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Abstract

Background: Potentially pathogenic bacteria that colonise the lower genital tract of women in labour can be
passed to the baby during birth. While many babies become colonised with these bacteria after delivery, a few
develop neonatal infections. The lower genital tract is a reservoir for potential pathogens and a source of infection
for neonates. We determined the prevalence of vaginal colonisation of potentially pathogenic bacteria among
women in labour in Central Uganda and identified potential risk factors associated with this colonisation.

Methods: We conducted a cross sectional study at three primary health care facilities and collected vaginal swabs
from HIV-1 negative women in labour. Specimens were cultured on different selective microbiological media, and
biochemical tests were used to classify bacterial isolates on the species level. Multivariable logistic regression
analyses were used to estimate the association between relevant exposures and colonisation with potentially
pathogenic bacteria.

Results: We recruited 1472 women in labour whose mean age was 24.6 years (standard deviation [SD] 4.9). Of
these, 955 (64.9%; 95% Confidence Interval [CI] 62.4, 67%) were vaginally colonised with at least one potentially
pathogenic bacterial species. The most commonly isolated species were Escherichia coli (n = 508; 34.5%), Klebsiella
pneumoniae (n = 144; 9.8%) and Staphylococcus aureus (n = 121; 8.2%). Results from exploratory multivariable
regression analyses indicated that having had ≥5 previous pregnancies (adjusted odds ratio [aOR] 0.59; 95% CI 0.35,
0.97) or being ≥30 years old (aOR 1.52; 95% CI 1.03, 2.23) could be associated with vaginal colonisation with any
potentially pathogenic bacteria, as well as with vaginal colonisation with S. aureus (aOR 0.33; 95% CI 0.12, 0.88, and
aOR 2.17; 95% CI 1.17, 4.00, respectively). Possession of domestic animals in a household (aOR 0.57; 95% CI 0.35,
0.92) could be associated with vaginal colonisation with E. coli.

Conclusions: Two-thirds of HIV-1 negative women in labour were vaginally colonised by potentially pathogenic
bacteria, mainly E. coli, K. pneumoniae, and S. aureus.

Keywords: Potentially pathogenic bacteria, Vaginal colonisation, Labour, Escherichia coli, Klebsiella pneumoniae,
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Background
The normal lower genital tract is inhabited by a number
of different bacteria that live in well-balanced popula-
tions. In healthy women of reproductive age, the primary
bacteria colonising the vagina are of the genus Lactoba-
cillus [1]. They reduce the pH of the vagina to between
2 and 4, which helps to inhibit growth of pathogenic
bacteria [2]. During pregnancy, physiological changes
alter the homeostasis of the vaginal environment. These
changes are complex and not fully understood, but they
generally lead to a reduction in the Lactobacillus popula-
tion and, thereby, facilitating the growth of potentially
pathogenic bacteria such as Staphylococcus aureus and
members of the Enterobacteriaceae family [3].
During vaginal delivery, a newborn comes into direct

contact with the mother’s flora in the lower genital tract.
Eventually, the baby’s umbilicus, mucous membranes
and parts of the skin may be colonised with bacteria that
are potentially pathogenic for the neonate [4]. This
colonisation process is known as seeding, and it has im-
plications for long term neonatal health outcomes [5].
The potentially pathogenic bacteria that are seeded to
the baby often include S. aureus, group B Streptococcus
(GBS), group A Streptococcus (GAS), Enterococcus spp.,
Klebsiella pneumoniae, Escherichia coli, Enterobacter
spp., Pseudomonas spp. and Citrobacter spp. [6].
Severe infections account for 26% of neonatal deaths glo-

bally [7] and they are the leading cause of mortality among
newborns in sub Saharan Africa [8]. The lower genital tract
of women is an important source of pathogens causing life-
threatening infections including bacteremia, meningitis,
pneumonia and arthritis during the first week of life [9, 10]
[11]. We conducted a cross-sectional study among
women in labour at three primary health care facilities
in the Central region of Uganda to estimate the preva-
lence and improve our understanding of the aetiology
and risk factors associated with vaginal colonisation by
potentially pathogenic bacteria.

