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Evaluation of Vaginal Flora of Pregnant Women Using Fosfomycin*

Fosfomisin Kullanan Gebe Kadinlarin Vajinal Florasinin Degerlendirilmesi

Mehtap CELIK', Mehmet OZDEMIR?, Ciineyt KURU?

Abstract: Objective: The objective of this investigation is to elucidate the influence of fosfomycin on the
composition and stability of the vaginal microbiota during pregnancy. Methods: All last-trimester pregnant women
who presented to Karabiik Training and Research Hospital (KEAH) for delivery between August 15, 2020, and
January 15, 2021, were included in this case-control study. The study group consisted of 40 pregnant women who
used fosfomycin and 40 control participants who met the following criteria: Turkish-speaking, no intellectual
disability, intact membranes, no vaginal bleeding, no vaginal examination within the previous 24 hours, and a
negative Covid-19 test. An informed consent form was administered to all pregnant women admitted for delivery.
Vaginal culture samples were obtained in the lithotomy position using transport swabs from the upper lateral walls
of the mucosal membranes or fornices. Samples were inoculated into culture media in the KEAH Microbiology
Laboratory on the same day under sterile conditions. Results: A statistically significant difference was found
between pregnant women using fosfomycin and those not using fosfomycin in terms of pathogenic microorganism
growth in the vaginal flora (p=0.002). Conclusion: The study determined that the use of fosfomycin during
pregnancy leads to the growth of pathogenic microorganisms in the vaginal flora. Since antibiotics used during
pregnancy do not possess toxicity exclusively toward the target pathogen, they also affect the vaginal flora.
Pregnant women should be educated on maintaining vaginal flora through healthy dietary habits, proper hygiene
practices, and safe sexual intercourse.
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Oz: Amag: Bu aragtirmanin amaci, fosfomisinin gebelik sirasinda vajinal mikrobiyota kompozisyonu ve stabilitesi
tizerindeki etkisini acikliga kavusturmaktir. Gereg ve Yontem: Karabiik Egitim ve Arastirma Hastanesi’ne (KEAH)
dogum yapmak iizere 15 Agustos 2020 ile 15 Ocak 2021 tarihleri arasinda basvuran son trimesterdeki tiim gebeler
bu vaka-kontrol ¢aligmasmna dahil edildi. Calisma grubu, fosfomisin kullanan 40 gebe ile asagidaki kriterleri
karsilayan 40 kontrol olgudan olusturuldu: Tiirk¢e konusan, zihinsel engeli olmayan, zarlar1 intakt, vajinal kanamasi
olmayan, son 24 saat i¢inde vajinal muayene yapilmamis ve Covid-19 testi negatif olan. Dogum amaciyla hastaneye
bagvuran tiim gebelere bilgilendirilmis onam formu uygulandi. Vajinal kiiltiir 6rnekleri, litotomi pozisyonunda
mukozal membranlarm veya fornikslerin iist lateral duvarlarindan transport ¢ubuklar1 kullanilarak alindi. Ornekler
ayni giin KEAH Mikrobiyoloji Laboratuvari’nda steril kosullarda besiyerlerine ekildi. Bulgular: Fosfomisin
kullanan gebeler ile kullanmayanlar arasinda vajinal florada patojen mikroorganizma iiremesi agisindan istatistiksel
olarak anlamli bir fark bulundu (p=0,002). Sonug¢: Calisma, gebelikte fosfomisin kullaniminin vajinal florada
patojen mikroorganizmalarin {iremesine yol agtigini1 gostermistir. Gebelikte kullanilan antibiyotikler yalnizca hedef
patojene Ozgli toksisite gostermediginden vajinal florayr da etkilemektedir. Gebelere, saglikli beslenme
aliskanliklari, uygun hijyen uygulamalar1 ve giivenli cinsel iliski yoluyla vajinal floranin korunmasi konusunda
egitim verilmelidir.

