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Abstract 

Background: Inflammatory mediators that weaken and cause membrane rupture are released during the course of 
genital infections among pregnant women. We set out to determine the association of common genital infections 
(Trichomonas vaginalis, syphilis, Neisseria gonorrhea, Chlamydia trachomatis, Group B Streptococcus, Bacterial vaginosis, 
Herpes Simplex Virus Type 2 and candidiasis) and premature rupture of membranes in Mulago hospital, Uganda.

Methods: We conducted an unmatched case–control study among women who were in the third trimester of 
pregnancy at New Mulago hospital, Uganda. The cases had PROM and the controls had intact membranes during 
latent phase of labour in the labour ward. We used interviewer-administered questionnaires to collect data on socio-
demographic characteristics, obstetric and medical history. Laboratory tests were conducted to identify T. vaginalis, 
syphilis, N. gonorrhea, C. trachomatis, Group B Streptococcus, Bacterial vaginosis, Herpes Simplex Virus Type 2 (HSV-2) 
and candidiasis. Logistic regression models were used to estimate the odds ratios (OR) and 95 % CI of the association 
between genital infections and PROM.

Results: There was an association between PROM and abnormal vaginal discharge (OR = 2.02, 95 % CI 1.10–3.70 
and AOR = 2.30, 95 % CI 1.18–4.47), presence of candidiasis (OR = 0.27, 95 % CI 0.14–0.52 and AOR = 0.22, 95 % CI 
0.10–0.46) and T. vaginalis (OR = 2.98, 95 % CI 1.18–7.56 and AOR = 4.22, 95 % CI 1.51–11.80). However, there was 
no association between PROM and presence of C. trachomatis (OR = 2.05, 95 % CI 0.37–11.49) and HSV-2 serostatus 
(OR = 1.15, 95 % CI 0.63–2.09). Few or no patients with Bacterial vaginosis, Neisseria gonorrhoea, Group B streptococ-
cus or syphilis were identified among the cases and controls. Co-infection of Trichomoniasis and candidiasis was not 
associated with PROM (AOR = 1.34, 95 % CI 0.16–11.10). Co infection with T. vaginalis and C. trachomatis was associ-
ated with PROM (OR = 3.09, 95 % CI 1.21–7.84 and AOR = 4.22, 95 % CI 1.51–11.83).

Conclusion: Trichomonas vaginalis alone, T. vaginalis with C. trachomatis co-infection and abnormal per vaginal 
discharge were found as risk factors for PROM. There was no association of HSV-2 serostatus, syphilis, N. gonorrhea, 
C. trachomatis, Group B Streptococcus and Bacterial vaginosis with PROM. Candidiasis seemed to have a protective 
effect on PROM.
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Background
Genital infections are implicated in significant morbidi-
ties among women of reproductive age group especially 

during the pregnancy period [1]. Inflammatory cells pro-
duced by genital infections are implicated in weakening 
of the fetal membranes among pregnant women thus 
causing premature rupture of membranes (PROM) [2]. 
PROM is defined as rupture of membranes before onset 
of labour [3, 4].

PROM may occur when the fetus is 37 weeks or more 
of gestation (term PROM) or before 37 weeks’ gestation 
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(pre-PROM) [5]. PROM predisposes pregnant women 
and their unborn children to adverse outcomes such as 
maternal infection, fetal infection, umbilical cord com-
pression and prolapse, fetal demise, low Apgar score, pul-
monary hypoplasia, preterm delivery, low birth weights 
and fetal deformation [5]. Worldwide the prevalence of 
PROM ranges between 2 and 10 % [6]. In Mulago Hos-
pital, 12  % of the admissions in the high risk labour 
ward have PROM as per the obstetrics and gynaecology 
departmental records of the year 2012.

The aetiology of PROM is diverse [7]. It includes poly-
hydramnios, cervical incompetence, uterine abnormality, 
trauma and previous cervical conization or cone biopsy 
[5, 7]. Other factors that have been implicated include 
past obstetric history of PROM, black race, smoking of 
cigarettes, poor nutrition and genital infections [5].

Genital infections [such as Chlamydia trachomatis 
(CT), Trichomonas vaginalis (TV), candidiasis, syphi-
lis, bacterial vaginosis, Neisseria gonorrhoea and Group 
B Streptococcus] have been found to be associated with 
PROM [8]. T. vaginalis was found to weaken membranes 
in  vitro studies and prospective studies have found an 
association between T. vaginalis and PROM [9, 10]. Stud-
ies by Chow and by Blas have demonstrated association 
of Chlamydial infections with occurrence of PROM [11, 
12].

Women with Bacterial vaginosis BV (a condition where 
the normal flora of the vagina is disrupted causing abnor-
mal vaginal discharge) compared with women without 
BV were more likely to develop PROM [8]. Maternal 
syphilis was also found associated with poor obstetric 
outcomes including prematurity; a common outcome of 
preterm PROM [13]. The association of candidiasis with 
PROM is still controversial but recent studies showed 
a positive association that is supported by the reduc-
tion in incidence of PROM through treatment of can-
didiasis [14]. Having Neisseria gonorrhoea (NG) during 
pregnancy conferred a 6 times higher risk of develop-
ing PROM compared to not having NG [15]. The evi-
dence that Group B streptococci (GBS) may be a cause 
of PROM was supported by the fact that GBS causes an 
inflammatory responses in fetal membranes in experi-
mental and epidemiological studies [3].

Genital HSV-2 is a frequent infection among women in 
child bearing age group globally [16]. There is experimen-
tal evidence that herpetic infection in the cervix causes 
release of cytokines and other inflammatory mediators 
[17]. These inflammatory mediators when released dur-
ing infections of the genital tract of pregnant women are 
known to weaken and cause membrane rupture [18].