Methods
Study design and setting
This cross-sectional study was conducted between July
2016 and July 2018 in three primary health care facilities
in Central Uganda: Mukono Health Centre IV, Kawaala
Health Centre III, and Kitebi Health Centre III. These
three health care facilities have a combined monthly
average of 2400 antenatal visits and 1200 deliveries. The
three health facilities mostly deliver women who are
considered to have low risk of obstetric complications.
The women who are likely to have complicated deliver-
ies are usually referred to tertiary hospitals. The HIV
prevalence among women in reproductive age in Uganda
is approximately 8% [12]. The Mukono Health Centre
IV is located within Mukono district, which has a largely

rural population of around 60,000 people and is located
around 25 km from Uganda’s capital city, Kampala, while
the Kitebi Health Centre III and the Kawaala Health
Centre III are located in Kampala, which has a popula-
tion of approximately 1.5 million people. The study was
nested within an ongoing randomised controlled trial
aimed at assessing the effectiveness of a single applica-
tion of 4% chlorhexidine solution on the umbilical cord
stump for the prevention of omphalitis and severe illness
in HIV-1 unexposed newborns [13].

Participants
We included women who became enrolled in the above-
mentioned randomised controlled trial, who were HIV-1
negative, who gave birth during the daytime on a week-
day, who gave consent to participate in the study before
(orally) and within 12 h (written) after giving birth, and
who gave birth to babies who had the following charac-
teristics: birth weights of > 1.5 kg, no severe congenital
anomalies, no obvious signs of cord stump infection,
and no severe illness requiring hospitalisation at birth
[13]. The randomised controlled trial aims to recruit
4760 newborns, and we enrolled 1472 of these into the
present study. With this sample size we would obtain a
very high (0.7 to 2.6%) absolute precision, i.e. the differ-
ence between the upper limit and the lower limit of the
95% confidence interval (CI) for prevalence values ran-
ging from 2 to 50%. Demographic characteristics of the
study participants were collected through interviews, as
described below, and can be found listed in Table 1.

Data collection and consent
Trained research nurses obtained verbal consent to collect
specimens from women in labour, and after giving birth,
obtained written informed consent to allow for the use of
the collected specimens and data. Socio-demographic and
clinical data were collected by using structured electronic
questionnaires on mobile phones based on the Open Data
Kit (ODK) software [14]. Distribution of relevant charac-
teristics we collected can be found listed in Table 1. These
include exposures associated with vaginal colonisation of
mother, including premature rupture of membranes
(PROM), defined as breakage of membranes of the amni-
otic sac before labour onset [15], prolonged labour,
defined as labour beyond 24 h, parity, maternal level of
education, maternal age, hospitalisation during pregnancy,
marital status, antenatal care attendance, possession of
domestic animals in the household, having been pregnant
multiple times (multigravidity) and socioeconomic data.

Specimen collection and transportation
Trained midwives collected vaginal swab specimens
from the women during labour, by using Regular Rayon
sterile swabs pre-packed with Amies Agar Gel without
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Table 1 Distribution of characteristics of study participants at the three study sites

Participant characteristics N = 1472 (%) Uncolonised 517 (%) Colonised 955 (%)

Mother’s age

< =19 years 205 (13.9) 76 (14.70) 129 (13.5)

20–24 years 587 (39.9) 216 (41.8) 371 (38.9)

25–29 years 454 (30.8) 151 (29.2) 303 (31.7)

> =30 years 226 (15.4) 74 (14.3) 152 (15.9)

Education level

Primary 488 (33.2) 185 (35.8) 303 (31.7)

Secondary 854 (58.0) 278 (53.8) 576 (60.3)

Tertiary 130 (8.8) 53 (10.4) 76 (8.0)

Marital status

Unmarried 300 (20.4) 92 (17.8) 208 (21.8)

Married 1172 (79.6) 425 (82.2) 747 (78.2)

Wealth index

Quintile1 489 (33.2) 184 (35.6) 305 (31.9)

Quintile2 100 (6.8) 31 (6.0) 69 (7.2)

Quintile3 298(20.2) 106 (20.5) 192 (20.1)

Quintile4 295 (20.0) 96 (18.6) 199 (20.8)

Quintile5 290 (19.7) 100 (19.3) 190 (19.9)

Gravidity

First pregnancy 442 (30.0) 163 (31.5) 279 (29.2)

2–4 pregnancies 910 (61.8) 303 (58.6) 607 (63.6)

5 or more pregnancies 120 (8.2) 51 (9.9) 69 (7.2)

Hospitalisation during pregnancy

No 1387 (94.2) 483 (93.4) 904 (94.7)

Yes 710 (94.5) 34 (6.6) 51 (5.3)

Antenatal visits

Once 75 (5.1) 30 (5.8) 45 (4.7)

