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Abstract
Background

Bacterial colonization is a recognized cause of premature rupture of membranes (PROM), a predictor of
poor maternal and fetal outcomes. Despite routine use of antibiotics in women with PROM, data on
antibiotic susceptibility patterns in Uganda are limited. We determined the prevalence and associated
factors of cervical amniotic fluid bacterial colonization, and described the bacterial isolates and antibiotic
susceptibility patterns among women seeking care at Mbarara Regional Referral Hospital (MRRH) in
Southwestern Uganda.

Methods

We conducted a cross-sectional study at MRRH from December 21, 2020 to June 12, 2021. We
consecutively enrolled women with PROM at = 24 weeks of gestation, and aseptically picked two endo-
cervical swabs irrespective of prior antibiotic use. Aerobic cultures were performed on blood, chocolate,
MacConkey agars and incubated at 35—-37-C for 24—72 hours. Polymerase chain reaction (PCR) was
performed on culture-negative samples. Antibiotic susceptibility was performed via Kirby-Bauer disk
diffusion and dilution method. Interviewer-administered questionnaires were used to obtain participants’
characteristics. We performed multivariable logistic regression to determine factors associated with
bacterial colonization.

Results

We enrolled 144 participants with mean age of 26.5 = 6.2 years. Prevalence of cervical amniotic bacterial
colonisation was 35.4% (n =51; 95%Cl: 28.0-43.7). Six bacteria were isolated: Klebsiella pneumoniae (n
=15; 34.1%), Staphylococcus aureus (n = 11; 25.0%), Enterobacter agglomerans (n =10; 22.7%),
Escherichia coli (n = 3; 6.8%), Streptococcus spp (n = 3; 6.8%), and Enterococcus faecalis (n =2;4.6%).
Ciprofloxacin exhibited the highest sensitivity (88.6%), followed by cefuroxime (75%), while all isolated
bacteria demonstrated resistance to ampicillin. Factors independently associated with cervical amniotic
fluid bacterial colonisation were prime gravidity (aOR =2.69; 95%Cl: 1.07-6.71, p=0.035), obesity (aOR =
3.15;95%Cl: 1.10-9.11, p= 0.024) and being referred-in (aOR =2.37;95% Cl: 1.04-5.3, p=0.038).

Conclusion

Approximately one-third of the women had cervical amniotic fluid bacterial colonization, with all the
bacterial isolates being resistant to ampicillin —the recommended first line of treatment for PROM by the
Ministry of Health. There is a need to review the guidelines for the prophylactic use of ampicillin in PROM
in our setting. Revising treatment protocols and considering alternative antibiotics based on local
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resistance patterns could improve patient outcomes and prevent complications associated with
ineffective antibiotic therapy in the context of PROM.

Background

Premature rupture of membranes (PROM) refers to the spontaneous disruption in the integrity of the
amniotic sac with leakage of amniotic fluid after 24 weeks of gestation but before the onset of labor[1]. It
is a common obstetric condition occurring in 10% of pregnancies globally and causing significant
maternal and prenatal morbidity and mortality[2]. PROM is influenced by various factors, including
bacterial invasion of the amniotic cavity, sterile inflammation, low body mass index, and maternal stress.
Sterile inflammation plays a significant role in the weakening of the fetal membranes, involving the
release of pro-inflammatory biomarkers, growth factors, and matrix-degrading enzymes by pattern
recognition receptors (PRPs), thereby triggering an inflammatory response independent of bacterial
presence[3] [4]. Ascending bacterial infection from the lower genital tract is the primary cause of preterm
premature rupture of membranes (PROM), resulting in infection and inflammation of the fetal
membranes and placenta. The prevalence of bacteria colonization in the cervical amniotic fluid varies
between 20% and 50%, influenced by geographical region and the specific method employed to detect the
presence of bacteria [5]. A study conducted at Mulago National Referral Hospital in Uganda revealed a
prevalence of 30% for bacteria colonization in the cervical amniotic fluid[6].

Culture is considered the gold standard for determining bacterial colonization; however, some bacteria
that have been implicated in the causation of PROM such as Urea urealyticum, Mycoplasma species,
Fusobacterium nucleatum, Leptotrichia species are uncultivable or difficult to cultivate [7, 8]. Molecular-
based identification techniques, such as the polymerase chain reaction (PCR), prove invaluable in cases
where traditional cultivation methods are inadequate [9, 10]. Cervical amniotic fluid bacterial colonization
in women with PROM has also been reported to be associated with several factors, including duration of
PROM, prior antibiotic use, gestation age, obesity, urinary tract infections, and abnormal vaginal
discharge [11, 12].

Group B streptococcus (GBS), a common bacterium found in the vagina and rectum of women, has long
been associated with the causation or complication of most cases of preterm PROM [13, 14]. In response,
Uganda's Ministry of Health adopted the World Health Organization's (WHO) recommendation of
intravenous ampicillin along with oral erythromycin for the initial 48 hours, followed by oral amoxicillin or
erythromycin for five days, as a prophylactic treatment for PROM[15]. However, recent studies conducted
in Asia and Africa have indicated a shift in bacterial patterns in the amniotic fluid of women with PROM,
with a decrease in GBS predominance and an increase in the prevalence of Escherichia coli, Klebsiella
pneumoniae, and Staphylococcus aureus; furthermore, there is growing evidence of antibiotic resistance
among these bacteria in women with PROM[16, 17]. Data on bacterial isolates and antibiotic
susceptibility patterns in Uganda, and particularly in southwestern Uganda are limited, yet antibiotics are
routinely administered to mothers with PROM in Uganda. Thus, continued use of the current antibiotic
guidelines in PROM, without periodically reviewing the antibiotic resistance profile, may not only increase
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resistance through the emergence of multidrug resistant strains, but also in drug waste and
complications for patients due to ineffective treatment. This study determined the prevalence and
associated factors of cervical amniotic fluid bacterial colonization, and described the bacterial isolates
and antibiotic susceptibility patterns among pregnant women seeking care at Mbarara Regional Referral
Hospital (MRRH) in Southwestern Uganda.

