook meerdere passages worden uitgevoerd. Tenslotte
kan de identificalie op diverse manieren plaatsvinden. Kleuring met jodium is
relatief ongevoelig, kleuring met Giemsa, gevolgd door beoordeling onder
donkerveld-belichting is gevoeliger. Identificatie met behulp van immuno-
flucrescentie is de gevoeligste methode. Het zal duidelijk zijn dat de gevonden
sensifiviteit van de ELISA af zal hangen van de sensitiviteit van de gebruikie
kweek-methode.

2. De samenslelling van de geteste patiéntengroep. Het maken van onderscheid
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naar kiinische beeld, leucocytenscore of sedimentsafwijkingen is van groot belang
bij de bepaling van de sensiliviteit van de ELISA, zoals blikt ull onze studie en die
van anderen [5,6,11-13].

3. Een juisie monsterafname is bij de Chlamydia diagnostiek essentieel. Omdat hel
een intracellulair microorganisme betreft moet het monster voldoende cellen
bevallen. Een slechte monster-afname zal resulteren in een lager antigeen aanbod.
Cok de volgorde waarin de monsters voor de kweek en de ELISA werden
afgenomen bleek, althans bij mannen, de resultaten te beinvioeden [4,11]. Taylor
Robinson loonde in een muizen-model aan dat de sensiliviteil van de ELISA voor
het aantonen van C. trachomatis vergeleken met de kweek afhankelijk was van de
volgorde van hel afnemen van de monsters [14].

Qok de wijze van transport kan van invioed zijn, doordat aantasting van de viability
van de microorganismen slechls invioed heeft op de resultaten van de kweek. De
onbekendheid met deze verschillende factoren belemmert de mogelijkheid tot een
direcle vergelijking van de resultaten van de diverse studies.

De specificiteit van de ELISA werd bepaald met behulp van monsters verkregen
van bezoekers van de polikliniek, die negatief scoorden in de Chlamydia kweek.
Voor mannen bedroeg de specificiteit 98.5 % en voor vrouwen 92 %. Deze getallen
zijn in goede overeenstemming met die in de lteratuur, welke varieren van 94.7%
tot 98% [6,13,15}

Samenvaltend, de waarde van de ELISA voor anligeen delectie bij de diagnostiek
van C.trachomatis infeclies is beperki, met name door de lage sensitiviteit van de
test. Daar waar de kweek niel beschikbaar is of het transport van het monsier
onder niet-optimale omstandigheden verloopt, zou de test een plaats kunnen
hebben. Echter, zoals in Hoofdstukken 5 en 6 is aangetoond, dient men zich te
realiseren dat de test bij de helft van de patiénten met een lage hoeveetheid

chiamydia-antigeen enfof weinig klinische verschijnselen negatief zal uitvallen.

In Hoofdstuk 6 werd een gemodificeerde versie van een reeds eerder op de markt
verschenen ELISA lest voor het aantonen van gonokokken anligeen, de
Gonozyme, geevalueerd. Omdat in eerdere studies het resultaat bij viouwen teleur-
sleflend was [16)], werd in deze studie de test geevalueerd met behulp van cervix-
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monsters en urethramonsters van 266 prostituées. De prevaientie van gonorrhoea
op basis van de kweek was ondanks de regelmatige controles van deze vrouwen
vrij hoog, namelijk 9.3%. Wegens het vermoeden dat de volgorde waarin de
monslers werden afgenomen de resuitaten zou kunnen beinvioeden, werd besloten
de afname-volgorde le randomiseren. De sensitiviteit van de ELISA bedroeg 88%
{urethra) en 91% (cervix} indien de waltenstok voor de ELISA hel eerste werd
afgenomen en respectivelijk 56% en 85% als de waltenstok voor de kweek het
eersle werd algenomen. De overall sensitiviteit van de ELISA verricht met urethra
monslers was 71%, de specificiteit was 98,9%. Voor de cervixmonsters werd voor
de ELISA ten opzichle van de kweek een overall sensiliviteit van 88% en een
specificiteil van 99.2% gevonden. De voorspellende waarde van een negatieve
cervix lest was hoog (98.9%), zodat deze lest geschikt werd geacht voor het
screenen op gonorrhoea bij deze groep vrouwen. Deze resultaten komen overeen
met de resultaten {sensitivileil 87.5%, specificiteil 98%) van een andere studie [17].
Echter, Papasian et al. vonden een veel lagere sensitiviteit voor de Gonozyme in
cervix monsters, namelijk 74.4%. De speciliciteit was eveneens 99.2% [18]. In
eerdere studies was reeds gebleken, dat de Gonozyme bij urethra-monsters van
mannen uilstekend voldeed metl een sensitivileit van 90-100% [17] en 87.3% [18].
Het vergeliken van de resultalen van de diverse onderzoekers wordl bemoeilijkl
door soorigelijke factoren als in de vorige paragraaf: verschil in referentietest,
verschiflen in de samenslelling van de patiéntengroepen en verschil in monster-
afname. Zo zullen vancomycine gevoelige stammen in de kweek gemist kunnen
worden als een selectieve voedingsbodem wordt gebruikl. Net als bij de
Chiamydiazyme blijkt ook de sensiliviteit van de Gonozyme af te nemen, wanneer
patiéntenmonsters, die weinig antigeen bevatten, worden gebruikt [17, 18]
Samenvatiend, met de ELISA worden vilstekende resultaten verkregen bij mannen
met symptomen van urethritis. Echler, de ELISA heeft in deze groep nauwelijks
voordelen boven het veel goedkopere en snellere Grampreparaat. Voor vrouwen is
de silualie anders, omdat het Grampreparaat van urethra en cervix ongevoelig is.
Hier is de ELISA een goed allernatief voor het Grampreparaat en de kwesk, Dit
laatste geldt met name wanneer het transport van de monslers niet optimaal is,
daar de resultaten van de ELISA niet worden beinvioed door niet-optimale iranspor-
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tomstandigheden of gekoeld bewaren van de monsters gedurende een pericde van
14-26 dagen. Verder heeft de ELISA voordelen ais de diaghose snel gewenst
wordi. Van dit voordeel wordt gebruik gemaakt in Rotterdam, waar de ELISA wordt

