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Abstract 

Aim This study was undertaken to determine the prevalence of Bacterial Vaginosis (BV), Trichomonas Vaginalis (TV) 
co-infection, and the antibacterial sensitivity profile of bacterial isolates.

Methods The study was a cross-sectional study of 232 pregnant women on a routine antenatal visit between April 
2019 and Sept. 2020, at Amukoko clinic in Lagos, Nigeria. The gynaecologist conducted the clinical examination 
on each patient looking for vaginal discharge and its consistency/homogeneity, colour and odour. Two High Vaginal 
Swab (HVS) samples were taken from every patient and a semi-structured questionnaire was used to gather the socio-
demographic, practices/attitudes, and clinical information of each participant. One sample was employed for wet 
preparation to identify the TV and BV diagnosis using Amsel’s criteria and Whiff’s test. The second sample was used 
for bacterial culture and antibiogram was conducted using the disc diffusion technique. The Clinical Laboratory 
Standard Institutes’ (CLSI) interpretative criteria were used to categorise the results.

Results The mean age of the clients was 28.11 ± 7.08 years of age. The majority (88%) were aged 15–35 years. Only 81 
(34.9%) had microbial organisms isolated or seen from their specimens and 19 (8.2%) of such were classified as hav-
ing BV (Bacteriods or Gardnerella isolated). Of the 81 infected, 33 (40.8%) had only bacterial infection, 36 (44.4%) had 
TV alone and 12 (14.8%) had bacteria co-infected with TV. From the clinical records, the population that was classified 
as having UTI or vaginitis was only 46 (20.7%) The study observed age (15–35 years) related association between vagi-
nosis/ TV co-infection  (X2 = 7.9; P = 0.005). Participants with symptoms of vaginitis or UTI (mainly E. coli & pseudomonas 
spp. isolated), BV/co-infection with TV significantly associated with female traders  (X2 = 8.5; P = 0.003) and were more 
associated with those from polygamous relationships  (X2 = 18.79, P = 0.0001). Women in their  3rd and  2nd. trimester 
were more significantly associated with vaginal infection  (X2 = 9.47, P = 0.002;  X2 = 4.79, P = 0.029) respectively. The 
Pseudomonas showed susceptibility to ciprofloxacin (CIP) and cefuroxime (CXM). While, E. coli isolates were suscepti-
ble to cefepime, ciprofloxacin, and imipenem.

Conclusion There is a relatively low prevalence of BV and flagellate co-infection in the community studied.
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Introduction
Bacterial vaginosis (BV) which may sometimes be con-
fused with vaginitis is an imbalance of microbiome in 
a female’s vagina. Vaginosis results when the naturally 
occurring normal flora of the vagina such as Hydrogen 
peroxide (  H2O2) and lactic-acid-producing lactobacilli 
that help protect the vagina from harmful microbes 
are eliminated due to exogenous or endogenous fac-
tors affecting the vagina [1]. The resultant effect of 
the micobiota alteration is a change in the  PH of the 
vagina from acidity to alkaline [2]. While vaginitis, on 
the other hand, is an inflammation or infection of the 
vagina or the vulva; with clinical presentations rang-
ing from malodour, thrush, itching, burning sensation, 
abnormal vaginal discharge, pain during sexual inter-
course, and light vaginal bleeding or spotting [3]. Etio-
logic agents of vaginitis are microbes (bacteria, candida 
species -fungus and flagellates e.g. T. vaginalis—a para-
site) [3]. Risk factors associated with vaginitis include 
vaginal sex with lubricants, use of sex toys and antisep-
tic soap, estrogen deficiency, pregnancy or menopause, 
and conditions like allergies and use of irritants like 
scented tampons or certain detergents [3]. In bacterial 
vaginosis the altered micro ecosystem warrants over-
population of mainly facultative or anaerobic bacteria 
like  Gardnerella Vaginalis, Mobiluncus spp., Prevo-
tella spp.,  Atopobium vaginae, Peptostreptococcus, 
Bacteroides species, Fusobacterium species, including 
microbes-like  Ureaplasma urealyticum,  Mycoplasma 
hominis and others [4, 5]. The domination of the micro-
biota by some of these organisms causes unpleasant 
symptoms [4]. It is usually not regarded as a sexually 
transmitted disease (STD) however; the condition can 
increase the chances of contracting STD [6]. Usually, 
vaginosis presents with a fishy odour that may inten-
sify after intercourse, a thin grey or white, or greenish 
discharge, copious itching and vaginal irritation on the 
volva, and a burning sensation during urination [7].  
Risk factors associated with BV are: having a new sex 
partner or multiple sex partners, douching, use of femi-
nine sprays and washes, and taking long baths with per-
fumed oils or soaps [8].

It has been reported that 50–75% of women suffering 
from such conditions are asymptomatic; affecting about  
a million women aged 15–44 years [8, 9]. In the US, 
the BV of pregnant women ranges from 5.8–19.3% [4]. 

Bacterial vaginosis is reported to be the most preva-
lent cause of vaginal discharge or malodour in pregnant 
women [10].