Despite the plausible association between genital infec-
tions and PROM, the findings from many studies are still 
inconsistent and it is unclear whether the proportion of 

women with confirmed genital infections differs among 
women with PROM and those without PROM. The 
objective of this study was to determine the association 
between common genital infections (T. vaginalis, Syphi-
lis, N. gonorrhea, C. trachomatis, Group B Streptococcus, 
Bacterial vaginosis, candidiasis and HSV-2) and PROM 
among women attending delivering in the national refer-
ral hospital in Kampala, Uganda.

Methods
Study design and participants
An unmatched case–control study was conducted in the 
high risk labour ward in Mulago Hospital, Uganda between 
June and November 2013 to assess the association between 
PROM and genital infections. Mulago Hospital is one of the 
large hospitals in East Africa with 1500 bed capacity [19]. It 
serves as the national referral hospital for Uganda as well 
as the teaching hospital for Makerere University College 
of Health Sciences and functions as district Hospital for 
Kampala district. It is located approximately 3 km north of 
Kampala city center. The hospital has several departments 
including obstetrics and gynecology that offer specialized 
clinical care. The hospital has three labour wards namely; 
upper Mulago, lower Mulago (risk labour) and private 
(6D&E). The study was conducted at Mulago Hospital’s 
two general labour wards (upper and lower Mulago). The 
hospital has 23,000–30,000 deliveries a year and 12 percent 
of those had either term PROM or Pre-PROM. There are 
two antenatal clinics, one in Old Mulago and the other in 
New Mulago. The antenatal clinic in New Mulago Hospital 
is run 3 times a week and on average 150–200 patients are 
seen on each clinic day. All pregnant women in the ante-
natal clinic are offered HIV testing as part of prevention of 
mother and child transmission of HIV. The mothers have a 
code written on the file denoting whether positive or nega-
tive as per departmental records 2012.

For inclusion into the study, we selected participants 
presenting to the antenatal and labour wards at or above 
28 weeks of gestation, 18 years and above who consented 
to the study. We recruited cases and controls by consecu-
tive sampling procedure until the sample size was realized. 
Cases were women with confirmed premature rupture of 
membranes. The diagnosis of PROM was made from his-
tory of draining of clear fluid that wet the perineum and 
run along the thighs and legs plus sterile speculum exami-
nation. The diagnosis of PROM at speculum examination 
was made if there was observation of fluid pooling in pos-
terior vaginal fornix or free flow of fluid from the cervix. 
The controls were women without PROM in latent phase 
of labour who were identified from the antenatal ward or 
the admission room of labour and met the inclusion cri-
teria for controls. Women in latent phase of labour had 
uterine contractions, cervical effacement and dilatation 
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up to 3  cm. The women in latent phase of labour with 
unruptured membranes were thus appropriate controls. 
These women were obviously not cases and could not be 
mistaken for such. In addition, there was ample time for 
consent. Assuming seroprevalence of genital HSV-2 of 
49 % [20], 80 % study power, 95 % confidence interval and 
a minimum odds ratio of 2.4 of the association between 
PROM and genital infections, we estimated a minimum 
sample size of 87 cases and 87 controls (1:1) [21].

Data collection
Interviewer-administered questionnaires were used to 
collect socio-demographic characteristics such as age, 
education, religion, occupation, tribe, gravidity and mari-
tal status. Sexual history such as age at first sexual expe-
rience, number of sexual partners, circumcision status 
of the partner and partner with multiple sexual partners 
was also collected. In addition, we collected gynaecologi-
cal history [history of sexually transmitted infections in 
woman and partner(s), condom use in the woman and her 
partner(s) and history of operations on the cervix]. Other 
history sought included: obstetric history (past history 
of PROM and history of trauma to the cervix) and HIV 
status (from the antenatal and admission records. Other 
exposure variables were results from laboratory investi-
gations for the selected genital infections (cervical swabs 
for N. gonorrhea and C. trachomatis and vaginal swabs 
for T. vaginalis, Streptococcus agalactiae and candidiasis,) 
and HSV-2 serology. Patients diagnosed with PROM were 
given prophylactic antibiotics whilst those with genital 
infections were given the appropriate medication.

Assessment for genital infections
We drew two milliliters of blood from the vein in the 
cubital fossa using sterile technique and this was taken 
for HSV-2 and Syphilis serology. The blood samples were 
labelled and delivered to the Medical and molecular Lab-
oratory of the Makerere university College of health sci-
ences within 4 h. We performed a HerpeSelect 2 ELISA 
Ig G (to glycoprotein G) serology test (Focus Diagnos-
tics, CA, USA). This test uses purified recombinant 
type-specific gG-2 antigen immobilized on polystyrene 
microwells and the procedure done was as per the manu-
facturer instructions. The results are reported as positive 
or negative (where index values <0.9 are negative and 1.1 
and above are positive. Index values between 0.9 and 1.0 
(inclusive) were classified as equivocal and these were 
then repeated. We reclassified OD index values from 1.1 
to 3.4 as “low positive” and more than 3.4 as “high posi-
tive” [22].

We performed a RPR (Rapid Plasma Reagin) for syphi-
lis using some of the sera above where results read reac-
tive or non-reactive. Reactive test was demonstrated 

by agglomerates in the centre or the periphery of the 
test circle. A non-reactive test was indicated by an even 
appearance of the mixture. All reactive tests had a con-
firmatory ‘Treponema pallidum haemagglutination test 
(TPHA)’ performed [23].

We then removed five swabs (four vaginal and one 
cervical) for the other genital infections. Swab 1 was a 
cervical swab which was analysed by gram stain for N. 
gonorrhoea and by Chlamydia antigen test card for C. 
trachomatis [24].

