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The Role of Neisseria gonorrhoeae and Chlamydia trachomatis in
Pelvic Inflammatory Disease and Its Sequelae in Zimbabwe
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Eddy Van Dyck, G. N. M. Aelbers, and Peter Piot

From the Provincial Hospital, Gweru, Zimbabwe; Medicus Mundi, and
the Department of Microbiology, Institute of Tropical Medicine,
Antwerp, Belgium; and Rijksinstituut voor Volksgezondheid en
Milieuhygiéne, Bilthoven, The Netherlands

The presence of antibodies to pili of Neisseria gonorrhoeae and Chlamydia trachomatis serovar
L2 were assessed in women consecutively hospitalized in Zimbabwe with pelvic inflammatory
disease (PID; n = 66), infertility (n = 227), and ectopic pregnancy (n = 60). Women delivering
live full-term infants served as controls. Of the infertile women, 60% had secondary infertility;
59% had macroscopic evidence of a tubal abnormatity. Women with PID, infertility and tubal
disease, and ectopic pregnancy and tubal disease had significantly higher prevalences of anti-
bodies against C. trachomatis and N. gonorrhoeae than did controls or women with infertility
or ectopic pregnancy but no macroscopic tubal abnormalities (P < .001 for all comparisons).
The prevalence of antibody to chlamydia increased with age (P = .01), unlike the gonococcal
antibody. Antibodies to C. trachomatis were associated with a history of PID and with antibody
to N. gonorrhoeae. Gonococcal antibody correlated with a history of PID, being single, a positive
Treponema pallidum hemagglutination assay, and chlamydial antibody. None of the controls had
human immunodeficiency virus, unlike 3.9%-7.6% of the other women. Tubal abnormalities were

implicated in more than half of the cases of infertility.

Pelvic inflammatory disease (PID) and infertility are lead-
ing causes of admission to gynecologic wards in many areas
of Africa [1, 2] where diagnosis and treatment of these condi-
tions remain a major public health challenge.

Infertility and ectopic pregnancy are both recognized con-
sequences of tubal dysfunction due to previous pelvic inflam-
matory disease [3]. In some areas, >20% of African women
are involuntarily childless [4]. Moreover, the proportion of
infertility cases that is attributable to past infections is esti-
mated at ~85% in Africa in contrast to 20%-40% elsewhere
[5]. Although no population-based incidence data on ectopic
pregnancies in developing countries are available, ectopic
pregnancy is thought to be common and remains associated
with a high mortality rate, especially in rural areas where
easily accessible critical care facilities are often lacking.

Chlamydia trachomatis is the most important cause of
PID in the industrialized world [6], but the relative roles of
C. trachomatis and Neisseria gonorrhoeae in causing PID
in developing countries are unknown [7].

Many surveys in Africa have found a high prevalence of
gonococcal infections among women receiving antenatal care
(1%-15%) [8-11]. Some recent reports suggest that genital
chlamydial infections are also highly prevalent and may out-
number gonococcal infections [8-11].
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Our study was undertaken to assess the relative importance
of C. trachomatis and N. gonorrhoeae in the etiology of PID,
tubal infertility, and ectopic pregnancy in a rural area in Zim-
babwe. Exposure to syphilis and human immunodeficiency
virus (HIV) in different groups of women was also studied.

Methods

Study population. 'We studied women consecutively admitted to
Gweru Provincial Hospital, Zimbabwe, from 1985 to 1987. Of these,
66 had PID and peritonitis, 227 had a history of infertility, and 60
had ectopic pregnancies. Also, 104 women who delivered normal
full-term infants were recruited randomly during the study period
and were considered the control population. Nineteen women who
delivered stillborn infants were also included.

PID was diagnosed when three signs were present: acute onset
of lower abdominal pain with vaginal discharge or dysuria, fever,
and rebound tenderness or cervical motion.