Bacterial and parasite co-infection is the simulta-
neous infection of a host by multiple pathogen spe-
cies. Global incidence and prevalence of co-infection 
among pregnant women have not been well studied, but 
it is thought to be commonplace [11]. Co-infection is 
important in human health because different pathogens 
could interact within the host microbiota with deleteri-
ous or symbiotic effects on other pathogens or the host 
[12]. For instance, it has been reported that Trichomo-
niasis and BV organisms can reliably coexist in a female 
vagina; both benefiting from the elevated vaginal  PH and 
anaerobic environment created by the eradication of 
vaginal normal flora [13]. Syndemism and comorbidity of 
untreated BV co-infected with other pathogens may pro-
gress to vaginitis or urethritis [14]. The general patterns 
of ecological interactions between most pathogens or 
their hosts are vague, even among common co-infections 
such as those between sexually transmitted infections 
[15]. These critical nebulous health conditions have made 
treatment of BV co-infection with flagellates imperative, 
using medications indicated, as against empiric therapy, 
especially on pathogenic bacteria. Several health conse-
quences underscore this position, for instance, epidemio-
logical studies have demonstrated that abnormal vaginal 
microbial environment and lower genital tract infections 
are closely associated with an increased risk for human 
immunodeficiency virus (HIV) infection [16]. These 
changes result in congestion and hypertrophy of vagi-
nal mucosa, which consequently allows more growth of 
anaerobic bacteria and other pathogenic microorganisms 
within the vagina [17].

Moreover, there is hypertrophy of the cervical gland 
and proliferation of cervical cells which in turn decreases 
the B-lymphocyte numbers and reduces the local resist-
ance of the cervix and vagina to infectious agents [18]. 
Increasing opportunity for microbial co-infection leads to 
inflammation in the vagina and cervix, thereby increasing 
the risk of foetal or neonatal morbidity and higher peri-
natal mortality [19]. This is possible because the cervix is 
usually a barrier to keep microbes from  accessing the 
uterus.  However, when the cervix is infected, there is a 
preponderance of risk of uterus infection that may affect 
the foetus in pregnant women [20].

Recommendation We recommend screening of antenatal women with underlying symptoms for BV and flagellates 
co-infection to avoid its progression to vaginitis.
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Again, vaginal dysbiosis during the early stages of 
pregnancy is gaining recognition due to its positive 
association with adverse pregnancy outcomes [21]. On 
the other hand,  TV has been described as a common 
cosmopolitan parasite of both male and female genitals 
and is sexually transmitted. It is estimated that 174 mil-
lion new cases are reported in resource-poor countries 
[22]. Approximately, 180 million people are infected 
worldwide annually [23]. In Africa (west and central 
20.6%, East 33.3%), a median 20% prevalence of women 
attending gynaecologic clinics had TV, while the preva-
lence in Asia was reported as 11%, Europe 22.8%, North 
America 27.4% and Latin America, up to 24.2% [24].

Standard treatment with antibiotics such as metro-
nidazole or tinidazole and clindamycin, with sexual 
partners is recommended for symptomatic pregnant 
women [9]. In non-pregnant women, treatment is indi-
cated to gain relief from the vaginal symptoms and 
reduction in the risk for acquiring  C. trachomatis,  N. 
gonorrhoeae,  T. vaginalis,  M. genitalium  and viruses 
(HIV, HPV, and HSV-2) [9]. Reports on the increasing 
rates (> 60%) of BV recurrence after therapy abound; 
thereby inducing antimicrobial resistance in BV-asso-
ciated bacterial infections, including those that could 
form biofilm in the vaginal canal [5]. Antibacterial 
resistance is a global phenomenon [22]. Failure to treat 
BV poses a risk of infertility and in pregnant women 
may lead to complications such as preterm labour and 
preterm birth [10, 20, 25]. However, some schools of 
thought do not support routine screening for BV in 
asymptomatic pregnant women [4].

In the patients indicated for treatment for bacterial 
eradication, multiple antibiotic resistances is a great 
challenge, coupled with the absence of newer antimi-
crobial agents to treat drug-resistant pathogenic vaginal 
microbes, therefore, an antibacterial resistance profile is 
required to make the best drug choice or combination 
selections as reported by Muzny & Sobel [5].

The study investigated BV co-infection with common 
vaginal flagellate (TV). The study is justified since BV is 
reported as the most prevalent cause of vaginal discharge 
in pregnant women and that co-infection with TV may 
bring about complications of vaginitis or urethritis and 
biofilm formation making the infection difficult to treat 
[5] . There is a paucity of information on BV and flagellate 
co-infection in Nigeria and their possible complications. 
However, a report on the significant association of BV 
in pregnant women with preterm delivery and low birth 
weight in SW Nigeria was made by Afolabi et al. [26], in 
a longitudinal study. Therefore, in other to keep track of 
the current common vaginal health of pregnant women, 
we studied the BV and TV co-infection in Amukoko, –an 
urban slum in Lagos, Nigeria.

Materials and methods
Study design
The study was a cross-sectional study and the laboratory 
experiments took place at the Nigerian Institute of Medi-
cal Research, Yaba, Lagos, Nigeria.

Study site
The sampling took place at Amukoko, clinic, Mainland 
local government area of Lagos State. Amukoko, is an 
urban slum (informal settlement) geographically located 
within Longitude 3°23′31.085″ E, Latitude 6°30′9.154″ 
N; and Longitude 3°22′57.467″ E, Latitude 6°29′28.887″ 
N, across the 3rd. mainland bridge on the coast of the 
mainland, Lagos, and is said to harbour about 400,000 
humans population [27].