Anahtar Kelimeler: Fosfomisin, Gebelik, Vajen florasi, Vajen kiiltiiri.
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Introduction

The communities of microorganisms that inhabit the healthy human body, coexisting
without causing harm and often providing beneficial functions, are collectively referred to as
the normal microbial flora. The microbial community present in the vagina is known as the
vaginal flora, within which Lactobacillus species predominate in healthy individuals (Nsereko

et al., 2021).

During pregnancy, several physiological changes take place within the endocrine,
immunological, and vascular systems. These alterations can increase a pregnant individual’s
susceptibility to infections (Gestels and Vandenplas, 2023). Pregnancy is considered a period
in which susceptibility to vaginal infections increases. Disturbance of the vaginal flora during
this time may contribute to intrauterine infection, fetal growth restriction, premature rupture of

membranes, preterm labor, low birth weight, and puerperal infections (Yu et al., 2018).

Physiological changes that occur during pregnancy, combined with additional risk
factors, increase the incidence of urinary tract infections (UTIs), including bacteriuria, cystitis,
and pyelonephritis. Maternal complications associated with UTIs in pregnancy may include
septic shock, maternal mortality, intrapartum fever requiring antibiotic therapy, postpartum
infections requiring antibiotic treatment, pyelonephritis, preeclampsia, cesarean delivery,
endometritis, chorioamnionitis, and premature rupture of membranes (Azami et al., 2019; Lee
et al., 2019). Fetal complications associated with UTIs during pregnancy include sepsis, low
birth weight, prematurity, premature rupture of membranes, infected amniotic fluid, intrauterine
growth restriction, and perinatal mortality. Additional potential complications encompass
cerebral palsy, neonatal encephalopathy, chronic lung disease, intraventricular hemorrhage,
necrotizing enterocolitis, neonatal seizures, intrapartum bleeding, and congenital cardiac
malformations (Azami et al., 2019). Therefore, early diagnosis and treatment of UTIs during
pregnancy are essential. Owing to its high sensitivity, ease of administration, and favorable
safety profile, fosfomycin is commonly preferred in the management of uncomplicated UTIs

during pregnancy (Aktiin et al., 2018; Ceken and Avci, 2019; Mannucci et al., 2019).

Fosfomycin, owing to its distinctive pharmacological properties and broad antimicrobial
spectrum, is a targeted antibiotic recommended for the treatment of uncomplicated UTIs. It
demonstrates a broad-spectrum and rapid bactericidal activity against on many gram-positive
bacteria, such as E. faecalis isolated from uncomplicated UT]Is, as well as most gram-negative
bacteria, including E. coli (Asgin et al., 2018). First derived from Streptomyces cultures in

Spain in 1969 and initially named phosphonomycin, fosfomycin trometamol has been used for
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many years in the treatment of various infections, primarily UTIs. Despite its long-standing
clinical use, it remains one of the few antibiotics worldwide with an exceptionally low incidence
of E. coli resistance (approximately 1%). In addition to low resistance rates, fosfomycin
possesses several noteworthy attributes, including favorable pharmacokinetic and
pharmacodynamic properties, strong in vitro activity, proven clinical efficacy, and high
tolerability and safety. It is classified as a “Category B” drug by the FDA, although antibiotic
resistance patterns can vary considerably among different countries (Uzun et al., 2012; Aktiin

etal., 2018).

Literature studies have demonstrated that vaginal flora undergoes alterations during
pregnancy and that antibiotic use can influence its composition. However, research
investigating the effects of antibiotics on the structure and function of the vaginal flora remains
limited. This study aims to address this gap by evaluating the effects of fosfomycin exposure

on the growth of pathogenic microorganisms within the vaginal microbiota.

Methods

This case-control study was conducted between August 15, 2020, and January 15, 2021,
at Karabiik University Training and Research Hospital. The study population consisted of all
pregnant women in their last trimester (28—40 weeks of gestation) who presented to the hospital

for delivery during this period.

The study group included 40 pregnant women at Karabiik University Training and
Research Hospital who met the inclusion criteria and had used fosfomycin during pregnancy.
The control group comprised an equal number of pregnant women, randomly selected from
those meeting the inclusion criteria during the same period. Pregnant women were excluded
from the study if they met any of the following criteria: difficulty speaking or understanding
Turkish, intellectual disabilities, intact membranes or bleeding, vaginal examination within the

previous 24 hours, declining to participate in the study, a positive COVID-19 test.