Two high vaginal swabs were taken from the posterior 
vaginal fornix, one of them was taken for wet preparation 
and tested for candidiasis and T. vaginalis as described 
in Brown’s study [25]. The other high vaginal swab was 
taken for DNA PCR for T. vaginalis using the proce-
dure used in a previous study [26]. The other two vaginal 
swabs were taken from the lateral vaginal walls. A gram 
stain for Bacterial vaginosis as well as culture and sen-
sitivity for yeast cells were done from the vaginal swab 
three [27, 28]. Using vaginal swab 4, we performed cul-
ture and sensitivity tests for Group B Streptococcus [29].

Quality control
We had training for all research assistants on research 
procedures including the consent process and data col-
lection a week prior to the study and also had study 
meetings every week to review the challenges met and 
to resolve them. We also piloted the questionnaires. We 
used accredited laboratories that have buffer controls 
for all tests. The data was checked daily by the Princi-
pal Investigator for comprehensiveness prior to entry 
into the data base. Double data entry was done by two 
persons using the EPI-DATA programme and any miss-
ing data was checked against hospital records and other 
source documents.

Data analysis
Data was analysed in STATA version 12 (Stata Corp., 
College Station, TX, USA). Categorical data for cases 
and controls was summarized as counts and propor-
tions while continuous variables were summarized using 
means, and standard deviations. Some continuous vari-
ables like optical densities of HSV-2 were re-categorized 
into meaningful strata to be used for subsequent analy-
sis. We initially compared the baseline characteristics of 
the cases and controls for comparability. To assess risk 
factors for PROM, we compared the presence of genital 
infections among the cases and controls using odds ratios 
and 95 % CIs and their p values. P values less than 0.05 
were considered statistically significant. Multivariable 
analysis was done to determine the factors independently 
associated with PROM using logistic regression models. 
All variables with a p value of 0.05 or less and those with 
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sound biologic plausibility were included in the regres-
sion models and adjusted odds ratios (AOR) with their 
95  % Confidence intervals (CI) s were presented. The 
final regression model was evaluated using Hosmer–
Lemeshow goodness-of-fit test [30].

Ethical considerations
We obtained ethical approval from the Makerere Uni-
versity College of Health Sciences School of Medi-
cine Research and Ethics Committee, and the Uganda 
National Council of Science and Technology. We 
obtained informed consent from all the participants and 
confidentiality was observed for all the study documents.

Results
Distribution of age, gravidity, education level, marital sta-
tus, occupation, and religion were similar among cases 
and controls (Table 1).

There was an association between PROM and abnor-
mal vaginal discharge (OR =  2.02, 95  % CI 1.10–3.70), 
presence of candidiasis (OR =  0.27, 95 % CI 0.14–0.52) 
and T. vaginalis (OR =  2.98, 95  % CI 1.18–7.56). There 
was an association between preterm gestation and 
PROM (OR = 4.27, 95 % CI 1.51–12.11). While there was 
an association between HSV-2 high positive optical den-
sities and PROM (OR = 2.08, 95 % CI 1.07–4.07), there 
was no association between HSV-2 serostatus and PROM 
(56 versus 53  %, OR =  1.15, 95  % CI 0.63–2.09). How-
ever, there was no association between HIV serostatus 
and having PROM (OR = 0.99, 95 % CI 0.42–2.34). Simi-
larly there was no association between presence of C. tra-
chomatis and PROM (OR =  2.05, 95  % CI 0.37–11.49). 
Few or no patients with Bacterial vaginosis, N. gonor-
rhoea, Group B Streptococcus or syphilis were identified 
among the cases and controls (Table 2).

The independent risk factors for PROM at multivariable 
analysis were abnormal vaginal discharge (AOR =  2.30, 
95 % CI 1.18–4.47) and T. vaginalis (AOR = 4.22, 95 % CI 
1.51–11.80) as shown in model 1 (Table  3). Candidiasis 
was found to be protective for PROM (AOR = 0.22, 95 % 
CI 0.10–0.46).

Co-infection of Trichomoniasis and candidiasis was 
associated with PROM (OR =  0.49, 95  % CI 0.27–0.90) 
at bivariate analysis but not at multivariable analysis 
(OR =  1.34, 95  % CI 0.16–11.10) from model 2. From 
model 2, the only factor that had an independent asso-
ciation with PROM was abnormal per vaginal discharge 
(AOR = 2.30, 95 % CI 1.18–4.40) (Table 3).

Co infection with T. vaginalis and C. trachomatis was 
associated with PROM (OR =  3.09, 95  % CI 1.21–7.84 
and AOR = 4.22, 95 % CI 1.51–11.84) as shown in model 
3 (Table 3).

Discussion
This study determined the association of selected geni-
tal infections (T. vaginalis, Syphilis, N. gonorrhea, C. 
trachomatis, group B Streptococcus, Bacterial vagino-
sis, candidiasis and HSV-2) and PROM in Mulago hos-
pital, Uganda. We found out that the odds of association 
between PROM with abnormal vaginal discharge and 
T. vaginalis was twice and thrice that without PROM 
respectively. There was no association between HSV-2 
serostatus, being HIV seropositivity or with presence of 
C. trachomatis with PROM. The association of HSV-2 
and PROM is not explored in this paper. Our study found 
few or no patients with bacterial vaginosis, N. gonor-
rhoea, Group B streptococcus or syphilis were identified 
among the cases and controls. Candidiasis was found to 
be protective for PROM; patients with PROM were 73 % 
less likely to have candidiasis compared with those with-
out PROM in this study.