2–4 times 1259 (85.5) 442 (85.5) 817 (85.6)

5 or more times 138 (9.4) 45 (8.7) 93 (9.7)

Own domestic animals

No 1355 (92.1) 472 (91.3) 883 (92.5)

Yes 117 (8.0) 45 (8.7) 72 (7.5)

Monthly income level

< 30 205 (13.9) 76 (14.70) 129 (13.5)

30- < 60 587 (39.9) 216 (41.8) 371 (38.9)

60- < 90 454 (30.8) 151 (29.2) 303 (31.7)

≥ 90 226 (15.4) 74 (14.3) 152 (15.9)

Mode of delivery

Spontaneous vaginal delivery 1334 (90.6) 480 (92.8) 854 (89.4)

Assisted vaginal delivery 135 (9.2) 35 (6.8) 100 (10.5)

Caesarean section 3 (0.2) 2 (0.4) 1 (0.1)

Sexual partners

No 824 (70.3) 302 (71.1) 522 (69.9)

Yes 185 (15.8) 58 (13.7) 127 (17.0)

Tumuhamye et al. BMC Infectious Diseases           (2020) 20:98 Page 3 of 10



Charcoal transport medium (Copan Diagnostics Inc.,
Murrieta, CA). The swab was first carefully inserted into
the vagina about halfway between the introitus and cer-
vix. This way, contamination from the cervical mucus
was avoided. The swab was then gently pressed towards
the vaginal walls and rotated to ensure that it was thor-
oughly coated. The midwives took caution when remov-
ing the swab to avoid contact with the skin and the anal
area. The vaginal swabs were immediately stored in the
Amies transport medium in a specimen transport cooler.
The coolers were subsequently transported within 24 h
to MBN Clinical Laboratories where the specimens im-
mediately underwent microbiological analyses [16].

Microbiological analyses
Primary inoculation of the vaginal swabs was done on 5%
sheep blood agar (BioLab Zrt., Budapest, Hungary) and on
MacConkey agar (BioLab Zrt.), followed by aerobic incu-
bation between 35 °C–37 °C for 18–24 h. The blood agar
plates were further incubated for a total of 72 h to allow
development of slow growing bacterial colonies. From
these plates, we picked and streaked one representative of
each morphologically distinct colony onto new agar plates
and used colonies from this sub-culture for further species
identification and characterisation.
Bacterial species identification was performed by using

conventional microbiological techniques.
Gram-positive bacterial identification: Staphylococcus

aureus species was identified based on positive catalase,
coagulase and DNase tests. Beta-haemolytic Streptococci
were identified by having distinct colony characteristics,
having transparent haemolytic zones around colonies
grown on blood agar plates, being Gram stain positive
and being negative in the catalase test. The beta-haemolytic
colonies were further Lancefield grouped into different

species/groups (Streptococcus A-D) using the Streptococcal
Grouping Kit (Oxoid Ltd., Basingstoke, Hants, UK). Entero-
coccus species were identified by being positive in the bile
esculin test [17].
Gram-negative bacteria identification: These were iden-

tified biochemically based on lactose fermentation, triple
sugar iron agar, sulfur-indole-motility, citrate and urease
tests [17].
Reference strains S. aureus ATCC 25923 for gram-

positive bacteria, and E. coli ATCC 25922 and P. aeruginosa
ATCC 27853 for gram-negative bacteria were regularly in-
cluded in the identification pipeline to control the quality
of the microbiological procedures

Main outcome and exposure definitions
The study’s main outcome was vaginal colonisation with
potentially pathogenic bacteria. Colonisation with poten-
tial pathogenic bacteria was defined as isolation of at least
one of the following types of bacteria from the vaginal
swab; S. aureus, E. coli, K. pneumoniae, group A Strepto-
coccus (GAS), group B Streptococcus (GBS), Enterococcus
spp., Pseudomonas spp., Enterobacter spp., Citrobacter
spp., Proteus spp. and/or Acinetobacter spp. These bac-
teria are known to cause infections in newborns. Other
bacteria that were isolated which we considered to repre-
sent commensal strains since they rarely are found associ-
ated with newborn infections included Candida spp.,
Micrococcus spp., Corynebacterium spp., Lactobacillus
spp., Bacillus spp., Bukolderia spp., Serratia spp. and
coagulase-negative Staphylococcus. Such isolates were not
included in the analyses.
In the statistical analyses, described below, we tested

for associations between different exposures and 4 dif-
ferent outcomes, including colonization with any poten-
tial pathogen, with E. coli, with S. aureus, and with K.