Sixty laparotomy-proven cases of ectopic pregnancy were divided
into two subgroups according to pelvic status. Thirty-nine patients
had pelvic findings suggestive of previous PID, including gross adhe-
sions, contralateral hydrosalpinx, and previous surgery for tubal in-
fertility. Twenty-one patients had macroscopically normal pelvic
findings on laparoscopy. Tubal tissues were not examined histologi-
cally.

Two hundred twenty-seven patients, infertile >18 months, were
divided into two groups by tubal conditions: 135 had obvious tubal
pathology as demonstrated by hysterosalpingography (98), laparos-
copy (28), or laparotomy (9); 92 women had normal fallopian tubes,
(80 by hysterosalpyngography, 5 by laparoscopy, and 7 by both ex-
aminations).

Characteristics such as age, marital status, parity, and history of
PID were collected from all patients. Mild PID was defined as an
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Table 1. Characteristics of the women studied.

JID 1990;162 (August)

History of PID

No. No. _
married nullipara Mild Severe
(%) (%) (%) (%)

Mean age

Group No. (+ SD)
At term intrauterine pregnancy 104  26.6 (£ 5.6)
PID 66 269 (% 6.2)
Ectopic pregnancy

Tubal pathology 39 28.9% (+ 5.9

Normal tubes 21 27.6(+5.3)
Infertile with:

Tubal pathology 135 28.4% (+ 4.8)

Normal tubes 92 27.1(+ 4.9
Stillborn birth 19 248 (% 6.4

91 (87.5) 27 (26) 12 (12) 1(1)
47 (71.2) 13 (20) a2+ 65 staz

33 (89.7) 6 (15.4) 24* (65) 8* (22)
21 (100) 1(4.8) 1(6) 0

135 100) 548 (40) 105+ (81) 4 (3)
921000 4083 287300 O
121 63.2) 4l 8 @44 1(6)

NOTE. PID = pelvic inflammatory disease.

* P < 001 (%2 test) compared with controls.
TP<.01 (%2 test) compared with controls.

tP< .05 (Student’s 7 test) compared with controls.
§ P < .05 (%2 test) compared with controls.

I'P = .06 (x2 test) compared with controls.

episode of PID without hospitalization; severe PID was defined as
an episode of PID that required hospitalization because of signs of
peritonitis.

Blood was collected from each patient (10 ml), and serum sam-
ples were stored at —20°C until serologic testing was performed
in Europe.

Serology. Chlamydial serology was performed by single antigen
indirect immunofiuorescence test using C. trachomatis L2 sero-
var-infected McCoy cells [12]. Gonococcal serology was performed
by enzyme-linked immunosorbent assay (ELISA). Purified gonococ-
cal pili from strain 6650 were used as antigen [13].

Serologic tests for syphilis included the rapid plasma reagin test
(RPR; Becton, Dickinson, Baltimore) and the Treponema pallidum
hemagglutination assay (TPHA; Fujirebio, Tokyo). HIV IgG anti-
body was determined in an ELISA (Organon Teknika, Oss, Nether-
lands), followed by a Western blot assay (DuPont de Nemours,
Brussels) on sera reactive in the ELISA. Specimens containing at
least one band representative of the HIV core proteins and one band
representative of the envelope glycoproteins were considered posi-
tive for HIV antibody.

Statistical analysis. Statistical analysis was performed using the
SPSS statistical package. Univariate analysis was done for categori-
cal variables using the x? test and one-tailed Fisher’s exact test; for
continuous variables Student’s  test was used. The odds ratio (as
an estimate of relative risk in a retrospective study) was calculated
as a cross-product ratio: [(exposed — diseased) X (unexposed —
not diseased))/[(unexposed — diseased) X (exposed — not diseased)].
Cornfield 95% confidence limits of the odds ratios were used.

Results

Demographic characteristics. Table 1 summarizes the
characteristics of the six different study groups. In all groups
the mean ages were similar to the control population (26.6
years) except for women with ectopic pregnancy and infertile
women (both with tubal disease), whose mean ages were
slightly higher (28.9 and 28.4 years, respectively; P < .05).