Table 1 Baseline characteristics of  cases (PROM) & con-
trols (NO PROM) in Mulago Hospital, Uganda

The table shows that the distribution of age, gravidity, education level, marital 
status, occupation and religion of 87 cases and 87 controls was similar
a This includes those unemployed and students

Variable Cases (PROM)
N = 87 (100 %)

Controls (No PROM)
N = 87 (100 %)

P value

Religion

 Catholic 30 (36.0) 32 (37.0) 0.071

 Muslim 27 (32.0) 20 (23.0)

 Protestant 24 (29.0) 12 (12.0)

 Born again 3 (4.0) 23 (26.0)

Marital status

 Single 9 (10.0) 7 (8.0) 0.680

 Married/cohabiting 76 (87.0) 66 (75.0)

 Divorce/separated 2 (3.0) 14 (17.0)

Age

 <19.99 10 (11.4) 9 (10.3) 0.290

 20–34.99 73 (84.0) 69 (79.4)

 ≥35 4 (4.6) 9 (10.3)

Gravidity

 Primegravida 31 (35.6) 31 (35.6) 1.000

 Gravida 2–4 47 (54.1) 48 (55.2)

 Gravida 5 & above 9 (10.3) 8 (9.2)

Education

 Primary and below 27 (31.0) 30 (34.0) 0.680

 Secondary and 
tertiary

60 (69.0) 57 (66.0)

Occupation

 House wife 31 (35.6) 33 (38.0) 0.200

 Employed/business 
woman

34 (39.1) 33 (37.0)

 Othersa 22 (25.3) 21 (25.0)
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The mechanisms of how infections increase the risk of 
PROM are through release of inflammatory cytokines and 
proteases [2]. There is epidemiological evidence by May-
mon et al. [18] that inflammatory cytokines were increased 
in patients with PROM. Indeed, genital infection have been 
found as a risk of poor pregnancy outcomes PROM [31, 32]. 
Furthermore, women with herpetic infections had increased 
cytokines in the cervical cells [17]. In having some genital 
infections may impair antimicrobial role of the pregnant 
cervix making it more susceptible to other microbes [17].

The strong association between having Trichomonas 
vaginalis (TV) infection and PROM found in our study 
is supported by in vitro studies that demonstrated 80 % 
reduction in term fetal membranes tension leading to 
membrane rupture when incubated with fresh T. vagi-
nalis isolates [9]. There is experimental evidence that 
inflammatory proteases are involved in the T. vaginalis 
induced membrane rupture [9]. Our results are also simi-
lar to results from a prospective study in Kashan (Iran) 
among 450 pregnant women where TV was associated 

Table 2 Bivariate analysis for genital symptoms and infections among cases (had PROM) and controls (without PROM)

We assessed the association between PROM and: abnormal vaginal discharge, history of painful genital ulcer, candidiasis, Trichomonas vaginalis, preterm labour, HSV-2 
serostatus, HSV-2 titres, HIV, bacterial vaginosis, Neisseria gonorrhoea, Group B streptococcus and with syphilis. The italicized odds ratios had a significant association 
with PROM (abnormal vaginal discharge, candidiasis, Trichomonas vaginalis, and preterm labour and HSV-2 titres)
a Means no further analysis was done for these variables due to few numbers

Variable Cases
N = 87 (100 %)

Controls
N = 87 (100 %)

P value OR (95 % CI)

Abnormal vaginal discharge

 Yes 47 (54.0) 32 (36.8) 0.023 2.02 (1.10–3.70)

 No 40 (46.0) 55 (63.2)

Painful genital ulcer history

 Yes 9 (10.3) 3 (3.4) 0.087 3.23 (0.84–12.37)

 No 78 (89.7) 84 (56.6)

HSV-2 serology

 Positive 49 (56.0) 46 (53.0) 0.648 1.15 (0.63–2.09)

 Negative 38 (44.0) 41 (56.6)

HSV-2 ELISA optical densities

 >3.4 (high positives) 32 (37.0) 19 (22.0) 0.032 2.08 (1.07–4.07)

 ≤3.4 (negative or low positive) 55 (63.0) 68 (78.0)

HIV status

 Positive 12 (13.8) 12 (13.8) 0.098 0.99 (0.42–2.34)

 Negative 75 (86.2) 75 (86.2)

Candida

 Positive 18 (20.7) 43 (49.4) <0.001 0.27 (0.14–0.52)

 Negative 69 (79.3) 44 (50.6)

Trichomonas vaginalis

 Positive 18 (20.7) 7 (8.0) 0.02 2.98 (1.18–7.56)

 Negative 69 (79.3) 80 (92.0)

Bacterial vaginosis

 Positive 0 (0.0) 2 (2.3) a

 Negative 87 (100.0) 85 (97.7)

Neisseria gonococcus

 Positive 0 (0.0) 1 (1.1) a

 Negative 87 (100.0) 86 (98.9)

Chlamydia trachomatis

 Positive 4 (4.6) 2 (2.3) 0.415 2.05 (0.37–11.49)

 Negative 83 (95.4) 85 (97.7)

Syphilis

 Positive 0 (0.0) 0 (0.0) a

 Negative 100 (100.0) 100 (100.0)
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with poor pregnancy outcomes such as preterm labour 
and PROM [33]. Similarly, epidemiological evidence from 
the USA showed TV was also associated with PROM 
[10]. In the US population overall TV prevalence was 
12 % among blacks which is slightly lower though com-
parable to the proportion in our study which was 14  % 
overall and 20.7 % among the women with PROM. Con-
trary to our findings, an analysis of secondary data for 
428 women in South Africa concluded that treatment of 
T. vaginalis in pregnant women did not reduce incidence 
of PROM. However, this was a smaller study compared to 
the previous large US studies and more prospective inter-
ventional studies towards T. vaginalis are still needed in 
low resource settings [34]. T. vaginalis is thus a risk factor 
for PROM.

The positive association between having an abnormal 
vaginal during pregnancy and PROM is also supported 
by studies done by Kaye et al. [35] in Uganda and Karat 
et al. [36] in India. The association between PROM and 
abnormal discharge, a common symptom of genital 
infections is most likely via inflammatory mediators [3]. 