Approval for this study was obtained from the Karabiik University Non-Interventional
Clinical Research Ethics Committee (Decision No: 7/7, Date: 11/11/2019). The samples were
collected from pregnant women who provided written informed consent. To minimize anxiety
in the participants, sample collection was synchronized with the routine vaginal examination at
the time of hospital admission for delivery, as recommended by the attending obstetrician.
Samples were obtained by the investigator with participants in the lithotomy position on a

gynecological examination table, using Cultiplast® transport swabs to collect mucosal
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specimens from the upper lateral vaginal walls or fornices. The samples were sent to the
Microbiology Laboratory, inoculated into BD Blood Agar, BD Eosin Methylene Blue (EMB)
Agar, and RTA Sabouraud Dextrose Agar (SDA), and incubated at 35°C for 24—48 hours.
Bacterial species were then identified using the BD Phoenix system after determining the

growth densities in the cultures.

The data were analyzed using SPSS 25.0 software (IBM Corporation, Armonk, NY,
USA). The normal distribution of the data was assessed using the Kolmogorov-Smirnov test.
The Mann-Whitney U test was applied to compare two independent groups for non-normally
distributed quantitative data. For categorical variables, the Chi-square test, Fisher’s exact test,
and Fisher-Freeman-Halton exact test were used. Quantitative variables are presented as
medians (25th—75th percentile), and categorical variables as percentages (n%). All analyses
were conducted at a 95% confidence level, and p-values <0.05 were considered statistically

significant.

Results

The case and control groups did not differ significantly in terms of sociodemographic
characteristics. Smoking was reported by 9 participants in the case group and 2 in the control
group. Similarly, no significant differences were observed between the groups regarding

chronic disease status or gestational diabetes (Table 1).

When comparing the hygiene habits of pregnant women in the case and control groups,
43.3% of women using cotton underwear belonged to the case group, while 56.7% were in the
control group. The use of antiseptic solutions and vaginal douches was higher in the case group
(71.4% and 28.6%, respectively) than in the control group (56% and 44%, respectively).
Additionally, the rates of engaging in sexual intercourse and using sanitary pads were higher in

the case group (66.7% and 44.1%, respectively) (Table 2).

Among the 20 pregnant women with pathogenic microorganisms in their vaginal cultures,
7 had used an antiseptic solution; however, no statistically significant association was observed.
Among the 20 pregnant women who did not use cotton underwear, 6 had pathogenic
microorganism growth. Similarly, among the 30 women who changed their underwear every
two days, 6 exhibited pathogenic microorganism growth. Among the 25 women who practiced
vaginal douching, 9 had pathogenic microorganisms in their vaginal culture samples.
Additionally, of the 21 women who engaged in sexual intercourse within the last 48 hours, 3
had pathogenic microorganism growth. Finally, among the 19 women who used sanitary pads,

6 showed pathogenic microorganism growth in their vaginal cultures (Table 3).
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Table 1: Comparison of the Case and Control Groups in Terms of Pregnant Women’s Demographic