Women with PID and those who delivered a stillborn infant
were more likely to be single than were pregnant controls.
The frequency of nulliparity was similar in the different groups,
except for infertile women. Of infertile women with and with-
out tubal disease, 40% and 43%, respectively, were nul-
liparous, indicating that 60% had secondary infertility.

Control women had a history of PID less often than those
in other groups. A history of PID was reported more frequently
by women with current PID, by women with ectopic preg-
nancy and tubal disease, and by infertile women with tubal
disease (77%-87%).

Prevalence of antibodies to C. trachomatis and N. gonor-
rhoeae. Table 2 shows the percentage of women with chla-
mydial and gonococcal antibodies among controls, women
with PID, and infertile women with and without tubal disease.

Significantly higher rates of chlamydial antibodies were
found in women with PID (68.2%, titer 21:16 and 258%,
titer 21:64) and infertile women with tubal disease (77%,
titer 21:16 and 38.5%, titer 21:64) as compared to controls
42 %, titer 21:16 and 6.7 %, titer 21:64; P < .001). Infertile
women without tubal disease had rates similar to controls.

About half of the women with PID (54.5%) and of the in-
fertile women with tubal abnormalities (51.1%) had antibody
to N. gonorrhoeae versus 4.8% of the controls (P < .001).
Infertile women with normal tubes also had a fivefold higher
prevalence of gonococcal antibodies (25 %) than controls (P <
01), although this rate was lower than among women with
PID or infertile women with abnormal tubes. In all instances,
odds ratios for gonococcal antibodies were consistently higher
than for chlamydial antibodies. Among women with gonococ-
cal antibodies and infertility, 71% had a history of PID; among
those with gonococcal antibodies and ectopic pregnancy 63 %
had a history of PID.

Chlamydial (titer 21:64) and gonococcal antibodies were
concomitantly present in 1.9% of controls versus 13.6% of
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Table 2. Prevalence of antibodies to Chlamydia trachomatis and Neisseria gonorrhoeae among
women presenting with pelvic inflammatory disease (PID) or infertility versus a control group with
intrauterine pregnancy.

Chlamydia titer

Chlamydia >1:64

503

Group 21:16 >1:64 Gonococcus + gonococcus
Controls, n = 104 44 (42) 76.7D 5(4.8) 2(1.9)
PID, n = 66 45 (68.2)* 17 (25.8)* 36 (54.5)* 9 (13.6)*
OR, 95% CI 29, 1.5-59 48,1.7-13.8 23.8, 8.0-76.2 8.1, 1.5-56.0
Infertile women with
Normal tubes, n = 92 33 (36) 5(5.4) 23 (25.0)F 1(L.D)
Abnormal tubes, 1 = 135 104 (77)* 52 (38.5)* 69 (51.5)* 26 (19.3)*
OR, 95% CI 4.6,2.5-8.3 8.7,3.6-22.2  20.7, 7.5-61.7 12.2, 2.7-76.1

NOTE. OR = odds ratio, CI = confidence interval. Data are number (%) of women.

* P < .001 compared with controls.

t P < .05 compared with controls; OR, 8.3, 95% CI, 2.6-29.6.

Table 3. Prevalence of antibodies to Chlamydia trachomatis and Neisseria gonorrhoeae among
women with ectopic pregnancy with and without tubal disease versus women with intrauterine

pregnancy.
N.o. (%) Ymh No. (%) with ectopic pregnancy
intrauterine
pregnancies Normal tubes* Abnormal tubes

Antibodies to, titer (n = 104) (n =21 n =139 OR, 95% CI
C. trachomatis -

21:16 44 (42) 7 (33) 26 (66.7)1 2.7,1.2-6.4

21:64 7(6.7) 1(4.8) 10 25.6)% 4.8, 1.5-15.5
N. gonorrhoeae 5.8 3(14.3) 13 (33.3)F 12.4, 3.4-49.6
Chlamydia (>1:64) + gonococci 2.9 0 5 (12.8)F 7.5, 1.2-58.9

NOTE. OR = odds ratio, CI = confidence interval.
* Macroscopically normal tubes.