Materials and Methods
Study design and setting

A cross-sectional study was conducted at the maternity ward of MRRH from December 21, 2020 to June
12,2021. MRRH is a public facility and a teaching hospital for Mbarara University of Science and
Technology (MUST) located in Southwestern Uganda, and serves as a referral centre for over ten districts
attracting women with different pregnancy complications including PROM. The hospital has a high
volume of clients, with maternity admitting 11,000 women annually. The hospital also has well-
established departments of obstetrics, microbiology and paediatrics among others. The MRRH
microbiology and molecular laboratory is a level three accredited laboratory and participates in external
quality control conducted by the Uganda National Health Laboratory Services and the American College
of Pathologists.

Study variables

The dependent variable was cervical amniotic fluid bacterial colonization. Independent variables were
socio-demographic factors (age and referral status), obstetric characteristics (gestational age, gravidity,
number of antenatal care visits, duration of drainage of liquor, antibiotic use since drainage started and
features of clinical chorioamnionitis, fever, maternal tachycardia, fetal tachycardia, foul smelling liquor,
abdominal tenderness), and medical factors (underlying medical illnesses, including HIV/AIDS, diabetes
mellitus, urinary tract infections, abnormal vaginal discharge and obesity). We categorized gestational
age as preterm (< 37 weeks) or term and beyond (= 37 weeks).

Inclusion and exclusion criteria

We included pregnant women admitted at = 24 weeks of gestation with PROM during the study period
(from December 21, 2020 to June 12, 2021). The diagnosis of PROM was made by the attending
obstetrician. There were no exclusion criteria.

Sample size and sampling

Sample size estimation for this study was performed using Kish Leslie's formula for cross-sectional
surveys (Kish, 1965). The assumptions considered were a presumed proportion of cervical amniotic fluid
colonization at 0.3[6], a desired margin of error of 5% at a 95% confidence level, and a source population
of 240 women. Through a review of maternity registers, it was determined that the hospital admits
approximately 40 women with PROM per month, leading to an estimated source population of 240
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participants over a six-month period. Considering a 10% non-response rate, the final calculated sample
size was determined to be 144 women. The participants were selected using consecutive sampling.

Collection of data and endocervical samples

Each participant gave a written informed consent. We used an interviewer-administered pretested
questionnaire to obtain data on participants’ demographics, medical, and obstetric factors. Two sterile
individually packed endocervical samples were then collected by rotating the swab through 360 degrees
in the endocervical canal (except for every 10th participant where two other samples were picked for
analysis in another laboratory for quality control) and were labelled with unique participant numbers.

Sample testing by culture

The endocervical sample was inoculated onto 5% sheep blood agar, MacConkey agar, Mannitol salt agar,
and modified Thayer martin agar to isolate aerobic bacteria. The inoculated media was incubated at 37°C
aerobically for 24—-72 hours. Modified Thayer martin agar plates were incubated in a humidified
atmosphere with 5% carbon dioxide. Identification of the cultured isolate was done by conventional
phenotypic and biochemical methods which included; catalase, coagulase, DNA-ase for staphylococcus
aureus (which produces positive catalase, coagulase, and DNA-ase tests) and urease, citrate utilization,
oxidase, triple sugar iron for identification and differentiation of gram-negative bacilli.

Antimicrobial susceptibility testing was performed by the Kirby-Bauer disc diffusion method. The medium
for fastidious organisms was chocolate agar and incubated in carbon dioxide. For non-fastidious
organisms, we used Muller Hinton Agar (MHA) incubated aerobically at 37-C. The inoculum density
required for susceptibility testing was 0.5% McFarland. The choice of antibiotic discs was based on the
type of organism(s) cultured. The following antimicrobial agents were employed: ceftriaxone (30ug),
ciprofloxacin (5ug), amoxicillin (10ug), oxacillin (10ug) and erythromycin (15ug), gentamycin (10ug),
amoxicillin/clavulanate (10ug), cefixime (10ug), cefuroxime (10ug), azithromycin (10ug), doxycycline
(10ug) were used for susceptibility testing

Sample testing by PCR

Presence of 16S rRNA gene (16SrDNA) was established by PCR amplification of genomic DNA using the
following set of primers: Forward (AGAGTTTGATCMTGGCTCAG) and reverse
(GGACTACCAGGGTATCTAATCCTGTT) primers, that amplify the 16S rRNA gene, that were added to the 2
times (2X) master mix containing standard buffer, INTPs and Taq polymerase (M0486S) and nuclease-
free water as follows: 12.5 pL of the 2X master mix; 1.0 pL forward (25 pM), 1.0 pL reverse (25 pM), 5 pL
DNA template. RNAase-free-H,0 was used to make up to final reaction volume of 25pL.

PCR conditions were as follows: Initial denaturation at 95°C for 60 seconds, followed by 35 cycles at
95°C for 10 seconds, 54°C for 10 seconds, and 72°C for 50 seconds with a final extension of 72°C for 5
minutes (1, 2). Gel electrophoresis was performed using a 1.2% agarose gel containing Safe View DNA
stain, 6x loading dye (Thermo Scientific #R0611), and 500 bp molecular weight marker (NEB-Biolabs
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#N3231L) for 45minutes at 120 v. PCR amplicons were visualized using the Gene-Flash Trans-illuminator
as shown in Fig. 1.

Data management and analysis

Data were entered into Redcap and exported to STATA version 15 (StataCorp, Texas, USA) for analysis.
The prevalence of cervical amniotic fluid bacterial colonization was determined by calculating the
proportion of women who tested positive for either a positive culture or PCR, divided by the total number
of women enrolled in the study, and expressed as a percentage.

The distribution of bacterial isolates was visually represented using a bar graph, where each isolate was
depicted alongside its corresponding total count and percentage relative to the overall isolates. In terms
of antibiotic susceptibility, a tabular format was utilized to present the susceptibility patterns of the
isolates, indicating the frequencies and percentages for each bacterial isolate.

To identify factors associated with cervical amniotic fluid bacterial colonisation we used univariable and
multivariable logistic regression. At univariable analysis, odds ratios and their corresponding 95%
confidence intervals were reported. Variables with a p-value < 0.2 at univariable analysis and biologically-
plausible factors (gestational age, durational of PROM, presence of urinary tract infection, history of
abnormal vaginal discharge and presence of abdominal tenderness) were included in multivariable
analysis model. Factors with p-value < 0.05 at multivariable analysis were taken as statistically
significant.