Study population
The sample size was purposive and time-bound. A total 
of 232 consecutive pregnant women attending the ante-
natal clinic at the Amukoko, clinic were recruited. Each 
participant was unrepeated. The study was conducted 
from April 2019 to Sept. 2020.

Criteria
Inclusion
All pregnant women in any trimester who consented 
participated. All those whose symptoms were sugges-
tive of BV were specifically referred by the clinician after 
examination.

Exclusion
All pregnant women who declined consent were 
excluded. Patients who admitted being on antibiotics 3 
weeks before presenting at the clinic were excluded and 
others with blood spotting and or were diagnosed with 
Human Immunodeficiency Virus (HIV) infection were 
excluded.

Ethical approval
The proposal for the study was reviewed and ethical 
approval was granted by the Institutional Review Board 
(IRB), Nigerian Institute of Medical Research (NIMR), 
Yaba, Lagos, Nigeria on the 13th. April, 2019.

Clinical staging and sample collection
The clinician conducted the clinical examination on each 
patient in a private room at the Amukoko clinic, look-
ing for vaginal discharge and its nature (consistency 
and homogeneity), colour and odour. For each patient, 
a semi-structured questionnaire was used to gather the 
socio-demographic, practices/attitudes, and clinical 
information after thorough explanations by the clinician 
who performed the examination: specifically highlighting 
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the nature, benefits, and overall aim of the study. It was 
emphasised that each participant was at liberty to decline 
participation and that there was no consequence for not 
participating. Two High Vaginal Swab (HVS) samples 
each were collected from the patient using a sterile plas-
tic vaginal speculum (QDMH 1012, China) and sterile 
swab stick (IndiaMART). Briefly: Each sterile swab was 
saturated with vaginal fluid, by using the speculum to 
dilate the vaginal orifice, and the sample was taken from 
the lateral vaginal wall or the posterior fornix.

The samples were labelled and transported at room 
temperature to the laboratory for processing. One sample 
was employed for BV and TV microscopy and the second 
sample for culture.

 
Specimens processing
Screening for PH
The vaginal fluid-saturated swab was rotated several 
times on  PH colour strip immediately after collection 
at the clinic’s side laboratory, and instantly change was 
matched with the colour chart: if the pH level was ≥ 4.5, a 
plus sign ( +) is recorded indicating a provisional positive 
case or negative (-) for negative case [28].

Wet mount for clue cells and mobile flagellate detection
Wet mount procedure was employed to identify clue 
cells and TV. Briefly: About 2- 3  mL of newly prepared 
sterile physiological saline was added into one of the 
swab containers and gently vortexed. A drop of suspen-
sion of the HVS was placed on a clean grease-free glass 
slide and covered with a cover glass. The preparation was 
examined microscopically using the 40 × objective lens 
[29]. Clue cells were identified as epithelial cells from the 
vagina that appeared fuzzy without sharp edges under 
the microscope × 40 objective.  Clue cells  change to this 
fuzzy look as a result of bacterial presence.

Whiff’s test
Whiff’s test is one of the Amstel’s criteria for diagno-
sis of BV. Briefly: a drop of 10% potassium hydroxide 
(KOH) was put on a clean glass slide and a swab satu-
rated with vaginal fluid/discharge was rolled on the slide. 
The preparation was whiffed for the release of a fishy 
odour indicative of the presence of volatile amines such 
as trimethylamine and then was recorded as positive or 
negative, which was confirmed by at least two other labo-
ratory staff.

Bacterial vaginosis diagnosis using Amsel’s criteria
According to Amsel’s criteria, clinical diagnosis of BV 
requires essentially three of the understated four symp-
toms or signs:

• Homogeneous, thin discharge (milk-like consist-
ency) that smoothly coats the vaginal walls (as was 
observed by the clinician during sample collection)

• Clue cells harboring adherent bacteria microscopi-
cally confirmed.

• pH of vaginal fluid > 4.5
• A positive whiff ’s test [9].

Examination of the wet preparation for TV
Direct microscopic examination of the wet preparation 
was employed for the identification of T. vaginalis: simple 
detection of pear-shaped flagellate (trophozoites) with 
jerky movement according to Cheesbrough [29].

High vaginal swab (HVS) culture
Each HVS sample was cultivated on enriched agar (Blood 
& chocolate) in duplicate, selective agar/indicator (Mac-
Conkey) and specific agar (Sabraud Dextrose Agar for 
isolation of yeast-like cells) at the bacteriology laboratory 
at NIMR. The plates were incubated both aerobically and 
in microaerophilic condition (for the duplicate on the 
enriched media) at 25 ± 2º C for 18 to 24 h. Morphotyp-
ing, characterisation and identification of culture isolates 
were done according to the standard bacteriological tech-
niques [29].

The antibacterial susceptibility profile was conducted 
using the Kirby Bauer disc diffusion method using Muel-
ler Hinton Agar (MHA) [29]. The antibiotics profiles 
were interpreted using Clinical Laboratory Standard 
Institute (CLSI) interpretative criteria [30].