T P < .05 compared with controls.

frp< .00 compared with controls.

those with PID and 19.3% of infertile women with abnormal
tubes.

Women with ectopic pregnancy and abnormal tubes had
chlamydial antibodies more often (66.7%, titer 21:16 and
25.6%, titer >1:64) than controls and women with ectopic
pregnancy but no tubal abnormalities (table 3). Likewise, the
prevalence of gonococcal antibodies among women with ec-
topic pregnancy with tubal disease (33.3%) was six times
higher than the control group (odds ratio 12.4). Chlamydial
(>1:64) and gonococcal antibodies were present in 12.8% of
women with ectopic pregnancy and abnormal tubes versus
1.9% in controls (P < .001).

Association of chlamydial and gonococcal antibodies with
other variables. When all study groups (427 patients) were
analyzed together, the presence of chlamydial antibodies cor-
related with older age for titer >1:16 (<20 years, 38%; 220
to <30 years, 57%; 230 years, 64%; P = .01) but not for
a titer 21:64 (<20 years, 15%; 220 to <30 years, 21%; 230
years, 20%; P = .6). There was no relationship between age
and the presence of gonococcal antibodies.

Chlamydial antibodies (=1:64) were more frequently found
among women who reported a history of PID (32% vs. 7%,

P < 001) and among women who had antibodies against N.
gonorrhoeae (P = 009). There was no association with mar-
ital status and positive RPR or TPHA results. Gonococcal
antibodies correlated strongly with a history of PID (46 % vs.
20%; P = .003), being single (P = .03), a positive TPHA
(P = 001), and the presence of chlamydial antibodies (P =
009). There was no association between gonococcal antibod-
ies and active syphilis (positive RPR and TPHA). These
associations remained when pregnant control women were
analyzed separately.

Among the infertile women, the prevalence of gonococcal
and chlamydial antibodies was similar in the primary versus
secondary infertile women.

In a stratified analysis controlling for age, a positive TPHA,
and the presence of either gonococcal or chlamydial antibod-
ies, the associations between the different conditions and
gonococcal and chlamydial antibodies remained independently
significant.

Prevalence of syphilis and HIV. Twelve (63%) of 19
women with stillborn infants had evidence of active syphilis
(RPR and TPHA positive) as compared with 8.7% of preg-
nant control women (who delivered a full-term live infant)
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Table 4. Prevalence of syphilis and human immunodeficiency virus (HIV) among women studied

in Zimbabwe.

No. RPR No. HIV
No. TPHA and TPHA positive
Group positive (%) OR, 95% CI positive (%) OR, 95% CI (%)
Controls, n = 104 20 (19) 9 (8.7) 0
PID, n = 66 27 (40.9)* 2.9, 1.2-4.1 1522.7)* 3.1, 1.2-83 5(1.6)t
Infertility, n = 227 79 (34.8)* 2.2,1.2-4.1 30 (13.2)* 9 3.9t
Ectopic pregnancy, n = 60 24 (40)* 2.8, 1.3-6.1 12 20)* 4 (6.6)F

Women with stillbirths, n = 19 14 (74}

11.8, 3.4-43 12 (63)F

18.1, 5.0-68.8 1(5.3)

NOTE. OR = odds ratio, CI = confidence interval, TPHA = Treponemia pallidum hemagglutination assay, RPR = rapid

plasma reagin test.
* P < 01 compared with controls.
TP<.05 compared with controls (Fisher’s exact text).
tp< 00t compared with controls.

(P < 001). Women with PID, infertility, and ectopic preg-
nancy also had higher prevalences of RPR- and TPHA-positive
than controls (P < (01, table 4).

None of the women who delivered live infants was positive
for HIV antibody, versus 7.6 % of the women with PID, 3.9%
of infertile women, and 6.6% of women with ectopic preg-
nancy (P < .05).