Characteristics

N Case Group Control Group Test Statistics p-value
Age 80  26.4(20.0-31.0)  27.4(23.0-30.0) 692.500 0.300*
(Median, Q1-Q3)
Number of pregnancies 80 2.0 (1.0-2.0) 2.2 (1.0-3.0) 634.500 0.0922
(Median, Q1-Q3)
Number of births 53 1.5 (1.0-2.0) 1.3 (1.0-2.0) 330.500 0.777*
(Median, Q1-Q3)
Miscarriages/Abortions 53 0.3 (0.0-0.00) 0.7 (0.0-1.0) 330.000 0.719*
(Median, Q1-Q3)
Gestational weeks 80 38 (37.0-39.0) 38.1 (36.0-40.0) 784.000 0.876*
(Median, Q1-Q3)
Education level (n, %) 0.654°
Below high school 38 18 (47.4) 20 (54.6) 0.201
High school and above 42 22 (52.4) 20 (47.6)
Employment status (n, 1.000°
‘%))
Employed 70 35 (50.0) 35 (50.0) 0.000
Unemployed 10 05 (50.0) 05 (50.0)
Smoking status (n, %)
Yes 11 09 (81.8) 02 (18.2)
No 69 31 (44.9) 38 (55.1)
Alcohol use (n, %) 1.000°
No 80 40 (50.0)
Yes 00 00 (0.0)
Chronic disease status 0.412°
(n, %)
Yes 17 07 (41.2) 10 (58.8) 0.672
No 63 33(52.4) 30 (47.6)
Gestational diabetes 1.000°
diagnosis (n, %)
Yes 2 01 (50.0) 01 (50.0) 0.000
No 78 39 (50.0) 39 (50.0)

Mann-Whitney U test; Q1: 25th Percentile, Q3: 75th Percentile; * Chi-square testi; © Fisher’s Exact testi

Among the 40 pregnant women who used fosfomycin antibiotics, pathogenic
microorganisms were detected in the vaginal flora of 16 participants. These 16 women
comprised the case group (fosfomycin users), while 4 women constituted the control group

(non-users) (Table 4).

The pathogens identified in the vaginal flora were Candida albicans, Escherichia coli,
Streptococcus agalactiae, and Stenotrophomonas maltophilia. 1t was determined that out of 10
cases where Candida albicans were identified, 9 of them were in the case group. Among the 6
cases with E. coli growth, 4 were in the case group. All the 2 cases where Streptococcus
agalactiae was identified were in the case group. Regarding the 2 cases with Stenotrophomonas

maltophilia growth, 1 of them was in the case group (Table 5).
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Table 2: Comparison of Hygiene Habits Between the Case and Control Groups (n=80)

Total Case Group Control Group Test p-value
n (%) n (%) n (%) Statistics
Cotton underwear
usage
Yes 60 (100.0) 26 (43.3) 34 (56.7) 4.267 0.0397
No 20 (100.0) 14 (70.0) 06 (30.0)
Frequency
of changing
underwear
Every day 50 (100.0) 25 (50.0) 25 (50.0) 0.000 1.000?
Every two days 30 (100.0) 15 (50.0) 15 (50.0)
Antiseptic
solution
usage
Yes 14 (100,0) 10 (71,4) 04 (28,6) 3,117 0,077%
No 66 (100.0) 30 (45.5) 36 (54.5)
Vaginal
douching
Yes 25 (100.0) 14 (56.0) 11 (44.0) 0.524 0.469*
No 55 (100.0) 26 (47.3) 29 (52.7)
Sexual
intercourse
Yes 21 (100.0) 14 (66.7) 07 (33.3) 3.164 0.0752
No 59 (100.0) 26 (44.1) 33(55.9)
Pad usage
Yes 19 (100.0) 12 (63.2) 07 (36.8) 1.726 0.189%
No 61 (100.0) 28 (45.9) 33 (54.1)

“Chi-square test
Discussion

In our study, among the vaginal culture samples in which pathogenic microorganisms
were isolated, Candida albicans was identified in 50% of cases, Escherichia coli in 30%,
Streptococcus agalactiae in 10%, and Stenotrophomonas maltophilia in 10%. Elevated
estrogen levels during pregnancy are known to increase glycogen deposition in the vaginal
epithelium, thereby creating a favorable environment for the proliferation of C. albicans. These
findings are consistent with previously published research. Balaka et al. (2003) reported
Candida albicans in 33.3% and Escherichia coli in 10.9% of vaginal cultures obtained from
306 pregnant women at 29-32 and 33—-36 weeks of gestation. Similarly, Di Bartolomeo (2001)
detected C. albicans in 34.3% and Streptococcus agalactiae in 4.5% of samples collected from
198 pregnant women. KazZmierczak et al. (2004) identified C. albicans in 42.0% of cultures
obtained from 450 pregnant women in Poland. In a larger cohort study, Yu et al. (2018)
examined vaginal microecological factors in 751 pregnant women and found that 32.62% had