Results
Two hundred and thirty-two (232) pregnant women, 
with a mean age of 28.11 ± 7.08  years were screened. 
The Socio-demographic characteristics of the pregnant 
women studied are expressed in Table  1. The majority 
(88%) were of age range 15–35 years, 69% had at least a 
secondary education and 85% were associated with a 
kind of trading occupation. About 84.5% of them were in 
a monogamous relationship and only 15.5% were polyga-
mous. A majority, 163 (70.2%) claimed to have had one 
sex partner, while 12.1% had two or multiple bed mates. 
Forty-nine point five (49.5%) were in their third gesta-
tion period, 20.7% in their second and 9.5% did not know 
their exact gestation period (Table 2).

Out of the 232 subjects studied, 81 (34.9%) had micro-
bial organisms isolated or seen from their specimens. 
Only 19 (8.2%) of such were classified as having bacte-
rial vaginosis, applying Amsel’s interpretative criteria, 
and were mainly from the active reproductive age group 
15–35  years of age; while those within the age range 
of > 40 years contributed none (Table 2).
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Of the 81 infected ones, 33 (40.8%) had only bacterial 
infection, 36 (44.4%) had TV alone and 12 (14.8%) were 
those that had bacterial co-infected with TV. Table  3 
shows the association  of socio-demographic character-
istics and other factors with the prevalence of BV and 
co-infection with flagellate among the pregnant women 
studied. From  the clinical records, the population that 

was classified as having UTI or vaginitis was only 46 
(20.7%) and had symptoms related to the same as a result 
of the presence of a bacterial pathogen, vulvovaginal 
candidiasis, flagellate, or both.

A majority (74.1%) of those infected had at least a sec-
ondary education. Only 29.1% had primary education. 
The study observed age (15–35 years) related association 
between vaginosis/ TV co-infection  (X2 = 7.9; P = 0.005) 
(Table  3). Pregnant women with symptoms of vagini-
tis or UTI, bacterial vaginosis/co-infection with flagel-
late were significantly associated with female traders 
 (X2 = 8.5; P = 0.003) and were more associated with those 
from polygamous relationships than those in a monoga-
mous relationship  (X2 = 18.79, P = 0.0001), (Table  2). 
Pregnant women in their  3rd and  2nd trimester were more 
significantly associated with vaginal infection  (X2 = 9.47, 
P = 0.002;  X2 = 4.79, P = 0.029) respectively. There were 
no microbial isolates or parasites seen among the preg-
nant women that claimed to have had multiple sex part-
ners and 24.7% that did not declare the number of sex 
partners were not significantly associated with vaginal 
infection  (X2 = 0.024; P = 0.876).

On the distribution of the gestation period and micro-
bial infections, most pregnant women in their  3rd trimes-
ter were infected with the flagellate and more of those in 
their  1st, trimester were infected with bacteria, and by 
extension the population with the most bacterial vagino-
sis The highest bacterial & TV co-infection was among 
pregnant women in their last trimester.

The outcome of the evaluation of vaginal hygiene prac-
tices and the microbial ecology of the study population 
are expressed in Fig. 1.

Out of the 81 participants with microbial infection 69 
(85.2%) volunteered information on the use of soap and 
water for vaginal hygiene. Many (43.5%) of those with TV 
infection, 47.8% of those with bacterial infection and 8.7% of 
the population with bacterial and TV co-infection admitted 
cleaning their vagina with soap and water respectively. Only 
a few (14.8%) claimed to have indulged in douching. No par-
ticipant admitted employing alum for the same purpose.

A total of 34 bacterial organisms were isolated from the 
participants (Table 3).

Pseudomonas spp. (10) and E. coli (9) had the highest 
occurrence, Table 4. However, one patient had E. coli and 
Proteus spp. bacterial co-infection. Also, 3 other preg-
nant women studied had bacteria and candida spp. co-
infection, and only one participant had multiple infection 
of a flagellate, bacterium and candida species.

The antibiogram of some of the apparently significant 
bacterial isolates are as presented in Tables 5 and 6.

The streptococcus isolated from the pregnant women 
showed 100% susceptibility to 3 antibiotics tested (ERY, 
AMOX/CLAV & CRX), 90% to CTX and 67%. The 

Table 1 Socio-demographic characteristics of the pregnant 
women studied from Amukoko, area of Lagos state

Key: SD Standard Deviation

Characteristics Frequency (per cent)

Age group in years
 15–35 202 (87.1)

 36–40 26 (11.2)

 > 40 04 (1.7)

 Mean age ± SD 28.11 ± 7.08

Educational Status
 Primary 52 (22.4)

 Secondary 166 (71.6)

 Tertiary 14 (6.0)

Occupation
 Trading 197 (85.0)

 Public servant 12 (5.1)

 Student 13 (5.6)

 Full time housewife 10 (4.3)

Marital status
 Monogamy 196 (84.5)

 Polygamy 36 (15.5)

Number of sex partners
 One sex partner 163 (70.2)

 Two or more partners 28 (12.1)

 Declined response 41 (17.7)

Gestation period
 First trimester 48 (20.7)

 Second trimester 47 (20.3)

 Third trimester 115 (49.5)

 Undeclared 22 (9.5)

Table 2 Age distribution and pattern of microbial infections of 
pregnant women studied

Key: TV Trichomonas vaginalis

Age 
Range in 
Years

No (%) No (%)
Infected with 
bacterial 
organism

No (%)
Infected with 
TV

No (%)
Bacterial 
&TV 
co-infection

15–35 202 (87) 33 (14.22) 36(15.5) 12 (5.2)

36–40 26 (11.2) 0 0 0

> 40 4 (1.7) 0 0 0

Total 232 (100) 33(14.22) 36 (15.5) 12 (5.2)
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strains demonstrated 67% in vitro resistance to only OFX 
and CAZ (Table 6).