Table 1 Distribution of characteristics of study participants at the three study sites (Continued)

Participant characteristics N = 1472 (%) Uncolonised 517 (%) Colonised 955 (%)

DNK 163 (13.9) 65 (15.3) 98 (13.1)

Premature rapture of membranes

No 1466 (99.6) 512 (99.0) 954 (99.9)

Yes 6(0.4) 5 (1.0) 1 (0.1)

Prolonged labour

No 1458 (99.1) 514 (99.4) 944 (98.9)

Yes 14 (0.9) 3 (0.6) 11 (1.1)

Use of mama kit

No 1011 (68.7) 343 (66.3) 668 (69.9)

Yes 461 (31.3) 174 (33.7) 287 (30.1)

Tetanus toxoid vaccination

No 1314 (89.3) 454 (87.8) 860 (90.1)

Yes 158 (10.7) 63 (12.2) 95 (9.9)
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pneumoniae. In those analyses, we tested exposures that
other studies have found to be associated with maternal
colonization with potentially pathogenic bacteria [18–21],
including: Maternal level of education, maternal age, hos-
pitalisation during pregnancy, marital status, number of
previous pregnancies, antenatal tetanus toxoid vaccin-
ation, number of antenatal care visits, hospitalisations dur-
ing pregnancy, possession of domestic animals at home,
and socioeconomic status. Socioeconomic status was rep-
resented by a wealth index variable which was generated
by performing principal component analysis on data about
household ownership of cupboards, radios, televisions, a
mobile phone, refrigerator, motor cycle, car, ownership of
a house and/or land, and presence of cemented walls, type
of toilet, and three or more rooms in the house. Five quin-
tiles of the wealth index variables were generated with the
poorest belonging to quintile 1, and the least poor to quin-
tile 5.

Statistical analysis
The data were analysed by using STATA 15.0 (StataCorp
LLC, College Station, TX, USA). To obtain an estimate of
the overall vaginal colonisation prevalence, we divided the
number of women who had a positive vaginal culture for
one or more potential pathogens by the total number of
enrolled women in the study. To explore the associations
between the above-mentioned outcomes and exposures,
we performed bivariable (unadjusted) and multivariable
(adjusted) logistic regression analyses where we estimated
odds ratios (OR) and 95% confidence intervals (CIs) for
each exposure. For each tested model we used the estat vif
command in STATA to ensure there was little potential
multicollinearity between the independent variables in the
model, as indicated by one or more variance inflation
factor estimates of > 10. None of our models appeared to
have potential multicollinearity issues.

Results
We recruited a total of 1472 women including 545
(37.0%) from Kawaala Health Centre III, 524 (36%) from
Kitebi Health Centre III and 403 (27%) from Mukono
Health Centre IV. The characteristics of these women
are listed in Table 1. All but 3 (0.2%) of the women had
vaginal deliveries. The mean age of the participants was
24.6 (standard deviation 4.9) years, 1172 (80%) were
married or cohabiting, 1295 (88%) earned less than 30
US dollars per month, 185 (15.8%) had other sexual
partners and 488 (33%) had at least a primary education.
Only 6 (0.41%) of the women experienced PROM and
14 (0.9%) prolonged labour.

Vaginal colonisation
Of the 1472 recruited women, 955 (64.9%; 95% CI 62.4,
67.3%) were colonised with at least one potential bacterial

pathogen. Of the 955 colonised women, 878 were colonised
with one potentially pathogenic bacteria, 69 were colonised
with two potential pathogens while the remaining three
women were colonised with three potential bacterial patho-
gens (Table 2). A total of 1025 potentially pathogenic bac-
terial pathogens were isolated from the colonised women.
Overall, the most frequently isolated potential bacterial
pathogens were E. coli (n = 508; 34.5%), K. pneumoniae
(n = 145; 9.9%) and S. aureus (n = 121; 8.2%). There were
no major differences in proportions of women colonised by
potentially pathogenic bacteria between the three study
sites (Table 3).