gebruikl voor de wekelijkse screening van sex-clubvrouwen en prostituées.

Voor het detecteren van HSV is de kweek de meest gevoelige en speciiieke
methode, door de combinatic met IF wordl hel virus levens gelypeerd. Echier, het
duurt 1 tot 10 dagen voor het GPE zichtbaar wordlt. Er zijn diverse ELISA systemen
ontwikkeld, waarbif het resultaat sneller bekend is. In de studie beschreven in
Hoofdstuk 7 werd een ELISA voor het aantonen van HSV (Abbol, USA}
vergeleken mel de kweek, bij patiéntenn met genilale laesies verdacht voor HSV
infectie. De sensitiviteit van de ELISA len opzichle van de kweek bedroeg 76.9%,
de specificiteit 100 %. Bij vergelijken van de diverse patiéntengroepen bleek de
gensilivileit van de ELISA het hoogste in de monsters afkomstig van patienten met
blaasjes of ulcera (87%). De sensiliviteit van de ELISA was ook hoger in monslers
die in de kweek binnen 48 uur een CPE veroorzaakien (100% voor HSVi, 92%
voor HSV2). Dit suggercert dat de resuitaten met de ELISA beter zijn naarmate de
monsters meer virusdeeitjes bevatlen,

Diverse  ELISA systemen {(Dako, Orho, Herpcheck, Welcome, Novo) zijn
geevalueerd door verschillende onderzoekers [19-27]. De specificiteit was bij alle
testen hoog (93-100%), echter de gevonden sensiliviteilten lopen nogal uiteen,
(34.3-98.6%) afhankelifk van de soort iest, de onderzoeker en de onderzochte
patiéntengroep. In het algemeen was de gevonden sensiliviteit laag bij cervix-
monsters van asymptomaltische vrouwen [21,22,28]. De sensiliviteit was hoger bij
monsiers van lagsies, afgenomen bij patiénten met symplomen [25,26]. Bij deze
laalste groep bleek bovendien dat de sensiiiviteit van de ELISA hoger was
naarmate de monsters afkomslig waren van laesies in een vroeger stadium [25].
Hei blijki dat de ELISA testen voor het aantonen van HSV-anligeen een goede
specificiteit hebben, maar dat de gevoeligheid te wensen over laal. De sensitiviteit
is het hoogste in monsters van paliénten met symptomen en laesies in een vroeg
stadium, welke veel antigeen bevallen. Dit zijn echter dezelfde monsters die in de
kweek binnen 48 uur CPE verionen, zodat in deze gevallen de uiteindelijke tijdwinst
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gering is. Bij patiénten zonder symptomen of met laesies in een laal stadium voegt
deze test weinig toe aan de besiaande diagnostiek. Echter, hier biedt serologisch
onderzoek exlra informatie, zoals blijkt in Hoofdstuk 8.

Hierin wordt de evaluatie van twee serologische lesten voor het aantonen van type-
specifiecke antilichamen tegen HSV-2 beschreven. De resuliaten van de dot
immunobinding assay (DIA) met gG2 als antigeen, dat is gezuiverd door affiniteits-
chromatografie met behulp van get-gebonden Helix pomatia lectine, zijn vergeleken
met de resultaten van de Western Blot Analyse (WBA) en de kweek. Hierioe
werden sera van 219 paliénten, ingedeeld in diverse groepen, afhankelijk van het
gekweekle virustype en de symplomen, getest. Van 44 patiénten met recidiverende
HSV-2 infecties waren er 32 (88%) positief in de DIA en 41 (93%) in de WBA. In
82 sera van patiénien, afgenomen 1-5 weken na het begin van de eerste
symptomen, was de gevoeligheid van beide lesten veel lager: 20% voor de DIA en
40% voor de WBA. De leslen bleken beide zeer specifiek: in 50 sera van
schoolkinderen werden noch met de DIA noch met de WBA antilichamen tegen
HSV-2 gevonden. De WBA is gevoeliger dan de DIA, maar is in een routine
laboratorium nauwelijks uitvoerbaar, omdat hiervoor specialistische apparatuur
vereist is. De DIA is ves| eenvoudiger. Echter, gezuiverd glycoproteine G2 is tot op
heden niet commercieel verkrijgbaar, Type specificke serologische diagnostiek is
een nutlige aanvulling op de bestaande diagnostiek. Daar waar de kweek nist of
niet meer mogelijk is, zoals hij patiénten met laesies in een laat stadium of bij
patiénten zonder symplomen maar met een specifieke vraagstelling, zoals bij risico-

zwangeren, kan de type-specificke serologie waardevolle informatie geven.
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