Results

Baseline socio-demographic and obstetric characteristics
of study participants

We enrolled 144 participants with mean age of 26. 5 + 6.2 years; most participants (75%) were in the 20—
30-year age category (Table 1). The women with and those without cervical amniotic fluid bacterial
colonization did not differ significantly with regard to the distribution of most of the baseline
characteristics except for gravidity (p = 0.009) and referral status (p = 0.038). Primigravidae women had a
higher proportion of bacterial colonization (54.9%) compared to multigravidas (45.1%). A higher
proportion of women who were referred to the hospital (70.6%) had cervical amniotic fluid bacterial
colonization compared to those who were not referred (52.7%).
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Table 1

Socio-demographic, obstetric and Clinical characteristics of women with premature
rupture of membranes at Mbarara Regior(lal Refer)ral Hospital, December 2020-June
2021,(N=144

Variables Bacterial colonisation p-value
Overal, N=144(%) Yes,N=51(%) No,N=93 (%)

Age (years)

20-30 108 (75.0) 39 (76.5) 69 (74.1)

<20 18 (12.5) 9(17.6) 9(9.7) 0.265

35+ 18 (12.5) 3(5.9) 15 (16.1) 0.117

Residence 88 (61.1) 33 (64.7) 55 (59.1) 0.513

Rural 56 (38.9) 18 (35.3) 38 (40.9)

Urban

Marital status

Married 129 (89.6) 44 (86.7) 85 (91.4)

Not married 15(10.4) 7 (13.7) 8 (8.6) 0.340

Referred

No 59 (41.0) 15 (29.4) 44 (47.3)

Yes 85 (59.0) 36 (70.6) 55 (52.7) 0.038

Body mass index

Normal 41 (28.7) 10 (19.6) 31 (33.7)

Overweight 60 (42.0) 23 (45.1) 37 (40.2) 0.145

Obese 42 (29.4) 18 (35.3) 24 (26.1) 0.078

Urinary Tract Infection

No 93 (64.6) 35 (68.6) 58 (62.4)

Yes 51 (35.4) 16 (31.3) 35 (37.6) 0.453

Abnormal Vaginal Discharge

No 131 (91.0) 45 (88.2) 86 (92.5)

Yes 13 (9.0) 6(11.8) 7 (7.5) 0.400

SD: Standard Deviation; PROM: Premature rupture of membranes
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Variables

Overall, N = 144(%)

HIV status

Negative 127 (88.2)
Positive 17 (11.8)
Gravidity

Multigravida 86 (59.7)
Primigravida 58 (40.3)
Gestational age

<37 weeks 53 (36.8)
>37 weeks 91 (63.2)
ANC attendance

<4 87 (60.4)
>4 57 (39.6)

Duration of PROM
<12 hours 84 (58.3)
> 12hours 60 (41.7)
Presence of foul-smelling liquor
No 121 (84.0)

Yes 23 (16.0)

Abdominal tenderness

No 137 (95.1)
Yes 7 (4.9)
Fever

No 139 (96.5))
Yes 5(3.5)

Maternal tachycardia

Bacterial colonisation

Yes, N=51(%)

46 (90.2)
5(9.8)

23 (45.1)
28 (54.9)

17 (23.3)
34 (66.7)

30 (58.8)
21 (41.2)

27 (53.0)
24 (47.1)

40 (78.4)
11 (21.6)

49 (96.1)
2 (3.9)

50 (98.0)
1(2.0)

No, N =93 (%)

81 (87.1)
12 (12.9)

63 (67.7)
30 (32.3)

36 (38.7)
57 (61.3)

57 (61.3)
36 (38.7)

57 (61.3)
36 (38.7)

81 (87.1)
12 (12.9)

88 (94.6)
5(5.4)

89 (95.7)
4 (4.3)

SD: Standard Deviation; PROM: Premature rupture of membranes

p-value

0.583

0.009

0.523

0.772

0.332

0.179

0.699

0.474

Page 9/23




Variables Bacterial colonisation p-value
Overall, N=144(%) Yes,N=51(%) No,N=93 (%)

No 115(79.9) 43 (84.3) 72 (77.4)

Yes 29 (20.1) 8(15.7) 21 (22.6) 0.326
Antibiotic use since draining started

Yes 29 (20.1) 12 (23.5) 17 (18.3)

No 115 (79.9) 39 (76.5) 76 (81.7) 0.454

SD: Standard Deviation; PROM: Premature rupture of membranes

Prevalence of cervical amniotic fluid bacterial colonization

Among the 144 women with PROM at gestational age = 24 weeks, a total of 51 participants were found
to have bacterial colonization, resulting in a prevalence of 35.4% (95% confidence interval [CI]: 28.0-43.7).

Bacterial isolates from cervical amniotic fluid

A total of six different bacteria were isolated, with each sample containing only one bacterial isolate.
Among the 44 isolates, the majority (n = 28; 63.6%) were Gram-negative. Klebsiella pneumoniae was the
most frequent isolate (n = 15; 34.1%), followed by Staphylococcus aureus (n = 1125.0%), Enterobacter
agglomerans (n = 10;22.7%), and the remaining isolates consisted of Escherichia coli (6.8%),
Streptococcus spp (6.8%) and Enterococcus faecalis (4.6%) (Fig. 2).

Antibiotic susceptibility patterns for the bacterial isolates

Of the 44 isolated bacteria, a notable majority were sensitive to ciprofloxacin (88.6%), cefuroxime (75%)
and ceftriaxone (72.7%). However, all the isolated bacteria were resistant to ampicillin, while a significant
portion were resistant to amoxycillin (72.7%) and azithromycin (54.5%) (Table 2).

Among all the isolates of Klebsiella pneumoniae, 100% showed resistance to ampicillin, while 86.7%
(13/15) were resistant to amoxicillin. Fourteen out of fifteen isolates (93.3%) were sensitive to
ciprofloxacin, cefuroxime, and gentamicin, and 60% (9/15) were sensitive to ceftriaxone.