One study that found no association between abnormal 
vaginal discharge and PROM was done in two centers in 
Brazil where women with genital infections had had full 
treatment courses, a factor that was not assessed in our 
study [37]. It was however not possible, from our findings 
to match each specific vaginal discharge to the confirmed 
genital infections as this was not differentiated from our 
study.

The association between candidiasis and rupture of 
membranes is still unclear. There is evidence of release 
of inflammatory cytokines during candida infestation 
[38]. We had postulated that these cytokines would 
cause membrane rupture. However our study and in a 
case–control study in India, patients with PROM were 
less likely to have candidiasis compared to those without 
PROM [36]. There is a possibility that the liquor amnii 
in patients with PROM washed out the yeast cells lead-
ing to non-detection but this is not proven. In contrast, a 
study by Rasti et al. [33] did not find candida as a risk fac-
tor for PROM. Furthermore, there was indirect evidence 
that candidiasis increased risk of membrane rupture in a 

Table 3 Genital infections and risk for PROM in Mulago Hospital

In this table we have three models after multivariable analysis. Model 1 included abnormal vaginal discharge, HIV status Trichomonas vaginalis, Chlamydia trachomatis, 
candidiasis and HSV-2 serostatus. The italicized odds ratios were either independent risk factors for PROM (abnormal vaginal discharge and Trichomonas) or protective 
factors (candidiasis). Model 2 is included to assess whether co-infection with Trichomoniasis and candidiasis was a risk factor for premature rupture of membranes and 
found that this interaction was not a risk factor for PROM at multivariable analysis. Model 3 is included to assess whether co-infection with Trichomonas vaginalis and 
Chlamydia trachomatis was associated with PROM and it is shown that this interaction is a risk factor for PROM
a The model 2 assesses interactions between Trichomonas vaginalis and candidiasis
b The model 3 assesses interaction between Trichomonas vaginalis and Chlamydia trachomatis

Variable Unadjusted odds ratio 
(95 % CI)

Adjusted odds ratio (95 %) 
in model 1

Adjusted odds ratio (95 %) 
in model 2a

Adjusted odds ratio (95 %) 
in model 3b

Abnormal vaginal discharge

 Yes 2.02 (1.10–3.70) 2.30 (1.18–4.47) 2.30 (1.18–4.40) 2.30 (1.18–4.46)

 No

HIV status

 Positive 0.99 (0.42–2.34) 1.38 (0.51–3.75) 1.30 (0.51–3.72) 1.38 (0.51–3.75)

 Negative

Trichomonas vaginalis

 Positive 2.98 (1.18–7.56) 4.22 (1.51–11.80) 3.70 (0.92–14.90)

 Negative

Chlamydia trachomatis

 Positive 2.05 (0.37–11.49) 1.91 (0.30–12.22) 1.92 (0.30–12.20)

 Negative

Candida

 Positive 0.27 (0.14–0.52) 0.22 (0.10–0.46) 0.16 (0.02–1.22) 0.22 (1.51–11.83)

 Negative

HSV-2

 Positive 1.15 (0.63–2.09) 0.95 (0.48–1.88) 0.94 (0.48–1.87) 0.95 (0.48–1.88)

 Negative

 Trichomonas and candida 0.49 (0.27–0.90) 1.34 (0.16–11.10) 1.34 (0.16–11.10)

 Trichomonas and  
Chlamydia

3.09 (1.21–7.84) 4.22 (1.51–11.83)
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study where use of antifungal medication reduced pre-
term labour and PROM [14]. The association of candida 
with PROM is still currently non- conclusive and needs 
to be explored more.

Our study showed no significant association between 
PROM and Chlamydia trachomatis (CT) yet studies by 
Chow et al. [11] in California and Blas et al. [12] in Wash-
ington have demonstrated association between CT and 
PROM. C. trachomatis infection in pregnancy women is 
known to cause release of inflammatory mediators that 
are implicated in membrane rupture [4]. In our study 
population, this relationship between C. trachomatis and 
PROM may not have been demonstrated because only 
4.6 % (4/87) of the cases and 23 % (2/87) had with con-
firmed CT which was lower than the 13  % Chlamydial 
case reports in Chow’s study. The cohort by Blas was a 
large prospective study and was also able to demonstrate 
an association of C. trachomatis with PROM. In our 
study we were not able to demonstrate with evidence that 
C. trachomatis is a risk factor for PROM.

Our study showed no significant association between 
HIV sero- status and PROM. However in a prospec-
tive cohort of 68 women with advanced HIV and 68 
HIV negative women showed an association between 
HIV and PROM (31 and 9 % respectively, p < 0.001) by 
Musana et  al. [39]. The explanation of the relationship 
between HIV and PROM is via inflammatory poly mor-
phonuclear cells that have been shown to be increased 
among HIV positive women cervical fluid [40]. Our study 
did not demonstrate this because we did not stage the 
patients according to their WHO clinical staging of the 
HIV disease. Musana’s study enrolled patients who had 
their WHO clinical staging done and demonstrated that 
PROM was associated with advanced HIV/AIDS disease 
stage.

None of the patients with PROM and 2.3  % of those 
without PROM in our study had bacterial vaginosis. In 
one study where an association of Bacterial vaginosis was 
found with PROM 29 % of patients with PROM and 11 % 
of patients without PROM had Bacterial vaginosis [41]. 
None of the patients with PROM and 1.1 % of those with-
out PROM in our study had N. gonorrhoea. In the study 
by Donders,among pregnant women in south Africa, 
where an association was found between PROM and 
gonococcal infections, the prevalence of N. gonorrhoea 
was there was 4.5  % in the population studied (6 times 
more among patients with PROM compared to those 
without PROM) [15]. In our study we did not identify 
any patient with GBS. However, Kessous found an asso-
ciation of PROM with GBS, where the prevalence of GBS 
in the women with PROM was 10.7 % while that among 
those without PROM was 7.9  % [42]. There is evidence 
that Group B Streptococcus, N. gonorrhoea and bacterial 

vaginosis cause release of cytokines and other inflamma-
tory modulators that can cause membrane rupture [4].