Some of the pseudomonas strains are merely sensitive 
to CIP and CXM among others, while many are among 

intermediate dose dependent interpretative category and 
almost all are resistant to TM (Fig. 2).

Eight out of 9 of the isolates were sensitive to Cefepime 
and 4 were resistant to gentamycin (Fig. 3).

Table 3 Association of socio-demographic characteristics and other factors with prevalence of BV and co-infection with flagellate 
among the pregnant women studied

Key: *Statistically significant;  X2 = Chi-square, Percent (%) based on the total number of positive or negative microbial detections

Variables No Positive (%) No Negative (%) Total No (N = 232) X2 P-value
Bacterial Vaginosis & TV co-infection

Age groups(years)
 15–35 81(100) 121(80.1) 202 7.9 0.005*

 36–40 0(0) 26(17.2) 26

 > 40 0(0 4(2.6) 4

Educational Status
 Primary 21(25.9) 31(20.5) 52 1.92 0.166

 Secondary 60(74.1) 106(70.2) 166 12.75 0.0001

 Tertiary 0(0) 14(9.3) 14

Occupation
 Trading 78(96.3) 119(78.8) 197 8.533 0.003*

 Public servant 3(3.7) 9(6.0) 12 3 0.083

 Student 0(0) 13(8.6) 13

 Full time housewife 0(0) 10(6.6) 10

Marital status
 Monogamy 76(93.8) 120(79.5) 196 9.878 0.002*

 Polygamy 5(6.2) 31(20.5) 36 18.778 0.0001*

Number of sex partners
 One sex partner 61(75.3) 102(67.5) 163 10.313 0.001*

 Two or more sex partners 0(0) 28(18.5) 28

 Declined response 20(24.7) 21(13.9) 41 0.024 0.876

Gestation period
 First trimester 24(29.6) 24(15.9) 48 0.0001 0.98

 Second trimester 16(19.8) 31(20.5) 47 4.787 0.029*

 Third trimester 41(50.6) 74(49.0) 115 9.47 0.002*

 Undeclared 0(0) 22(14.6) 22

Fig. 1 The pattern of microbial infection among the participants that applied different methods for vaginal hygiene
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Both Enterbacter strain are resistant to CAZ and inter-
mediate to CIP, while one was sensitive to CFM, AMOX/
CLAV and TM (Fig. 4).

The Proteus isolates are both sensitive to CIP and GEN, 
and are resistant to TM and CAZ (Fig. 5).

Discussions
In this study, we review some often misrepresented terms 
such as bacterial vaginosis which is the alteration of the 
vaginal bacterial ecosystem or microbiota, and vagini-
tis simply put, is the inflammation of the vagina that 
can result in pain, itching, and discharge; which may be 
occasioned by reproductive carnal infections (e.g. gon-
orrhoea, syphilis, candidiasis or trichomoniasis). These 
conditions may be symptomatic or asymptomatic, and 
are more common among women of reproductive age, 
with variable symptoms like vaginal discharge, itching, 

Table 4 The occurrence of bacterial organisms (N = 34)

Key:
a Bacterial multiple isolates from a patient
b Bacterial co-infection with Fungi (Candida species)

Organism (code) Occurrence

Pseudomonas spp. (P) 10

Escherichia coli (E) 09b

Streptococcus pyogenes (STR) 06

Bacteriods (BAC) 03a

Gardnerella (GAR) 02b

Enterobacta (ENT) 02b

Proteus spp. (PRO) 02a

Table 5 Antibiotic susceptibility pattern of the Gram negative bacterial isolates, using CLSI interpretative criteria [30]

Key: CXM Cefuroxime (Second-generation cephalosporin), CFM Cefepime (fourth-generation cephalosporin), Amox/clav Amoxicillin/ Clavulanic acid (Penicillin and 
beta-lactamase inhibitors), TM Tobramycin (Aminoglycoside), CIP Ciprofloxacin (Fluoroquinolone), CAZ Ceftaxidime (Cephalosporin), IMP Imipenem (Carbapenem), 
GEN Gentamicin (Aminoglycosides), CLIS Clinical Laboratory Institute Standard

Organism Antibiotics and zones of inhibition in mm (interpretation)

NO CXM
30 µg

CFM
30 µg

Amox/Clav. 
30 µg

TM
30 µg

CIP
5 µg

CAZ
30 µg

IMP
10 µg

GEN
10 µg

P1 30 (S) 16 (S) 20 (S) 0 (R) 25 (S) 0 (R) 0 (R) 10 (R)

P2 26 (S) 18 (S) 11 (R) 14 (R) 28 (S) 13 (R) 9 (R) 16 (S)

P3 10 (R) 14 (S) 14 (I) 13 (R) 26 (S) 16 (R) 22 (I) 13 (I)

P4 28 (S) 12 (I) 10 (R) 15 (S) 16 (I) 0 (R) 18 (R) 11 (R)