For the 11 isolates of Staphylococcus aureus, all showed resistance to ampicillin, and 81.8% (9/11) were
resistant to erythromycin. However, 90.9% (10/11) were sensitive to ceftriaxone and cefuroxime, and
81.8% (9/11) were sensitive to ciprofloxacin. All isolates of Streptococcus spp exhibited resistance to
ampicillin and erythromycin. However, they showed sensitivity to azithromycin, cefuroxime, ceftriaxone,
gentamicin, and ciprofloxacin (Table 2).
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Table 2

Antibiotic susceptibility patterns of the bacterial isolates in cervical amniotic fluid of women with
premature rupture of membranes at Mbarara Regional Referral Hospital, December 2020-June 2021, (n

=44)
Antibiotics Bacterial Isolates
S. Strep. E. Klebsiella E. coli E. Total
aureus faecalis agglom
(n=3), (h=15), (n=3) (n=44),
(n=11), " (n=2), %) n (%) (n=10), " %)
9 n (%
n (%) n n (%) n (%)
AMO S 5(455) 1 0 (0.0) 2 (13.3) 1 3 (30.0) 12 (27.3)
(33.3) (33.3)
13 (86.7) 7 (70.0) 32 (72.7)
R 6(546) 2 2 (100) 2
(66.7) (66.7)
AMP S 0(0.0) 0(0.0) 0(0.0) 0 (0.0) 0(0.0) 0(0.0) 0 (0.0)
R 11(100) 3(100) 2(100) 15(100)  3(100) 10(100) 44 (100)
AMOCLAV S 9(81.8) 2 0 (0.0) 9 (60.0) 1 5 (50.0) 26 (59.1)
(66.7) (33.3)
6 (40.0) 5 (50.0) 18 (40.9)
R 2(182) 1 2 (100) 2
(33.3) (66.7)
OXAC S 8(727) 2 2 (100) 12 (75.0)
(66.7)
R 3(27.3) 1 0 (0.0) 4 (25.0)
(33.3)
AZITHRO S 5(455) 3(100) 1 (50.0) 8 (53.3) 1 2 (20.0) 20 (45.5)
(33.3)
R 6(54.5 0(0.0) 1(50.0) 7 (46.7) , 8 (80.0) 24 (54.5)
(66.7)
ERYTH S 2(182) 0(0.0) 0(0.0) 2 (12.5)
R 9(81.8) 3(100) 2(100.0) 14 (87.5)
CEFIX S 8(727) 2 0 (0.0) 6 (40.0) 1 8(80.0)  25(56.8)
(66.7) (33.3)
R 3(27.3) : 2 (100) 9 (60.0) ) 2 (20.0) 19 (43.2)
(33.3) (66.7)
CEFTRI S 10 3(100) 1 (50.0) 9 (60.0) 2 7 (70.0) 32 (72.7)
(90.9) (66.7)
R 0(0.0) 1(50.0) 6 (40.0) 3 (30.0) 12 (27.3)
1(9.1) 1
(33.3)
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Antibiotics Bacterial Isolates

S. Strep. E. Klebsiella E. coli E. Total
aureus faecalis agglom
(n=3), (n=15), (n=3), (n=44),
(n=11), %) (n=2), %) n (%) (n=10), " (%)
n
" e n (%)
CEFUROX S 10 3(100) 2 (100) 10 (66.7) 2 6(60.0)  33(75.0)
(90.9) (66.7)
R 0(0.0) 0(0.0) 5(33.3) 4(40.0)  11(25.0)
1(9.1) 1
(33.3)
CIPRO S 9(81.8) 3(100) 2(100) 14(93.3) 3(100) 8(80.0)  39(88.6)
R 2(182) 0(0.00 0(0.0) 1(7.1) 0(0.0) 2(20.0) 5(11.4)
GENTA S 6(54.5) 3(100) 1 (50.0) 10 (66.7) 1 6(60.0) 27
(33.3) (61.4))
R 5(455) 0(0.0) 1(50.0) 5(33.3) 4 (40.0)
2 17 (38.6)
(66.7)
DOXY S 0(0.0) 1 0 (0.0) 5(33.3) 0(0.00 4(40.0) 10(22.7)
(33.3)
R 11 (100) ) 2 (100) 10 (66.7) 3(100) 6(60.0) 34 (77.3)
(66.7)

AMP. ampicillin, AMO: amoxicillin, AMOCLAV: amoxicillin/Clavulanic acid, AZITHRO: azithromycin,
OXAC: oxacillin, CEFIX: cefixime, CEFTRI. ceftriaxone, CIPRO: ciprofloxacin, DOXY: doxycycline,
GENTA: Gentamycin, CEFUROX: cefuroxime, ERYTH-: erythromycin, S. aureus: Staphylococcus aureus,
E. coli: Escherichia coli, E. agglom: Enterobacter agglomerans, E. faecalis: Enterococcus faecalis, S:
Sensitive, R: Resistant

Factors associated with cervical amniotic fluid bacterial
colonization

Being a primigravida, obese or being referred were associated with bacterial colonization. Primigravidae
were about 2.7 times more likely to have cervical amniotic fluid bacteria colonisation as compared to
multigravidas (aOR: 2.69, 95% C.I: (1.07-6.71), p=0.035). Obese women had three times higher odds of
cervical amniotic fluid bacteria colonisation compared to those with a normal body mass index (aOR:
3.15,95% C.I: (1.10-9.11), p= 0.024). Women who were referred had approximately 2.37 times higher
odds of cervical amniotic fluid bacterial colonization compared to those who were not referred (aOR =
2.37,95%Cl: 1.04-5.3, p=0.038) (Table 3).
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Table 3

Factors associated with cervical amniotic fluid bacterial colonisation among women with PROM at

Mbarara Regional Referral Hospital, December 2020-June 2021

Variables bacterial colonization (n = cOR (95% C.I) p- aOR (95% C.I)
51), value
n (%)
Age (years)
20-34 39 (76.5) Ref. Ref.
<20 9 (17.6) 1.77 (0.65- 0.265  1.05(0.24-
4.83) 3.14)
35+ 3(5.9) 0.35(0.10- 0.117 0.48 (0.12-
1.30) 1.93)
Gravidity
Multigravida 23 (45.1) Ref. Ref.
Primigravida 28 (54.9) 2.56 (1.27- 0.009  2.69 (1.07-
5.16) 6.71)

Body mass index

Normal 10 (19.6) Ref. Ref.

Overweight 23 (45.1) 1.93 (0.80- 0.145 1.62(0.62-
4.66) 4.30)

Obese (= 18 (35.3) 2.33(0.91- 0.078  3.15(1.10-

30) 5.95) 9.11)

Gestational age

>37 weeks 17 (23.3) Ref. Ref.

<37 weeks 34 (66.7) 0.79 (0.39- 0.523  0.89(0.39-
1.62) 2.01)

Duration of PROM

<12 hours 27 (53.0) Ref. Ref.