We did not identify any patient with syphilis yet in the 
Tanzanian study where an association between PROM 
and syphilis was found, the prevalence of syphilis was 
8  % [13]. Treponema Pallidum, the bacteria responsible 
for syphilis is also known to cause release of cell lysing 
enzymes when it infects the genital mucosa [43]. How-
ever, our study population had very low prevalence of 
GBS, N. gonorrhoea, bacterial vaginosis and syphilis thus 
no inferences could be drawn. The definitive reasons for 
the low prevalence of some genital infections remain 
unclear but could be that the patients may have been 
on antibiotics such as erythromycin which is given to all 
women with PROM. N. gonorrhea, syphilis and GBS are 
susceptible to erythromycin. We thus do not have evi-
dence that Group B Streptococcus, N. gonorrhoea, Bacte-
rial vaginosis and syphilis are risk factors for PROM in 
our setting.

Co‑infections
Co-infection with T. vaginalis and C. trachomatis was a 
risk factor for premature rupture of membranes in our 
study. Experimental studies have indeed shown that 
infections among patients presenting with premature 
rupture of membranes are multi microbial [44]. French 
et  al. (2006) found that single infection such as T. vagi-
nalis or C. trachomatis and those with multiple infections 
including T. vaginalis –C. trachomatis co-infections were 
risk factors for PROM [45]. The possible explanation for 
increased risk of PROM in multiple infections may be 
due to additive inflammatory response as explained by a 
model involving mixed bacterial infections [44].

Limitations
We did not collect the data of history of drug use and 
type of drug used at onset of PROM. Due to the low 
prevalence of N. gonorrhoea, syphilis, Group B Strepto-
coccus, bacterial vaginosis and C. trachomatis, we need a 
larger study to assess these infections and risk of PROM.

Implications
We need implementation research to strengthen routine 
screening and management for T. vaginalis among preg-
nant women so as to assess the effect of the intervention 
on reduction of incidence of PROM. We propose to cli-
nicians and programme managers that they need to con-
duct further tests to look for other infections in patients 
with one infection, so as to optimize prevention and care 
in women with premature rupture of membranes. Fur-
ther research to assess the effect of candida colonization 
on occurrence of PROM is also imperative. A prospective 
study on the membranes and placentae in patients with 
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PROM found to have Trichomoniasis is needed to define 
the causative pathway further. We also need a larger 
study to assess C. trachomatis, N. gonorrhoea, GBS, syph-
ilis and Bacterial vaginosis for risk of PROM.

Conclusions
Trichomonas Vaginalis alone, T. vaginalis with C. tra-
chomatis co-infection and abnormal per vaginal dis-
charge were found as a risk factors for PROM in Mulago 
hospital, Uganda. There was no association of HSV-2 
serostatus, Syphilis, N. gonorrhea, C. trachomatis, Group 
B streptococcus and Bacterial vaginosis with PROM. 
Candidiasis seemed to have a protective effect on PROM.

Abbreviations
HSV-2: herpes simplex virus type-2; PROM: premature rupture of membranes; 
CT: Chlamydia trachomatis; HIV: human immunodeficiency virus; TV: Tricho-
monas vaginalis; TPHA test: Treponema pallidum haemagglutination test; PVD: 
per vaginal discharge; GBS: Group B Streptococcus.

Authors’ contributions
SN designed the study and performed the data collection and statistical 
analysis and drafted the manuscript; DKK, NMT and FMM reviewed the study 
from the design stage, participated in statistical analysis and contributed to 
the manuscript. FB reviewed the design and participated in writing the manu-
script. All authors read and approved the final manuscript.

Author details
1 Department of Obstetrics and Gynecology, School of Medicine, Makerere 
University College of Health Sciences, P O Box 7072, Kampala, Uganda. 
2 Department of Microbiology, Makerere University College of Health Sciences, 
P O Box 7072, Kampala, Uganda. 3 School of Public Health, Makerere University 
College of Health Sciences, P O Box 7072, Kampala, Uganda. 

Acknowledgements
The work was partially supported by (i) MEPI/MESAU Grant Number 
5R24TW008886 supported by OGAC, NIH and HRSA. Its contents are solely the 
responsibility of the authors and do not necessarily represent the official views 
of the supporting offices. (ii) a Fellowship award provided by the Consortium 
for Advanced Research Training in Africa (CARTA) from the Wellcome Trust (UK) 
(Grant No: 087547/Z/08/Z), the Department for International Development 
(DfID) under the Development Partnerships in Higher Education (DelPHE), 
the Carnegie Corporation of New York (Grant No: B 8606), the Ford Founda-
tion (Grant No: 1100-0399), and the Bill and Melinda Gates Foundation (Grant 
No: 51228).” We also appreciate the research assistants, staff of Department of 
Obstetrics and gynaecology (School of medicine, Makerere University College 
of health sciences), the women who participated in the study and the other 
doctoral committee members (Dr Edith Nakku-Joloba and Prof Josaphat 
Byamugisha).

Competing interests
The authors declare that they have no competing interests.

Received: 23 September 2014   Accepted: 5 October 2015

References
 1. Slaymaker E. Critique of international indicators of sexual risk behaviour. 

Sex Transm Infect. 2004;80(supl 11):13–21.
 2. Mercer BM. Preterm premature rupture of the membranes: current 

approaches to evaluation and management. Obstet Gynecol Clin North 
Am. 2005;32(3):411–28.