genital tract infections, with C. albicans present in 14.91% of case.
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Cengiz et al. (2004) reported that among women presenting with vaginal discharge,
Candida albicans was isolated in 39.8% of cases, while Escherichia coli was identified in
12.4%. Similarly, in a study of 121 women with uncomplicated pregnancies, Celen et al. (2012)
found that 14.9% had positive vaginal cultures. The most frequently isolated microorganisms
were E. coli (5.8%), C. albicans (2.5%), and Streptococcus agalactiae (0.8%), representing the

three predominant pathogens.

Table 3: The Impact of Hygiene Habits on Vaginal Culture Results (n=80)

Total Pathogenic No Pathogenic Test p-value
n (%) Growth (+) Growth (-) Statistics
n (%) n (%)

Cotton
underwear
usage
Yes 60 (100.0) 14 (23.3) 46 (76.7) 0.356 0.551*
No 20 (100.0) 06 (30.0) 14 (70.0)
Frequency of
changing
underwear
Every day 50 (100.0) 14 (28.0) 36 (72.0) 0.640 0.424*
Every two days 30 (100.0) 06 (20.0) 24 (80.0)
Antiseptic
solution
usage
Yes 14 (100.0) 07 (50.0) 07 (50.0) 0.025°
No 66 (100.0) 13 (19.7) 53 (80.3)
Vaginal douching
Yes 25 (100.0) 09 (36.0) 16 (64.0) 2.347 0.126*
No 55 (100.0) 11 (20.0) 44 (80.0)
Sexual intercourse
Yes 21 (100.0) 03 (14.3) 18 (85.7) 1.743 0.187*
No 59 (100.0) 17 (28.8) 42(71.2)
Pad usage
Yes 19 (100.0) 06 (31.6) 13 (68.4) 0.448°
No 61 (100.0) 14 (23.0) 47 (77.0)

“Chi-square test; bFisher’s Exact test

Table 4: Comparison of Case and Control Groups in Terms of Vaginal Culture Results (n=80)

Total Case Group Control Group Test p-value
n (%) n (%) n (%) Statistics
Culture outcome
Pathogenic growth (+) 20 (100.0) 16 (80.0) 4 (20.0) 9.600 0.0022
No pathogenic growth (-) 60 (100,0) 24 (40.0) 36 (60.0)

“Chi-square test
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Previous studies have consistently demonstrated that in vaginal cultures obtained from
pregnant women in their third trimester, Candida albicans is the predominant pathogen,
followed by Escherichia coli and Streptococcus agalactiae. The findings of our study parallel
these reports, further supporting the high prevalence of C. albicans during late pregnancy.
Notably, Stenotrophomonas maltophilia was isolated in 10% of cases, a rate that is relatively
uncommon in the existing literature and may warrant closer clinical attention. This observation
underscores the need for future research involving larger study populations to better
characterize the epidemiological significance and potential clinical implications of this

microorganism in pregnant women.

Table 5: Pathogenic Microorganisms Cultured in the Case and Control Groups (n=20)

Total Case Group Control Groub
n (%) n (%) n (%)
Candida albicans 10 (100.0) 09 (90.0) 01 (10.0)
Escherichia coli 06 (100.0) 04 (66.7) 02 (33.3)
Streptococcus agalactiae 02 (100.0) 02 (100.0) 00 (0.0)
Stenotrophomonas maltophilia 02 (100.0) 01 (50.0) 01 (50.0)

During pregnancy, the use of antiseptic solutions for vulvovaginal hygiene has been
associated with alterations in the wvaginal flora and the proliferation of pathogenic
microorganisms (Okumus and Demirci, 2014). Oh et al. (2002) reported that among
adolescents, 79% used a water—vinegar mixture, 17% used povidone—iodine, and 14% used
baking soda for vaginal cleansing. Similarly, Rajamanoharan et al. (1999) demonstrated that
the use of antiseptic agents disrupts the normal vaginal microbiota and contributes to the
development of bacterial vaginosis. Ergiin et al. (2020) found that among 268 participants,
17.9% used soap, 18.3% used shower gel, and 5.6% used antiseptic solutions for genital
hygiene. In line with previous research, the present study showed that the use of antiseptic
solutions was significantly associated with the growth of pathogenic microorganisms in the

vaginal flora of pregnant women (p=0.025).