> 12hours 24 (47.1) 1.41 (0.71- 0.332  1.49 (0.68-
2.81) 3.26)

Presence of foul-smelling liquor

No 40 (78.4) Ref. Ref.

cOR: crude Odds Ratio; Ref: Reference group; Cl: confidence Interval; aOR: adjusted Odds Ratio;

PROM: Premature rupture of membranes

p-
value

0.931

0.298

0.035

0.323

0.034

0.779

0.323
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Variables bacterial colonization (n = cOR (95% C.I) p- aOR (95% C.I) p-

51), value value
n (%)
Yes 11 (21.6) 1.86 (0.75- 0.179 2.05(0.68- 0.204
4.57) 6.23)

Urinary tract infection

No 35 (68.6) Ref. Ref.
Yes 16 (31.3) 0.76 (0.37- 0453  0.54(0.24- 0.141
1.56) 1.23)

History of abnormal vaginal discharge

No 45 (88.2) Ref. Ref.

Yes 6 (11.8) 1.64 (0.52- 0.400  2.01 (0.56- 0.288
5.17) 7.95)

Referred

No 15 (29.4) Ref. Ref.

Yes 36 (70.6) 2.15(1.04- 0.038  2.37(1.04- 0.038
4.46) 5.37)

cOR: crude Odds Ratio; Ref: Reference group; Cl: confidence Interval; aOR: adjusted Odds Ratio;

PROM: Premature rupture of membranes

Discussion

This study found that about one-third of women (35%) with PROM seeking care at MRRH had cervical
amniotic bacterial colonization. The most common bacteria isolate was Klebsiella pneumoniae followed
by Staphylococcus aureus. There was good sensitivity to quinolones and cephalosporins and marked
resistance to penicillins. Cervical amniotic bacterial colonization was associated with being a prime
gravida, being obese and being referred in. Overall these findings highlight the need to periodically review
and update guidelines for the prophylactic use of antibiotics in PROM management; revising treatment
protocols and considering alternative antibiotics based on local resistance patterns could improve patient
outcomes and prevent complications associated with ineffective antibiotic therapy.

The prevalence of cervical amniotic bacterial colonization of 35% reported in the current study is
consistent with findings from studies conducted at Mulago Hospital, Uganda (30% in 2017), and Wayne
State University, USA (41% in 2015) [6] [5]. However, a study at Stanford University, USA in 2010 reported a
higher prevalence of 50% [18]. The similarity of our findings with those at Wayne University could be
attributed to the use of universal primers for PCR, which allows for the detection of a broad range of
bacteria. In contrast, the higher prevalence at Stanford University may be due to the use of both universal
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primers and group-specific primers, enabling the detection of bacterial presence in a larger number of
samples.

The observed high prevalence of amniotic fluid bacterial colonization in our study is concerning, as
previous research has linked such colonization to adverse pregnancy outcomes for both mothers and
fetuses.[19]. For example, a study investigating the effects of amniotic fluid bacterial colonization on
uterine activity and delivery outcomes found associations with poor cervical dilatation, response to
oxytocin, and an increased risk of intrapartum infection [20]. Intrauterine infection following ascending
vaginal colonization has also been implicated in causation of preterm labor, preterm births, still births,
early onset neonatal sepsis among other complications[21].

Klebsiella pneumoniae, the commonest isolate in our study, has also been found to predominate amniotic
fluid colonisation in PROM in studies conducted at a national referral hospital in Uganda, [6] and in
Nigeria [17]. Gastrointestinal tract is a major reservoir of Klebsiella pneumoniae[22]. The close proximity
of the gastrointestinal and genital tracts poses a high risk for contamination, allowing the bacteria to
ascend to the cervix. This ascending colonization can lead to inflammation and subsequent rupture of
the amniotic membrane[23]. Some strains of K. pneumoniae also lack the mannose content of the
capsular polysaccharide that is recognized by the surface lectin of macrophages to mediate complement
and antibody-independent phagocytosis. This makes them virulent and enables them to evade the body’s
defence mechanisms [23].

Staphylococcus aureus, a commonly found bacterium in the human skin microbiota, emerged as the
second most prevalent isolate in our study. Similar findings have been reported in other studies
conducted in India [24] and a meta-analysis from China [16], indicating its predominance in amniotic fluid
colonization during PROM. As a resident flora on the skin, Staphylococcus aureus can easily migrate to
the genital tract [25] and subsequently ascend to the cervix. This ascent can lead to infection and
inflammation of the amniotic membranes, ultimately resulting in PROM. Moreover, in cases where PROM
has already occurred, the presence of Staphylococcus aureus further exacerbates the risk of
complications[23]. Of particular significance, Staphylococcus aureus produces a-toxin, which facilitates
the formation of biofilms. Biofilm formation serves as a protective mechanism against dehydration and
immune factors such as neutrophils and macrophages. This ability of Staphylococcus aureusto form
biofilms enhances its survival and proliferation within the host environment [26, 27]

In contrast to studies conducted in Canada, Australia, and America where Group B Streptococcus (GBS)
was identified as the most common organism colonizing amniotic fluid in PROM [28, 29], This
discrepancy may be attributed to global variations in GBS colonization among pregnant women.A
systematic review encompassing 85 countries revealed significant regional variation, with higher
prevalence observed in America and Canada (25%) and lower incidence in East Africa (18%) [30]. These
regional disparities can be influenced by factors such as temperature variations, genetic factors, and
differences in population demographics[31]. Additionally, socioeconomic factors and variations in natural
immunity within different populations can play a significant role.It is worth noting that a considerable
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number of women in our study were referred from other healthcare facilities. As prophylaxis against GBS
is part of the clinical guidelines[15], it is possible that these referred cases had already received
prophylactic treatment, which could explain the lower prevalence of GBS in this study.