Exposures associated with vaginal colonisation
In the statistical analyses to identify exposures that are po-
tentially associated with colonization with different patho-
gens, we found that having ≥5 previous pregnancies (aOR
0.59; 95% CI 0.35, 0.97) and maternal age of ≥30 years
(aOR 1.52; 95% CI 1.03, 2.23) were associated with vaginal
colonisation of women in labour with any potentially
pathogenic bacteria (Table 4). Focusing these analyses on
the three most commonly isolated potential pathogenic
bacteria, we found that maternal age of ≥30 years (aOR
2.17; 95% CI 1.17, 4.00) and a history of at least 5 previous
pregnancies (aOR 0.33; 95% CI 0.12, 0.88) were associated
with S. aureus vaginal colonisation (Table 5). We found
that possession of domestic animals in a household (aOR
0.57; 95% CI 0.35, 0.92) could be associated with vaginal
colonisation by E. coli (Table 6). We found no exposures
significantly associated with colonisation by E. coli (Table
6) and K. pneumoniae (Table 7).

Table 2 Number and percentage of women colonised with
more than one potentially pathogenic bacterial isolates

Combination of bacteria isolated N = 1472 (%)

Escherichia coli and Klebsiella pneumoniae 10 (0.7)

Escherichia coli and Enterococcus spp. 10 (0.7)

Escherichia coli and Staphylococcus aureus 9 (0.6)

Escherichia coli and Enterobacter spp. 6 (0.4)

Escherichia coli and Citrobacter spp. 5 (0.3)

Klebsiella pneumoniae and Enterococcus spp. 4 (0.3)

Escherichia coli and Escherichia coli 4 (0.3)

Staphylococcus aureus and Staphylococcus aureus 4 (0.3)

Klebsiella pneumoniae and Staphylococcus aureus 3 (0.2)

Klebsiella pneumoniae and Citrobacter spp. 3 (0.2)

Escherichia coli and Klebsiella oxytoca 2 (0.1)

Klebsiella oxytoca and Citrobacter spp. 2 (0.1)

Ten other combinationsa 1 (0.1)
aIncludes: K. pneumoniae and Pseudomonas spp.; Acinetobacter spp. and S.
aureus; E. coli and Proteus mirabilis; Enterococcus spp. and Citrobacter spp.; E.
coli and Acinetobacter spp.; E. coli and Pseudomonas spp.; K. pneumoniae and
K. pneumoniae; E. coli, Citrobacter spp., and S. aureus; E. coli, Pseudomonas
spp., and S. aureus; E. coli, Enterococcus spp., and S. aureus
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Discussion
We studied the prevalence of different potentially patho-
genic bacteria colonising the vagina of women in labour
at three primary health care facilities in Central Uganda
and evaluated the association between potential risk
factors and colonisation with these bacteria.
Sixty-five percent (65%) of the study participants were

colonised by at least one potential bacterial pathogen.
The prevalence of women colonised with potential path-
ogens in our study was higher than that reported in a
similar study in Bangladesh [22]. This differences in
colonisation prevalence may be due to several reasons,
including differences in ethnic and geographical settings,
that our study women were colonised with a wider range
of pathogen species and the small sample size in the
Bangladesh study. E. coli, K. pneumoniae and S. aureus
were the most commonly isolated species. We found
that the prevalences of individual potentially pathogenic
bacteria were similar to those reported in other studies—
E. coli was the predominant potential pathogen with a
proportion similar to a study in Iran [23]. The propor-
tion of K. pneumoniae isolates we found is similar to
that reported in Nigeria [24] and Bangladesh [22]. An-
other study reported a prevalence of S. aureus vaginal
colonisation in pregnant women similar to ours [25].
The bacteria that colonise the vagina of women in
labour play an important role in newborn health such as
defining their early gut microbiota [26]. A recent study
has demonstrated that maternal vaginal colonisation
with E. coli or S. aureus is significantly associated with
pathogens isolated from the blood of neonates with
early-onset sepsis [27].
In our study, the prevalence of vaginal GBS colonisa-

tion was only 0.2%, which is lower than what similar

studies have reported [28, 29]. The difference could be a
result of the methodological differences between our
study and the other studies. We did not use the Todd
Hewitt medium for GBS isolation, and did not collect
anal swabs in our study, which could potentially have
underestimated the GBS prevalence. The difference
could also result from the fact that we use culture-based
techniques to detect GBS instead of the more sensitive
PCR based methods. However, vaginal colonisation var-
ies greatly across geographical settings and a systematic
review of studies from 85 countries indicates that East
Africa and southern Asia have the lowest prevalence of
maternal vaginal GBS colonisation compared to other
regions [30]. Generally, we observed that there were no
major differences in proportions of women colonised by
potentially pathogenic bacteria between the study sites.
This is an important finding because it indicates that
this was a well-conducted large study and its findings
are generalizable.
We found that women 30 years or more of age ap-