P5 22 (I) 11 (!) 16 (I) 0 (R) 24 (S) 5 (R) 20 (I) 10 (R)

P6 30 (S) 9 (R) 0 (R) 16 (S) 25 (S) 20 (I) 33 (S) 14 (I)

P7 24 (I) 0 (R) 22 (S) 17 (S) 14 (R) 0 (R) 30 (S) 10 (R)

P8 30 (S) 15 (I) 0 (R) 12 (R) 23 (S) 19 (I) 0 (R) 19 (S)

P9 17 (R) 22 (S) 14 (I) 10 (R) 19 (I) 0 (R) 22 (I) 11 (R)

P10 30 (S) 17 (S) 0 (R) 12 (R) 22 (S) 15 (R) 18 (R) 11 (R)

E1 33 (S) 20 (S) 22 (S) 29 (S) 40 (S) 30 (S) 24 (S) 18 (S)

E2 38 (S) 22 (S) 20 (S) 30 (S) 34 (S) 35 (S) 18 (R) 8 (R)

E3 12 (R) 21 (S) 17 (I) 13 (I) 20 (I) 20 (I) 40 (S) 12 (R)

E4 13 (R) 14 (S) 14 (I) 13 (R) 25 (S) 16 (R) 25 (S) 13 (I)

E5 12 (R) 12 (I) 11 (R) 15 (S) 16 (I) 0 (R) 18 (R) 11 (R)

E6 22 (I) 14 (S) 16 (I) 9 (R) 24 (S) 15 (R) 20 (I) 20 (S)

E7 32 (S) 23 (S) 22 (S) 29 (S) 40 (S) 30 (S) 24 (S) 18 (S)

E8 36 (S) 21 (S) 20 (S) 30 (S) 35 (S) 37 (S) 18 (R) 8 (R)

E9 13 (R) 20 (S) 17 (I) 13 (I) 20 (I) 20 (I) 30 (S) 13 (I)

ENT1 10 (R) 14 (S) 14 (I) 13 (R) 21 (I) 16 (R) 22 (I) 13 (I)

ENT2 23 (I) 12 (I) 17 (S) 15 (S) 16 (I) 0 (R) 18 (S) 11 (R)

PRO1 22 (I) 11 (I) 16 (I) 11 (R) 24 (S) 15 (R) 22 (I) 19 (S)

PRO2 30 (S) 20 (S) 0 (R) 12 (R) 33 (S) 16 (R) 20 (I) 20 (S)

BAC1 Routine antibogram not indicated

BAC2

BAC3

GAR 
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Table 6 Antibiotic susceptibility pattern of the Gram positive bacterial isolates

Key: CAZ Ceftaxidime (Cephalosporin), GEN Gentamicin (Aminoglycosides), CTR  Ceftriaxone (third generation cephalosporin), ERY Erythromycin (Macrolide), CTX 
Cefotaxime (Cephalosporin), OFX Ofloxacin (fluoroquinolone), CRX Cefuroxime (Cephalosporin)

Organism Antibiotics and zones of inhibition in mm (interpretation)

NO CTR ERY CTX OFX Amox/Clav CAZ CRX GEN

STR1 22 ( I) 35 (S) 12 (R) 22 (S) 30 (S) 0 (R) 30 (S) 28 (S)

STR2 28 ( S) 32 (S) 27 (S) 10 (R) 34 (S) 18 (I) 27 (S) 33 (S)

STR3 32 ( S) 29 (S) 13 (R) 14 (R) 38 (S) 12 (R) 26 (S) 15 (S)

STR4 29 ( S) 34 (S) 30 (S) 15(R) 36 (S) 0 (R) 33 (S) 30 (S)

STR5 33 ( S) 30 (S) 12 (R) 28 (S) 26 (S) 23 (S) 28 (S) 13 (I)

STR6 40 ( S) 33 (S) 11 (R) 10 (R) 38 (S) 15 (R) 37 (S) 14 (I)

Fig. 2 Pseudomonas sensitivity & resistance phenotypes (n = 10). Key: R = Resistant, I = intermediate, S = Sensitive

Fig. 3 Escherichia coli sensitivity & resistance phenotypes (n = 9)
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irritation, spiteful odour and discomfort [24, 31]). In this 
study the prevalence of bacterial vaginosis infection was 
high among the ages between 15–35 years, mean age 
28.11 ± 7.08. The report is in agreement with the global 
women reproductive age of 15–49 years [32]. These 
are within the range of other reports: Amadi  et al. [33], 
reported 21–30 years, and Udogu  et al. [33] reported 
27.25 ± 6.09 years in Nigeria, However, the prevalence of 
BV varies: the 8.2% in this report is far lower than Amadi’s 
prevalence rate of 20.6% in 2013 and Udogu’s prevalence 
rate of 21.7% in the South Eastern part of Nigeria in 2022. 
Konadu et al. [34] reported a BV prevalence of 30.9% and 
56.4% of ‘at least one vaginal contaminant’ in Ghana. In 
America, variable prevalence of BV & TV was reported 
ranging from 60 to 80% [35]. On a general note, our study 
found actual microbial contamination of 34.9%: 14.22% 
were specific for bacterial organisms, 15.5% were infected 
by TV alone and only 5.2% were bacteria co-infected with 