The bacteria isolated in our study exhibited significant resistance to the antibiotics recommended by the
World Health Organization (WHO) and adopted by the Ministry of Health in Uganda for prophylaxis in
PROM. All isolates were resistant to ampicillin, and the majority showed resistance to erythromycin,
amoxicillin, and azithromycin. It is noteworthy that these guidelines were established based on
recommendations from the ORACLE study, conducted over 20 years ago, which did not specifically focus
on bacterial colonization of the female genital tract or antibiotic resistance [32]. The resistance to
ampicillin observed in our study aligns with findings from other studies conducted in Nigeria, Tanzania,
and Uganda [6, 17, 33]. This resistance pattern may be attributed to the overuse of these antibiotics, as
penicillins are commonly prescribed for various bacterial infections [34]. The overuse of antibiotics
directly contributes to the emergence of drug-resistant bacterial strains, and these resistance genes can
be inherited or acquired and transferred among different species of bacteria. Additionally, antibiotics
eliminate drug-sensitive competitors, providing a selective advantage for resistant bacteria to proliferate
through natural selection[35]. The outdated nature of the guidelines, coupled with the alarming rates of
resistance observed in this study, emphasize the importance of updating and tailoring treatment
protocols to address the evolving antibiotic resistance landscape and improve patient outcomes.

The sensitivity of the isolated bacteria to certain cephalosporins was notable, with ceftriaxone
demonstrating a sensitivity rate of 72.7%, and the less commonly prescribed second-generation
cefuroxime exhibiting a sensitivity rate of 75%. Similar findings have been reported in a meta-analysis
conducted in China, as well as studies conducted in Nigeria and Uganda [16] [17] [6]. This could be
attributed to the stable B-lactam ring present in cephalosporins, which confers resistance to the action of
beta-lactamases, enzymes that can inactivate certain antibiotics [36]. Overall, the highest sensitivity was
observed for ciprofloxacin, at 88.6%, which aligns with findings from Nigeria where it reached 96.3% [17].
This could be attributed to ciprofloxacin having experienced a period of high resistance in the past,
leading to its exclusion from many treatment protocols. As a result, its usage has been limited in recent
years[37]. These findings further highlight the importance of selecting appropriate antibiotics for
management of PROM based on their sensitivity profiles and considering the local resistance patterns.
Continued surveillance of antimicrobial resistance could inform prescribing practices and ensure
effective treatment outcomes.

Primigravidae were more likely to have cervical amniotic fluid bacteria colonisation as compared to
multigravidas. Primigravidae may be at a greater risk of bacterial colonization than multigravidas due to
their relatively limited interactions with the healthcare system and potential lack of exposure to
medications that reduce bacterial colonization [38]. Given this increased vulnerability, primigravidae
should be prioritized in the healthcare settings to avoid consequences associated with cervical amniotic
fluid bacterial colonization in PROM.
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Our findings revealed that obese women were more likely to exhibit cervical amniotic fluid bacterial
colonization compared to women with a normal BMI. This observation aligns with previous studies that
have demonstrated a link between obesity and bacterial colonization in the female genital tract[39, 40].
Notably, a significant proportion of bacteria colonizing the amniotic fluid in cases of PROM ascend from
the genital tract[41]. The association between obesity and increased bacterial colonization in the genital
tract may be attributed to several factors. Firstly, obesity can lead to poor genital hygiene due to
excessive sweating and genital perspiration, creating an environment conducive to bacterial growth[40].
Furthermore, obese women often have higher estrogen levels resulting from peripheral aromatization,
which promotes the maturation, proliferation, and accumulation of glycogen in vaginal epithelial cells.
This glycogen serves as a favorable culture medium for bacterial growth[42]. As reported elsewhere [43,
44), it is crucial to prioritize the care of obese mothers by promoting good hygiene practices and
implementing dietary and physical activity adjustments to mitigate the risk of cervical amniotic fluid
bacterial colonization in cases of PROM.

Women who were referred in had higher odds of having cervical amniotic fluid bacteriology than those
who were not referred. One plausible explanation for this observation is that a significant proportion of
women with PROM in our study were referred from lower-level healthcare facilities where protocols for the
accurate diagnosis and management of PROM may be lacking. Consequently, these mothers may have
undergone multiple vaginal examinations and experienced a prolonged latency period before their
presentation, primarily due to the challenges associated with referral transportation in our setting [45, 46].
However, the effect of the number of vaginal examinations was not studied in this study. This may have
resulted into this residual confounding from this unstudied factor. Future studies should examine the
specific factors related to referral and their impact on colonization risk in order to improve diagnosis and
management strategies for this subgroup of women.

Limitations

Our study had some limitations that should be considered. Firstly, we were unable to conduct gene
sequencing on the PCR-positive samples, which restricted our ability to identify and characterize specific
bacterial isolates present in the samples. This information could have provided valuable insights into the
microbial composition and potential virulence factors associated with cervical amniotic fluid bacterial
colonization. Secondly, our study was conducted at a single site, which may limit the generalizability of
our findings to other healthcare settings. The characteristics and practices at our study site may not fully
represent the diverse populations and variations in bacterial colonization rates observed in different
regions. Additionally, the lack of participant follow-up in our study prevented us from assessing important
outcomes and implications related to bacterial colonization, such as maternal sepsis and neonatal
infections. Future studies with longer follow-up periods are needed to evaluate the clinical outcomes and
risks associated with cervical amniotic fluid bacterial colonization.

Despite these limitations, our study benefited from the use of highly sensitive PCR diagnostic testing,
which improved the accuracy of detecting bacterial colonization in addition to traditional culture
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methods. This enhanced sensitivity strengthens the validity of our findings regarding the prevalence of
bacterial colonization in women with PROM.

Conclusions

Approximately one-third of the women in this study had cervical amniotic fluid bacterial colonization.
Alarmingly, all the bacterial isolates demonstrated resistance to ampicillin, the recommended first-line
treatment according to the Ministry of Health guidelines for PROM. This the high prevalence of bacterial
colonization, coupled with the resistance patterns observed, underscores the urgency of revisiting the
current guidelines for the prophylactic use of ampicillin in PROM in our setting. Future longitudinal
studies should assess impact of cervical amniotic fluid bacterial colonization on maternal and perinatal
outcomes, so as to develop evidence-based management strategies that optimize clinical outcomes of
women with PROM in the region and similar low-resource settings.

Abbreviations

aOR: Adjusted Odds Ratio, Cl: Confidence Interval, cOR: Crude Odds Ratio, AIDS: Acquired
Immunodeficiency Syndrome, ANC: Antenatal care, DNA: deoxyribonucleic acid, HIV: Human
Immunodeficiency Virus, GBS: Group B Streptococcus, MRRH: Mbarara Regional Referral Hospital,
PCR: Polymerase Chain Reaction, PROM: Premature Rapture of Membranes, DNA: ribosomal
deoxyribonucleic acid, RNA: Ribonucleic acid, spp: species, UTI: urinary tract infection.