Discussion

This study confirms previous findings that tubal abnormal-
ities are implicated in well over half of all cases of infertility
in women in Africa [5]. We also found that women with PID
and women with infertility or ectopic pregnancy associated
with tubal disease had a much higher prevalence of IgG anti-
body against C. trachomatis and N. gonorrhoeae than did con-
trol pregnant women. This suggests that these women suffered
more frequent, more prolonged, or more severe infections
than did pregnant controls and that both C. trachomatis and
N. gonorrhoeae are important causes of tubal sequelae fol-
lowing salpingitis in Zimbabwe.

Several studies from Europe and North America docu-
mented an association between infertility with tubal pathol-
ogy and the presence of circulating antibody to C. trachomatis
[14-19]. Few investigations, however, have addressed the is-
sue of both gonococcal and chlamydial infection. A study in
Bristol, UK, [20] suggested that chlamydiae rather than gono-
cocci are the most identified cause of tubal infertility in the
UK, since only 2% of infertile women with tubal pathology
had antibodies to gonococcal pili whereas 73 % had antibod-
ies to C. trachomatis. The low prevalence of gonococcal an-
tibody in the Bristol study may reflect the lower prevalence
of gonococcal infections in Western Europe than in Africa
because the laboratory methodology was similar in our study.
In contrast, Mabey et al., [21] found that both C. trachomatis
and N. gonorrhoeae were equally important causes of infer-
tility due to tubal pathology in a study of 37 women in The
Gambia. Our study, based on a larger sample, confirms the

hypothesis that both organisms are important causes of PID
and its sequelae in Africa.

In Africa, PID and its sequelae have long been thought to
be predominantly due to gonococcal infection, and therapy
has been mainly directed to this agent. Etiologic studies of
PID based on endocervical cultures also have shown higher
isolation rates of N. gonorrhoeae, varying from 23 % in Gabon
to 55% in Kenya, than of C. trachomatis (15%-21%) [7, 22].
However, since gonococcal PID tends to have a more acute
and severe clinical course, whereas an unknown but high per-
centage of chlamydial PID escapes medical attention, the
proportion of gonococcal disease is probably overestimated
in hospital-based studies. This may also be the case in our
study. Facilities for diagnosing C. trachomatis are rare in
Africa, and only recently has it been shown that the preva-
lence of chlamydial infection is at least as high as gonococcal
infections in different populations [7-11].

Both chlamydial and gonococcal salpingitis produce high
titers of persistent circulating IgG antibody but since the sen-
sitivity of two assays for prior infection may differ because
of different methodologies, one can conclude from our sero-
logic results only that both organisms are important causes
of PID but not which organism most frequently caused PID.

Well over half of the women with ectopic pregnancy and
infertility had tubal scarring suggestive of previous PID. Be-
cause the women were consecutively recruited, these propor-
tions may represent a close estimate of the true proportions
of cases of ectopic pregnancy and infertility caused by previ-
ous PID in Zimbabwe.

Active syphilis was found in nearly 10% of randomly
selected pregnant women, which is similar to other studies
from southern Africa [8, 23]. Of 19 consecutive women with
stillborn babies, 12 had syphilis. This illustrates that syphilis
still plays a major role in causing stillbirth in rural Zimbabwe.
Syphilis control programs for pregnant women should be ini-
tiated immediately in areas without them.

It is clear from this and other studies that both gonococcal
and chlamydial infections cause considerable morbidity, in-
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cluding PID, infertility, and ectopic pregnancy, in women in
developing countries. However, it is not yet clear which con-
trol strategies are feasible or affordable in these countries.
The growing importance of incurable sexually transmitted vi-
ral diseases, such as AIDS, has recently increased the interest
in behavior modification and condom use as methods of con-
trol, but their impact on the incidence of gonococcal and
chlamydial infections remains to be determined. Lack of
laboratory-based diagnostic facilities in Africa is a major ob-
stacle to implementing case finding or selective screening pro-
grams for diagnosis. Thus, research on simple, rapid, and
inexpensive diagnostic tests and operational research on the
feasibility of implementing sexually transmitted disease con-
trol programs for women are urgently needed.
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