peared more likely to be vaginally colonised with any
potentially pathogenic bacteria and particularly with S.
aureus compared to women who were 20–24 years in
our study. Similar observations have been made in other
studies [19, 21], where they found that older women
were more often colonised than younger women. Vagi-
nal colonisation rates during pregnancy may be attrib-
uted to several factors such as gestational age, mother’s
age and parity. The association we observed could pos-
sibly be due to the fact that the majority of the women
aged ≤30 years in our study were multipara and multi-
gravida. We also found that women who had had at least
5 previous pregnancies appeared less likely to be colo-
nised with these organisms than primigravida women. In

Table 3 Distribution of bacterial isolates from study participants across the three study sites

Bacteria isolated Kawaala
HC III
n = 545
(%)

Kitebi HC
III n =
524 (%)

Mukono
HC IV
n = 403
(%)

Total

n = 1472 (%)

E. coli 203 (37.2) 183 (34.9) 122 (30.3) 508 (34.5)

K. pneumoniae 50 (9.2) 48 (9.2) 47 (11.7) 145 (9.9)

S. aureus 49 9.0) 41 (7.8) 31 (7.7) 121 (8.2)

Citrobacter spp. 38 (7.0) 38 (7.0) 31 (7.7) 107 (7.3)

Enterococcus spp. 16 (2.9) 19 (3.6) 12 (3.0) 47 (3.2)

Enterobacter spp. 21 (3.9) 5 (0.9) 6 (1.5) 32 (2.2)

Acinetobacter spp. 10 (1.8) 10 (1.9) 12 (3.0) 32 (2.2)

K. oxytoca 8 (1.5) 4 (0.8) 11 (2.7) 23 (1.6)

Group B Streptococcus 0 3 (0.6) 0 3 (0.2)

Group A Streptococcus 2 (0.14) 1 (0.07) 0 3 (0.2)

Pseudomonas spp. 0 3 (0.6) 0 3 (0.2)

Proteus mirabilis 1 (0.18) 0 0 1 (0.07)
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contrast, studies in Thailand [31], Trinidad [19] and
India [32] found multigravida women were more often
colonised than primigravida women. These differences
are difficult to explain, and given the exploratory nature
of these analyses, further studies would be needed to
confirm these results.
More surprising was the finding that women living with

domestic animals at home were less likely to be colonised
by E. coli than those who did not live with animals.

Normally, living with animals would be considered an im-
portant risk factor for infection with E. coli [33, 34]. Fur-
ther studies would be needed to identify the underlying
reasons for why these women appeared to be protected.
Few women in our study experienced premature rupture
of membranes (PROM), which is an important risk factor
for neonatal infections [35]. The low prevalence of PROM
among the participants in our study is probably a result of
the pre-delivery screening that is being done at our three

Table 4 Exposures associated with vaginal colonisation with
any potentially pathogenic bacteria of women in labour at three
study sites (N = 1472)

Characteristics N = 1472
(%)

Colonisation

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

Age (years)

20–24 587 (39.9) 1 1

≤ 19 205 (13.9) 0.99 (0.71, 1.37) 0.97 (0.68, 1.38)

25–29 454 (30.8) 1.17 (0.90, 1.51) 1.20 (0.91, 1.58)

≥ 30 226 (15.4) 1.20 (0.86, 1.65) 1.52 (1.03, 2.23)

Education level

Tertiary 130 (8.8) 1 1

No education 33 (2.2) 0.75 (0.35, 1.63) 0.88 (0.40, 1.94)

Primary 455 (30.9) 1.20 (0.81, 1.79) 1.38 (0.91, 2.10)

Secondary 854 (58.0) 1.47 (1.01, 2.15) 1.64 (1.11, 2.43)

Gravida

Primigravida 442 (30.0) 1 1

2–4 pregnancies 910 (61.8) 1.17 (0.92, 1.48) 1.06 (0.80, 1.40)

≥ 5 pregnancies 120 (8.2) 0.79 (0.52, 1.19) 0.59 (0.35, 0.97)

Hospitalisation
during pregnancy

No 1387 (94.2) 1 –

Yes 710 (94.5) 0.80 (0.51, 1.25) –

Antenatal attendance

One time 75 (5.1) 1 –

2–4 times 1259 (85.5) 1.23 (0.77, 1.98) –

5 or more times 138 (9.4) 1.38 (0.77, 2.47) –

Domestic animals
at home

No 1355 (92.1) 1 1

Yes 117 (8.0) 0.86 (0.58, 1.26) 0.80 (0.51, 1.25)