TV. This report appears to agree with the report of Sena et 
al. [35] in 2018 of 15.6% TV prevalence among American 
sexually active females aged 15–24 years of age. However, 
this report of 15.5% presence of TV is higher than the 
1.4% reported by Konadu et al. [34] in Ghana. In Amer-
ica, variable prevalence of BV & TV was reported ranging 
from 60 to 80% [35]. Generally, in Africa, Asia, and Latin 
America, the prevalence of > 20%, 11%, and 12–24.2% of 
TV were respectively reported among women [24]. Essen-
tially, the discrepancies may be associated with variability 
in study design, attitude, and sanitary activities among dif-
ferent populations. Again, the difference in the diagnos-
tic methods may be a major factor of variability [35–38]. 
For instance, Barbosa et al. [38] reported that wet mount 
had lower sensitivity when compared with PCR method 
for the diagnosis of flagellate. Barbosa  et al. [38] further 
reported TV prevalence of 27.8% and 7.41% for PCR and 
wet mount respectively among Brazilian women.

Fig. 4 Sensitivity profile of Enterobacter species (n = 2)

Fig. 5 Proteus species antibiogram (n = 2)
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Therefore the low prevalence report of bacterial 
and flagellate co-infection could be a result of under 
diagnosis.

The study of co-infection is important since different 
pathogens have been reported to interact within the host 
microbiota with deleterious or symbiotic effects on other 
pathogens or the host [12]. For instance, it was reported 
that TV and BV organisms can reliably cohabit with the 
female vagina; both profiting from the increased vaginal 
 PH and anaerobic environment created by the extinction 
of vaginal normal flora [13]. Specifically, the parasite was 
reported to mediate adherence to epithelial cells to colo-
nize the human host, interface with the host immune sys-
tem and vaginal microbiota, causes host tissue damage 
and alter the vagina ecology [39]. However, according to 
Governder et al. [40] the role of bacterial–protozoan and 
trichomonas-virus symbiosis remains unclear. Therefore, 
syndemism and comorbidity of untreated BV co-infected 
with other pathogens may progress to vaginitis or ure-
thritis according to Mirmonsef et  al. [14]; this further 
underscores the need for this study.

From our report, the majority (50.6%) of pregnant 
women infected by microbes were in their third gestation 
period. On the risk factors of BV and TV co-infection, 
our report showed a statistically significant association 
of age group 15–35 years of age with a higher prevalence 
of BV and TV co-infection  (X2 = 7.9; P = 0.005) Table  3. 
Analysis of independent factors like educational status, 
occupation, and multiple sex partners was significantly 
tilted towards those with intermediate educational sta-
tus  (X2 = 12.75; P = 0.0001), itinerant traders (X2 = 8.533; 
P = 0.003) and more with those in a polygamous rela-
tionship (X2 = 18.78; P = 0.0001). These are similar to the 
report of Udeogu et al. [33] from south eastern region of 
Nigeria. Although their report associated BV more with 
pregnant women who had primary education and those 
without employment, this report associated BV with 
those who had secondary education and were itinerant 
hawkers. The differences may be attributed to variations 
in educational and employment opportunities in Nnewi 
(a commercial city) versus Amukoko, (an urban slum). 
Also, Konadu  et al. [34] in a univariate analysis of their 
study reported marital, educational and occupational 
characteristics as independent variables associated with 
BV, this is in agreement with our findings. However, the 
age group of their study population included the age 
range > 35 years of age as a risk factor for BV and that 
varies with our report of 15–35 years of age, The variabil-
ity may be a result of study design and study setting: the 
Konadu’s study was in a rural setting while the present 
was designed for urban slum. The age variability when 
compared with the study by Udeogu  et al. [33] varies 
age-wise as well, and this may be a result of differences in 

the patients’ recruitment, while this study recruited cli-
ents on routine antenatal attendance, Udeogu et al. [33] 
recruited pregnant women with symptoms of vaginitis 
attending gynaecological clinic. Furthermore, this study 
reports an association between BV and TV co-infection 
with women in their second and third gestation periods 
 (X2 = 4.79; P = 0.0029) and  (X2 = 9.97; P = 0. 002 respec-
tively as against ‘no association’ reported by Konadu  et 
al. [34] despite concomitance in the study design. It is 
pertinent to note that this study did not recover bacte-
ria or flagellate from pregnant women 36 ≥   40 years of 
age contrary to 18 (20.2%) reported by Konadu et al. [34] 
in Ghana and 1 (16.7%) by Udeogu et al. [33] in Nigeria. 
The most probable reason may be the geographical set-
ting as this study tends to agree with the report of Ude-
ogu et al. [33] in Nigeria. Conversely, it could be inferred 
that elderly women with more pregnancy tantrum expe-
riences are more likely to pay attention to good hygiene 
and proper antenatal care as against younger ones who 
are more rapacious with sex enterprise as suggested by 
Udeogu et al. [33] and Muzny et al. [41].

Curiously, the study did not record any vaginal micro-
bial contamination from the population that claimed to 
have had multiple sex bed mates. However, the study 
reports 24.7% microbial contamination of pregnant 
women who withheld information on multiple sex part-
ners. This is at variance with the report of  Huang  et al. 
[42] who associated multiple sex partners with BV.