 3. Peltier MR, Drobek CO, Bhat G, Saade G, Fortunato SJ, Menon R. Amniotic 
fluid and maternal race influence responsiveness of fetal membranes to 
bacteria. J Reprod Immunol. 2012;96(1):68–78.

 4. Newton ER. Preterm labor, preterm premature rupture of membranes, 
and chorioamnionitis. Clin Perinatol. 2005;32(3):571–600.

 5. Lalonde AB, Beaudoin F, Smith J, Perron L. The alarm international pro-
gram manual; a program to reduce maternal and neonatal. Mortality and 
morbidity. 4th ed. Ottawa: Society of Obstetricians and Gynaecologists of 
Canada; 2008.

 6. Ehsanipoor RM, Chung JH, Clock CA, McNulty JA, Wing DA: A retrospec-
tive review of ampicillin-sulbactam and amoxicillin + clavulanate vs cefa-
zolin/cephalexin and erythromycin in the setting of preterm premature 
rupture of membranes: maternal and neonatal outcomes. Am J Obstet 
Gynecol. 2008;198(5):54–6.

 7. Caughey AB, Robinson JN, Norwitz ER. Contemporary diagnosis and 
management of preterm premature rupture of membranes. Rev Obstet 
Gynecol. 2008;1(1):11.

 8. French JI, McGregor JA, Draper D, Parker R, McFee J. Gestational bleeding, 
bacterial vaginosis, and common reproductive tract infections: risk for 
preterm birth and benefit of treatment. Obstet Gynecol. 1999;93(5, Part 
1):715–24.

 9. Draper D, Jones W, Heine RP, Beutz M, French JI, c Gregor M, James A. 
Trichomonas vaginalis Weakens Human Amniochorion in an I n Vitro 
Model of Premature Membrane Rupture. Infect Dis Obstet Gynecol. 
1995;2(6):267–74.

 10. Cotch MF, Joseph G, Pastorek I, Nugent RP, Hillier SL, Gibbs RS, Martin DH, 
Eschenbach DA, Edelman R, Carey CJ, Regan JA. Trichomonas vaginalis 
associated with low birth weight and preterm delivery. Sex Transm Dis. 
1997;24(6):353–60.

 11. Chow JM, Kang M-S, Samuel MC, Bolan G. Assessment of the association 
of Chlamydia trachomatis infection and adverse perinatal outcomes with 
the use of population-based chlamydia case report registries and birth 
records. Public Health Rep. 2009;124(Suppl 2):24.

 12. Blas MM, Canchihuaman FA, Alva IE, Hawes SE. Pregnancy outcomes 
in women infected with Chlamydia trachomatis: a population-based 
cohort study in Washington State. Sexually transmitted infections. 
2007;83(4):314–8.

 13. Watson-Jones D, Changalucha J, Gumodoka B, Weiss H, Rusizoka M, Ndeki 
L, Whitehouse A, Balira R, Todd J, Ngeleja D. Syphilis in pregnancy in 
Tanzania. I. Impact of maternal syphilis on outcome of pregnancy. J Infect 
Dis. 2002;186(7):940–7.

 14. Roberts CL, Rickard K, Kotsiou G, Morris JM. Treatment of asymptomatic 
vaginal candidiasis in pregnancy to prevent preterm birth: an open-
label pilot randomized controlled trial. BMC Pregnancy Childbirth. 
2011;11(1):18.

 15. Donders G, Desmyter J, De Wet D, Van Assche FA. The association of 
gonorrhoea and syphilis with premature birth and low birthweight. 
Genitourin Med. 1993;69(2):98–101.

 16. Looker KJ, Garnett GP, Schmid GP. An estimate of the global prevalence 
and incidence of herpes simplex virus type 2 infection. Bull World Health 
Organ. 2008;86(10):805–812A.

 17. Racicot K, Cardenas I, Wünsche V, Aldo P, Guller S, Means RE, Romero R, 
Mor G. Viral infection of the pregnant cervix predisposes to ascending 
bacterial infection. J Immunol. 2013;191(2):934–41.

 18. Maymon E, Romero R, Pacora P, Gomez R, Athayde N, Edwin S, Yoon BH. 
Human neutrophil collagenase (matrix metalloproteinase 8) in parturi-
tion, premature rupture of the membranes, and intrauterine infection. 
Am J Obstet Gynecol. 2000;183(1):94–9.

 19. Kwizera A, Dünser M, Nakibuuka J. National intensive care unit bed 
capacity and ICU patient characteristics in a low income country. BMC 
Res Notes. 2012;5(1):475.

 20. Ministry of Health (MOH) [Uganda] and ORC Macro. Uganda HIV/AIDS 
Sero-behavioural Survey. 2004–2005. Kampala and Calverton: Ugandan 
Ministry of Health and ORC Macro; 2006.

 21. Schlesselmann J. Case-control Study design, Conduct and analysis, vol. 6. 
Oxford: Oxford University Press; 1982.

 22. Lingappa J, Nakku-Joloba E, Magaret A, Friedrich D, Dragavon J, Kambugu 
F, Joloba M, Whalen C, Coombs R, Celum C. Sensitivity and specificity 
of herpes simplex virus-2 serological assays among HIV-infected and 
uninfected urban Ugandans. Int J STD AIDS. 2010;21(9):611–6.



Page 9 of 9Nakubulwa et al. BMC Res Notes  (2015) 8:573 

 23. Larsen SA, Steiner BM, Rudolph AH. Laboratory diagnosis and interpreta-
tion of tests for syphilis. Clin Microbiol Rev. 1995;8(1):1–21.

 24. Sabido M, Hernandez G, Gonzalez V, Valles X, Montoliu A, Figuerola J, 
Isern V, Viñado B, Figueroa L, Casabona J. Clinic-based evaluation of 
a rapid point-of-care test for detection of Chlamydia trachomatis in 
specimens from sex workers in Escuintla, Guatemala. J Clin Microbiol. 
2009;47(2):475–6.