Wealth index

5th Quintile
(least poor)

290 (19.7) 1 1

1st Quintile
(poorest)

489 (33.2) 0.87 (0.64, 1.18) 0.81 (0.57, 1.14)

2nd Quintile 100 (6.8) 1.17 (0.72, 1.91) 1.09 (0.65, 1.83)

3rd Quintile 298 (20.0) 0.95 (0.68, 1.34) 0.87 (0.60, 1.27)

4th Quintile 295 (20.0) 1.09 (0.77, 1.54) 1.01 (0.70, 1.46)

Table 5 Exposures associated with vaginal S. aureus
colonisation of women in labour at three study sites (N = 1472)

Characteristics N = 1472
(%)

S. aureus colonisation

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

Age (years)

20–24 587 (39.9) 1 1

≤ 19 205 (13.9) 1.10 (0.60, 2.00) 0.90 (0.48, 1.69)

25–29 454 (30.8) 1.12 (0.70, 1.78) 1.34 (0.81, 2.19)

≥ 30 226 (15.4) 1.47 (0.86, 2.51) 2.17 (1.17, 4.00)

Education level

Tertiary 130 (8.8) 1 1

No education 33 (2.2) 0.87 (0.18, 4.22) 1.04 (0.21, 5.24)

Primary 455 (30.9) 1.33 (0.63, 2.82) 1.61 (0.73, 3.53)

Secondary 854 (58.0) 1.11 (0.54, 2.28) 1.27 (0.61, 2.67)

Gravida

Primigravida 442 (30.0) 1 1

2–4 pregnancies 910 (61.8) 0.87 (0.58, 1.32) 0.67 (0.41 1.10)

≥ 5 pregnancies 120 (8.2) 0.64 (0.28, 1.47) 0.33 (0.12, 0.88)

Hospitalisation
during
pregnancy

No 1387 (94.2) 1 –

Yes 710 (94.5) 1.04 (0.47, 2.3) –

Antenatal attendance

One time 75 (5.1) 1 –

2–4 times 1259 (85.5) 0.96 (0.41, 2.27) –

5 or more times 138 (9.4) 1.30 (0.48, 3.53) –

Domestic animals
at home

No 1355 (92.1) 1 1

Yes 117 (8.0) 0.72 (0.33, 1.58) 0.78 (0.32, 1.87)

Wealth index

5th Quintile
(Least poor)

290 (19.7) 1 1

1st Quintile
(Poorest)

489 (33.2) 1.27 (0.74, 2.18) 1.14 (0.63, 2.09)

2nd Quintile 100 (6.8) 0.96 (0.40, 2.34) 0.84 (0.33, 2.13)

3rd Quintile 298 (20.0) 1.07 (0.58, 1.98) 0.99 (0.51, 1.93)

4th Quintile 295 (20.0) 1.03 (0.55, 1.92) 0.96 (0.50, 1.84)
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health facilities, where women who are considered to be
at risk of experiencing PROM or other complications dur-
ing delivery are early on referred to tertiary hospitals.
One of the limitations of this study is that we only

enrolled HIV-1 negative women. Nevertheless, we are
confident that these findings are generalisable to the major-
ity of women in reproductive age in Uganda because 92%
of women of reproductive age in Uganda are HIV-1 nega-
tive. Since we used traditional microbiological methods to

identify the different potential pathogenic bacteria, our
prevalence estimates are probably lower than they would
have been if we instead had used molecular profiling
methods, such as PCR, to detect colonization.

Conclusion
We found that among HIV-1 negative women in labour at
health facilities in Central Uganda, almost two-thirds had
vaginal colonisation by potentially pathogenic bacteria,

Table 6 Exposures associated with vaginal E. coli colonisation of
women in labour at three study sites (N = 1472)

Characteristics N = 1472
(%)

E. coli colonisation

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

Age (years)

20–24 587 (39.9) 1 1

≤ 19 205 (13.9) 1.18 (0.85, 1.65) 1.10 (0.77, 1.57)

25–29 454 (30.8) 1.04 (0.80, 1.35) 1.06 (0.80, 1.40)

≥ 30 226 (15.4) 1.06 (0.77, 1.46) 1.20 (0.82, 1.75)