Etiologically, this study reports core BV organisms 
isolated as Bacteriods and Gardnrella species, these 
are consistent with the report of many scholars [4, 5, 
42]. However, the exact cause of BV remains uncertain, 
because several hypothetical prototypes have been pub-
lished, including  G. vaginalis,  P. bivia,  A. vaginae, and 
Megasphaera species. Others are Prevotella spp., Atopo-
bium vaginae, and Sneathia spp. [5, 43]. Also, Chlamydia 
trachomatis  and genital mycoplasmas were associated 
with BV [28, 33]. Contrastingly some epidemiological 
data thought that BV should be regarded as STI [44–46]. 
However, the Center for Disease Control of America, 
and some other  health authorities do not support rou-
tine screening for BV in asymptomatic pregnant women, 
suggesting that the condition is not a serious health issue 
[4, 47]. Although, treatment is indicated in symptomatic 
patients to gain relief from the vaginal symptoms and 
reduction in the risk of acquiring co-infection with either 
C. trachomatis,  N. gonorrhoeae,  T. vaginalis,  M. geni-
talium, or viruses [9, 48].

According to the CDC [9], the standard treatment for 
BV is antibiotics such as metronidazole or tinidazole and 
clindamycin in symptomatic clients and these drugs are 
said to be efficacious, although some resistant strains 
have been reported in some cases [5].
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In addition to BV agents, this report associates some 
pregnant women from the Amukoko, slum with Pseu-
domonas spp., E. coli, Proteus spp. Enterobacter, and 
Gram-positive  Streptococcus pyrogens  infections. These 
organisms have been implicated with STI or PID in preg-
nant women [44–46]. Recovering Pseudomonas as the 
most prevalent pathogen is not surprising as the study 
environment is surrounded by almost stagnant water and 
Pseudomonas is known to be found in water, including 
lakes and stagnant water [49, 50]. Routine antibiograms 
are recommended for these organisms and the Pseu-
domonas showed susceptibility to CIP (7) and CXM (6) 
out of ten isolates (Fig. 2 and Table 5). This is in agree-
ment with previous reports that ceftazidime or ciproflox-
acin is effective against Pseudomonas species associated 
with UTI [51]. While ceftriaxone, clindamycin, erythro-
mycin and azithromycin are indicated for E. coli  isolates 
from UTI, this study reports cefepime, ciprofloxacin and 
imipenem as the most effective (Fig.  3). Our study did 
not include clindamycin and azithromycin since they 
are not popular or available in antimicrobial stewardship 
within the study area. In all, relatively high resistance 
exhibited by the isolates including the Proteus (Fig.  5) 
and Enterobacter species (Fig.  4) is not surprising since 
Bostwick  et al. [52] reported in 2016 that antimicrobial 
resistance genes were identified in all drug classes tested: 
macrolides, lincosamides, aminoglycosides among others 
and further revealed a fourfold-higher frequency of AMR 
genes among bacterial isolates from women with BV 
when compared with those without BV [52]. The Gram-
positive streptococcus strains showed sensitivity toward 
CRX, ERY, CTR, and AMOX/CLAV (Table  6). Con-
versely, Raabe and Andi [53] reported that streptococcus 
isolated from UTI is generally susceptible to Penicillin G 
and other beta-lactam antibiotics, including ampicillin, 
1st, 2nd  and 3rd. first-generation cephalosporins, and 
carbapenems. However, this does not foreclose variations 
in the level of activity among the classes of antibiotics. 
The differences may not be unconnected with peculiari-
ties in antibacterial selective pressure among communi-
ties, the rapid spread of resistomes and the dynamism of 
mobile genetic elements within the microbiome.

Conclusion and recommendation
There is a relatively low prevalence of BV and flagellate 
co-infection in the community studied; our report may 
not be unconnected with socio-economic and educa-
tional facilities improvement in Lagos State. Recall that 
for almost a decade, the Lagos State government imple-
mented a free educational policy and has carried out a 
good public health campaign against maternal mortal-
ity. These policies presuppose improved health aware-
ness of good antenatal care. This study advocates for the 

sustainability of all socio-economic and primary health 
improvement programme of Lagos State and implore 
other state and Local government authority to emulate 
the same. There is a relatively low prevalence of BV and 
flagellate co-infection in the community studied.

Recommendation
We recommend screening of antenatal women with 
underlying symptoms for BV and flagellates co-infection 
to avoid its progression to vaginitis. Trichomoniasis on 
the other hand is said to be associated with transmissi-
ble urogenital infections such as viruses e.g. human pap-
illomavirus (HPV), bacteria e.g. Neisseria organism and 
other microbes. From other peer reports the overall con-
sequences of risk of untreated TV infection include the 
risk for preterm delivery, low birth weight of new born, 
premature rupture of membranes and that the pregnant 
women are prone to developing pelvic inflammatory dis-
ease (PID).

Study limitations
The study design has some limitations as the study 
excluded pregnant women who are not on routine ante-
natal care or those who attended private clinics and in 
particular, the conservative group that still believes and 
patronizes local health practitioners and traditional birth 
attendants. Again, the BV test method is a source of limi-
tations, since the PCR method has a more significant 
case recovery tendency when compared with the wet 
mount employed. These certainly will impede generalisa-
tion of this report. We therefore, recommend a funded 
generalizable study, particularly, to decipher the effects 
of bacterial co-infection with flagellates on pregnancy 
complications.
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