Declarations
Ethics approval and consent to participate

This study was approved by the Faculty of Medicine Research Committee, Mbarara University of Science
and Technology Research Ethics Committee (REC No. 10/11-20), and Uganda National council of Science
and Technology (Ref. No. HS1459ES). Administrative clearance was obtained from the office of the
Hospital Director, Mbarara Regional Referral Hospital, prior to conducting the study. The study complied
with the Declaration of Helsinki. Written informed consent was obtained from each study participant
before recruitment and participation in the study. Confidentiality of the study participants was ensured by
using unique identifiers. Laboratory results were shared with the participants and the clinical care team
for appropriate management.

Availability of data and materials

The datasets generated and analysed for this study are available from the corresponding author, upon
request.

Consent for publication

Page 18/23



Not applicable

Competing interests
The authors declare that they have no competing interests with regard to publication of this work.
Funding

This study received funding from Mbarara University Kayanja Fellowship Program, with support
from Massachusetts General Hospital, USA.

Authors’ contributions

All authors (BA, JN, JB, JM, AO, RM, DCA, GRM, MK and LT) made substantial contribution to the
conception, design of the study, data analysis and interpretation. All the authors took part in drafting this
manuscript and critically reviewed it and agreed to submit to this journal. They also gave the final
approval of this version to be published and agreed to be accountable for all the aspects of the work.

Acknowledgement

We acknowledge the support from the entire department of Obstetrics and Gynecology Department of
Mbarara University of Science and Technology that was accorded during the study period. We also
appreciate the kind midwives; Birungi Paula, Naiga Patience and Kyasimire Daphine who collected the
data, Mwesigye James and Kassaza Kennedy who run the laboratory tests and all the all the women who
willingly accepted to participate in this study.

References

1. Kuba K, Bernstein PS. ACOG practice bulletin no. 188: prelabor rupture of membranes. Obstet
Gynecol. 2018;131(6):1163-4.

2. Tiruye G, Shiferaw K, Tura AK, Debella A, Musa A. Prevalence of premature rupture of membrane and
its associated factors among pregnant women in Ethiopia: A systematic review and meta-analysis.
SAGE Open Medicine. 2021;9:20503121211053912.

3. Choltus H, Lavergne M, Belville C, Gallot D, Minet-Quinard R, Durif J, et al. Occurrence of a RAGE-
mediated inflammatory response in human fetal membranes. Front Physiol. 2020;11:581.

4. Behnia F, Sheller S, Menon R. Mechanistic differences leading to infectious and sterile inflammation.
Am J Reprod Immunol. 2016;75(5):505-18.

5. Romero R, Miranda J, Chaemsaithong P, Chaiworapongsa T, Kusanovic JR, Dong Z, et al. Sterile and
microbial-associated intra-amniotic inflammation in preterm prelabor rupture of membranes. J
Maternal-Fetal Neonatal Med. 2015;28(12):1394-409.

Page 19/23



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Musaba MW, Kagawa MN, Kiggundu C, Kiondo P, Wandabwa J. Cervicovaginal bacteriology and

antibiotic sensitivity patterns among women with premature rupture of membranes in Mulago
hospital, Kampala, Uganda: a cross-sectional study. Infectious diseases in obstetrics and
gynecology. 2017;2017.

. DiGiulio DB, Romero R, Amogan HPR, Kusanovic JP, Bik EM, Gotsch F, et al. Microbial prevalence,

diversity and abundance in amniotic fluid during preterm labor: a molecular and culture-based
investigation. PLoS ONE. 2008;3(8):€3056.

. Han YW, Shen T, Chung P, Buhimschi IA, Buhimschi CS. Uncultivated bacteria as etiologic agents of

intra-amniotic inflammation leading to preterm birth. J Clin Microbiol. 2009;47(1):38-47.

. Rampersaud R, Randis TM, Ratner AJ, editors. Microbiota of the upper and lower genital tract.

Seminars in Fetal and Neonatal Medicine. Elsevier; 2012.

Buchan BW, Ledeboer NA. Emerging technologies for the clinical microbiology laboratory. Clin
Microbiol Rev. 2014;27(4):783-822.

Dechen TC, Sumit K, Ranabir P. Correlates of vaginal colonization with group B streptococci among
pregnant women. J global Infect Dis. 2010;2(3):236.

Mathapati SS, Biradar AM, Patil PG, Shannawaz M, Hakki S. Urogenital tract infections in preterm
labour and preterm premature rupture of membrane-an observational study. 2020.

Matorras R, Perea AG, Omenaca F, Usandizaga J, Nieto A, Herruzo R. Group B streptococcus and
premature rupture of membranes and preterm delivery. Gynecol Obstet Invest. 1989;27(1):14-8.

Matee MI, Massawe FA, Lyamuya EF. Maternal and neonatal colonisation of group B streptococcus
at Muhimbili National Hospital in Dar es Salaam, Tanzania: prevalence, risk factors and
antimicrobial resistance. BMC Public Health. 2009;9(1):1-7.

Ministry of Health. Uganda Clinical Guidelines-National Guidelines for Management of Common
Conditions. Ministry of Health Kampala; 2016.

Zeng L-n, Zhang L+, Shi J, Gu L-l, Grogan W, Gargano MM, et al. The primary microbial pathogens
associated with premature rupture of the membranes in China: a systematic review. Taiwan J Obstet
Gynecol. 2014;53(4):443-51.

Adewumi O, Olofinbiyi B, Oyekale O, Loto O, Abu S, Sotunsa O. Microbiological pattern in preterm
prelabour rupture of the fetal membranes in South-Western Nigeria. Obstet Gynecol Int J.
2017;6(4):4-10.

DiGiulio DB, Romero R, Kusanovic JP, Gomez R, Kim CJ, Seok KS, et al. Prevalence and diversity of
microbes in the amniotic fluid, the fetal inflammatory response, and pregnancy outcome in women
with preterm pre-labor rupture of membranes. Am J Reprod Immunol. 2010;64(1):38-57.

Saghafi N, Pourali L, Ghazvini K, Maleki A, Ghavidel M, Babaki MK. Cervical bacterial colonization in
women with preterm premature rupture of membrane and pregnancy outcomes: A cohort study. Int J
Reproductive Biomed. 2018;16(5):341.