Education level

Tertiary 130 (8.8) 1 1

No education 33 (2.2) 0.88 (0.37, 2.05) 0.94 (0.39, 2.26)

Primary 455 (30.9) 1.10 (0.72, 1.68) 1.15 (0.74, 1.80)

Secondary 854 (58.0) 1.33 (0.89, 1.98) 1.37 (0.91, 2.07)

Gravida

Primigravida 442 (30.0) 1 1

2–4 pregnancies 910 (61.8) 0.96 (0.76, 1.22) 0.99 (0.74, 1.32)

≥ 5 pregnancies 120 (8.2) 0.75 (0.49, 1.17) 0.75 (0.43, 1.29)

Hospitalisation
during
pregnancy

No 1387 (94.2) 1 –

Yes 710 (94.5) 0.74 (0.46, 1.21) –

Antenatal attendance

One time 75 (5.1) 1 –

2–4 times 1259 (85.5) 1.14 (0.69, 1.88) –

5 or more times 138 (9.4) 0.87 (0.47, 1.59) –

Domestic animals
at home

No 1355 (92.1) 1 1

Yes 117 (8.0) 0.64 (0.42, 0.98) 0.57 (0.35, 0.92)

Wealth index

5th Quintile
(Least poor)

290 (19.7) 1 1

1st Quintile
(Poorest)

489 (33.2) 0.93 (0.69, 1.26) 0.77 (0.55, 1.09)

2nd Quintile 100 (6.8) 1.57 (0.99, 2.49) 1.30 (0.80, 2.11)

3rd Quintile 298 (20.0) 0.81 (0.57, 1.14) 0.67 (0.46, 1.0)

4th Quintile 295 (20.0) 0.96 (0.68, 1.35) 0.83 (0.57, 1.19)

Table 7 Exposures associated with vaginal K. pneumoniae
colonisation of women in labour at three study sites (N = 1472)

Characteristics N = 1472
(%)

K. pneumoniae colonisation

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

Age (years)

20–24 587 (39.9) 1 1

≤ 19 205 (13.9) 1.12 (0.67, 1.89) 1.45 (0.83, 2.55)

25–29 454 (30.8) 1.07 (0.71, 1.61) 0.96 (0.63,1.48)

≥ 30 226 (15.4) 0.8 (0.46, 1.40) 0.81 (0.43,1.51)

Education level

Tertiary 130 (8.8) 1 1

No education 33 (2.2) 0.77 (0.21, 2.82) 0.73 (0.19, 2.80)

Primary 455 (30.9) 0.70 (0.37, 1.31) 0.65 (0.33, 1.27)

Secondary 854 (58.0) 0.88 (0.49, 1.58) 0.83 (0.46,1.52)

Gravida

Primigravida 442 (30.0) 1 1

2–4 pregnancies 910 (61.8) 1.28 (0.86, 1.90) 1.49 (0.93, 2.36)

≥ 5 pregnancies 120 (8.2) 0.76 (0.49, 1.67) 1.05 (0.41, 2.68)

Hospitalisation
during
pregnancy

No 1387 (94.2) 1 –

Yes 710 (94.5) 1.40 (0.73, 2.7) –

ANC attendance

One time 75 (5.1) 1 –

2–4 times 1259 (85.5) 1.49 (0.59,3.76) –

5 or more times 138 (9.4) 2. 10 (0.75,5.90) –

Domestic
animals at home

No 1355 (92.1) 1 1

Yes 117 (8.0) 1.17 (0.64, 2.14) 1.52 (0.74, 3.12)

Wealth index

5th Quintile
(least poor)

290 (19.7) 1 1

1st Quintile
(poorest)

489 (33.2) 1.04 (0.62, 1.76) 1.22 (0.66, 2.25)

2nd Quintile 100 (6.8) 0.83 (0.35, 2.00) 0.97 (0.38, 2.47)

3rd Quintile 298 (20.0) 1.57 (0.91, 2.70) 1.82 (0.98, 3.39)

4th Quintile 295 (20.0) 1.44 (0.83, 2.50) 1.61 (0.88, 2.95)
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mainly E. coli, K. pneumoniae, and S. aureus. This is of
concern since exposures to pathogenic bacteria during
birth is likely to increase the risk of newborn infections.
We have also identified exposures that appear to be asso-
ciated with colonisation with these potentially pathogenic
organisms. Further studies are needed to evaluate the
virulence of the potential pathogens and the risk of neo-
natal infections associated with this colonisation.
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