 25. Brown HL, Fuller DD, Jasper LT, Davis TE, Wright JD. Clinical Evaluation of 
Affirm VPIII in the Detection and Identification of Trichomonas vaginalis, 
Gardnerella vaginalis, and Candida Species in Vaginitis/Vaginosis. Infect 
Dis Obstet Gynecol. 2004;12(1):17–21.

 26. Van Der Pol B, Kwok C, Pierre-Louis B, Rinaldi A, Salata RA, Chen P-L, van 
de Wijgert J, Mmiro F, Mugerwa R, Chipato T. Trichomonas vaginalis infec-
tion and human immunodeficiency virus acquisition in African women. J 
Infect Dis. 2008;197(4):548–54.

 27. Schwebke JR, Hillier SL, Sobel JD, McGREGOR JA, Sweet RL. Validity of 
the vaginal gram stain for the diagnosis of bacterial vaginosis. Obstet 
Gynecol. 1996;88(4, Part 1):573–6.

 28. Boeke A, Dekker JH, Peerbooms P. A comparison of yield from cervix 
versus vagina for culturing Candida albicans and Trichomonas vaginalis. 
Genitourin Med. 1993;69(1):41–3.

 29. Schuchat A. Group B streptococcus. Lancet. 1999;353(9146):51–6.
 30. Hosmer DW, Hosmer T, Le Cessie S, Lemeshow S. A comparison of 

goodness-of-fit tests for the logistic regression model. Stat Med. 
1997;16(9):965–80.

 31. Gibson CS, Goldwater PN, MacLennan AH, Haan EA, Priest K, Dekker GA. 
Fetal exposure to herpesviruses may be associated with pregnancy-
induced hypertensive disorders and preterm birth in a Caucasian popula-
tion. BJOG. 2008;115(4):492–500.

 32. Aboyeji A, Abdul I, Ijaiya M, Nwabuisi C, Ologe M. The bacteriology of pre-
labour rupture of membranes in a Nigerian teaching hospital. J Obstet 
Gynecol. 2005;25(8):761–4.

 33. Rasti S, Asadi MA, Taghriri A, Behrashi M, Mousavie G. Vaginal candidi-
asis complications on pregnant women. Jundishapur J Microbiol. 2014. 
doi:10.5812/jjm.10078.

 34. Stringer E, Read JS, Hoffman I, Valentine M, Aboud S, Goldenberg RL: 
Treatment of trichomoniasis in pregnancy in sub-Saharan Africa does 
not appear to be associated with low birth weight or preterm birth. S Afr 
Med J. 2010;100(1):58–64.

 35. Kaye D. Risk factors for preterm premature rupture of membranes at 
Mulago Hospital, Kampala. East Afr Med J. 2001;78(2):65–9.

 36. Karat C, Madhivanan P, Krupp K, Poornima S, Jayanthi N, Suguna J, Mathai 
E. The clinical and microbiological correlates of premature rupture of 
membranes. Indian J Med Microbiol. 2006;24(4):283.

 37. Hackenhaar AA, Albernaz EP, Fonseca TM. Preterm premature rupture 
of the fetal membranes: association with sociodemographic fac-
tors and maternal genitourinary infections. J Pediatr Pediatr (Rio J). 
2014;90:197–202.

 38. Conti HR, Gaffen SL. Host responses to Candida albicans: Th17 cells and 
mucosal candidiasis. Microbes Infect. 2010;12(7):518–27.

 39. Musana J, Ojwang S, Khisa W, Kiarie J. Pregnancy outcomes in mothers 
with advanced human immunodeficiency virus disease. East Afr Med J. 
2009;86(10):480–5.

 40. Slyker JA, Patterson J, Ambler G, Richardson BA, Maleche-Obimbo E, 
Bosire R, Mbori-Ngacha D, Farquhar C, John-Stewart G. Correlates and 
outcomes of preterm birth, low birth weight, and small for gestational 
age in HIV-exposed uninfected infants. BMC Pregnancy Childbirth. 
2014;14:7.

 41. Lim KH, Brooks H, McDougal R, Burton J, Devenish C, De Silva T. Is there 
a correlation between bacterial vaginosis and preterm labour in women 
in the Otago region of New Zealand? Aust N Z J Obstet Gynaecol. 
2010;50(3):226–9.

 42. Kessous R, Weintraub AY, Sergienko R, Lazer T, Press F, Wiznitzer A, Sheiner 
E. Bacteruria with group-B streptococcus: is it a risk factor for adverse 
pregnancy outcomes? J Matern Fetal Neonatal Med. 2012;25(10):1983–6.

 43. LaFond RE, Lukehart SA. Biological basis for syphilis. Clin Microbiol Rev. 
2006;19(1):29–49.

 44. Flores-Herrera H, Garcia-Lopez G, Diaz NF, Molina-Hernandez A, Osorio-
Caballero M, Soriano-Becerril D, Zaga-Clavellina V. An experimental mixed 
bacterial infection induced differential secretion of proinflammatory 
cytokines (IL-1beta, TNFalpha) and proMMP-9 in human fetal membranes. 
Placenta. 2012;33(4):271–7.

 45. French JI, McGregor JA, Parker R. Readily treatable reproductive tract 
infections and preterm birth among black women. Am J Obstet Gynecol. 
2006;194(6):1717–26 (discussion 1726–1717).

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://dx.doi.org/10.5812/jjm.10078

	Genital infections and risk of premature rupture of membranes in Mulago Hospital, Uganda: a case control study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design and participants
	Data collection
	Assessment for genital infections
	Quality control
	Data analysis
	Ethical considerations

	Results
	Discussion
	Co-infections
	Limitations
	Implications

	Conclusions
	Authors’ contributions
	References