SILVER RK, GIBBS RS. Effect of amniotic fluid bacteria on the course of labor in nulliparous women

at term. Obstet Gynecol. 1986;68(5):587-92.
Page 20/23



21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

Chan GJ, Lee AC, Baqui AH, Tan J, Black RE. Risk of early-onset neonatal infection with maternal
infection or colonization: a global systematic review and meta-analysis. PLoS Med.
2013;10(8):e1001502.

Sun Q-, Gu D, Wang Q, Hu Y, Shu L, Hu J, et al. Dynamic colonization of Klebsiella pneumoniae
isolates in gastrointestinal tract of intensive care patients. Front Microbiol. 2019;10:230.

Kacerovsky M, Vrbacky F, Kutova R, Pliskova L, Andrys C, Musilova |, et al. Cervical microbiota in
women with preterm prelabor rupture of membranes. PLoS ONE. 2015;10(5):e0126884.

Rani S, Mehra R, Gupta V, Huria A, Chander J. Vaginal flora in preterm premature rupture of
membranes and their sensitivity to commonly used antibiotics. Asian J Med Sci. 2014;5(4):58-60.

Gould D. Skin flora: implications for nursing. Nursing Standard. 2012;26(33).

Anderson MJ, Lin Y-C, Gillman AN, Parks PJ, Schlievert PM, Peterson M. Alpha-toxin promotes
Staphylococcus aureus mucosal biofilm formation. Front Cell Infect Microbiol. 2012;2:64.

Doster RS, Kirk LA, Tetz LM, Rogers LM, Aronoff DM, Gaddy JA. Staphylococcus aureus infection of
human gestational membranes induces bacterial biofilm formation and host production of
cytokines. J Infect Dis. 2017;215(4):653-7.

Rosen GH, Randis TM, Desai PV, Sapra KJ, Ma B, Gajer P et al. Group B Streptococcus and the
vaginal microbiota. J Infect Dis. 2017.

Mader J, Craig C. Management of Group B Streptococcus—Positive Women With Preterm Premature
Rupture of the Membranes: Still a Therapeutic Dilemma. J Obstet Gynecol Can. 2018;40(12):1627—
31.

Kwatra G, Cunnington MC, Merrall E, Adrian PV, Ip M, Klugman KP, et al. Prevalence of maternal
colonisation with group B streptococcus: a systematic review and meta-analysis. Lancet Infect Dis.
2016;16(9):1076-84.

Russell NJ, Seale AC, O'Driscoll M, O'Sullivan C, Bianchi-Jassir F, Gonzalez-Guarin J, et al. Maternal
colonization with group B Streptococcus and serotype distribution worldwide: systematic review and
meta-analyses. Clin Infect Dis. 2017;65(suppl2):100-S11.

Kenyon S, Taylor D, Tarnow-Mordi, Wf. Broad-spectrum antibiotics for spontaneous preterm labour:
the ORACLE Il randomised trial. The Lancet. 2001;357(9261):989-94.

Kamgobe E, Grote S, Mushi MF, Wilson D, Gandye L, Bader O, et al. Multi-drug resistant facultative
pathogenic bacteria colonizing the vagina of pregnant women with premature rupture of membrane,
Tanzania. East Afr Sci. 2020;2(1):29-35.

De Tejada BM. Antibiotic use and misuse during pregnancy and delivery: benefits and risks. Int J
Environ Res Public Health. 2014;11(8):7993-8009.

Ventola CL. The antibiotic resistance crisis: part 1: causes and threats. Pharm Ther. 2015;40(4):277.

Shahbaz K. Cephalosporins: pharmacology and chemistry. Pharmaceutical and Biological
Evaluations. 2017.

Page 21/23



37.

38

39.

40.

41.

42.

43.

44.

45.
46.

Organization WH. Report on global sexually transmitted infection surveillance 2018. World Health
Organization; 2018.

. Woldu ZL, Teklehaimanot TG, Waji ST, Gebremariam MY. The prevalence of Group B Streptococus

recto-vaginal colonization and antimicrobial susceptibility pattern in pregnant mothers at two
hospitals of Addis Ababa, Ethiopia. Reproductive health. 2014;11(1):1-4.

Brookheart RT, Lewis WG, Peipert JF, Lewis AL, Allsworth JE. Association between obesity and
bacterial vaginosis as assessed by Nugent score. Am J Obstet Gynecol. 2019;220(5):476. e1-. e11.
Raglan O, Maclintyre DA, Mitra A, Lee YS, Smith A, Assi N, et al. The association between obesity and
weight loss after bariatric surgery on the vaginal microbiota. Microbiome. 2021;9(1):1-17.

Romero R, Gomez-Lopez N, Winters AD, Jung E, Shaman M, Bieda J, et al. Evidence that intra-
amniotic infections are often the result of an ascending invasion—a molecular microbiological study.
J Perinat Med. 2019;47(9):915-31.

Mendling W. Vaginal microbiota. Microbiota of the human body. 2016:83-93.

Nieman DC, Wentz LM. The compelling link between physical activity and the body's defense system.
J sport health Sci. 2019;8(3):201-17.

Mizgier M, Jarzabek-Bielecka G, Mruczyk K, Kedzia W. The role of diet and probiotics in prevention
and treatment of bacterial vaginosis and vulvovaginal candidiasis in adolescent girls and non-
pregnant women. Ginekologia polska. 2020;91(7):412-6.

Fowler JR, Simon LV, Chorioamnionitis. StatPearls [Internet]: StatPearls Publishing; 2022.

Kanyesigye H, Ngonzi J, Mulogo E, Fajardo Y, Kabakyenga J. Health Care Workers' Experiences,
Challenges of Obstetric Referral Processes and Self-Reported Solutions in South Western Uganda:
Mixed Methods Study. Risk Manage Healthc Policy. 2022:1869-86.

Figures

3000bp

1500 bp —
1000 bp

Figure 1

Page 22/23



PCR results; An image of the PCR results; a horizontal band means presence of 16S rRNA, L is the control
showing the molecular weight markers. Therefore; 1,2 & 4 are positive for 16S rRNA (gDNA) while 5 is
negative (no amplification/band).
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Figure 2

Bacterial isolates by culture in cervical amniotic fluid of women with premature rupture of membranes at
Mbarara Regional Referral Hospital, December 2020—June 2021 (n=44)
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