Vaginal douching is known to introduce various pathogenic microorganisms into the
vagina, thereby disrupting the normal vaginal flora (Caligkan, 2005). This practice decreases
the number of Lactobacilli, elevates vaginal pH, and consequently increases the risk of genital
infections (Nsereko et al., 2021). Sakru et al. (2006) reported higher frequencies of Group B
Streptococcus, Enterococcus spp., and Candida albicans among pregnant women who
practiced vaginal douching. In a pilot study, Brotman et al. (2008a) found that discontinuing

vaginal douching reduced the occurrence of bacterial vaginosis (BV). In a subsequent study,
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Brotman et al. (2008b) further demonstrated that vaginal douching disrupts the vaginal
microbiota and increases the risk of BV. Similarly, Drugbo et al. (2015) showed in a Nigerian
cohort that vaginal douching performed by 34 women disrupted the normal vaginal flora and
elevated the risk of BV. However, a study conducted by Yildirim et al. (2020) in Tiirkiye did
not observe significant effects of vaginal douching on the vaginal flora. In another study,
Yurttas Akar (2020) reported that women who practiced vaginal douching experienced a higher
frequency of vaginal infections, although no significant association was found between vaginal

douching and alterations in the vaginal flora (p=0.126).

Smoking has been shown to reduce Lactobacillus species and disrupt the normal vaginal
flora (Brotman et al., 2014). In a study including 20 smokers and 20 non-smokers, Brotman et
al. (2014) reported significantly lower levels of Lactobacillus species among smokers.
Similarly, Nelson et al. (2018), in their study of 17 smokers and 19 non-smokers, observed
decreased Lactobacillus species in smokers, which increased their susceptibility to urogenital
infections and vaginal odor. In the present study, microbial growth was detected in the vaginal

cultures of 4 out of 11 smokers; however, this finding was not statistically significant.

The use of cotton underwear is recommended to support genital hygiene, as synthetic
fabrics tend to retain moisture and create an environment conducive to the development of
infections (Cangdl and Tokug, 2013). However, Klebanoff et al. (2010), in their study of 3,620
women, reported that wearing cotton underwear did not influence the composition of the
vaginal flora. In a hospital-based study of 714 pregnant women, Pinar et al. (2009) investigated
factors affecting abnormal vaginal discharge and found that the use of cotton underwear was
significantly associated with fewer complaints of abnormal discharge. Conversely, Cangol et
al. (2013) reported that cotton underwear use did not have an impact on genital infections. In
the present study, microbial growth was detected in 14 out of 60 women who wore cotton

underwear; however, this finding was not statistically significant.

The frequency of changing underwear is considered an important hygiene practice
(Cango6l and Tokug, 2013). In their study of 402 women, Cangdl and Tokug (2013) reported
that 58.9% changed their underwear daily, and this practice had no effect on genital infections.
Similarly, Pinar (2009) found that the frequency of changing underwear did not influence the
occurrence of abnormal vaginal discharge. In the present study, 62.5% of pregnant women
reported changing their underwear every day; however, the impact of this practice on the growth

of pathogenic microorganisms in the vaginal flora was not statistically significant.
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Results and Recommendations

Of the 20 women with positive vaginal cultures, 16 were in the study group (those who
used fosfomycin) and 4 were in the control group (those who did not use fosfomycin). A
statistically significant difference was observed between the two groups in the growth of

pathogenic microorganisms in vaginal culture samples (p=0.002).

Disruptions in the vaginal flora during pregnancy are known to be associated with adverse
outcomes such as intrauterine infections, fetal growth restriction, premature rupture of
membranes, preterm labor, low birth weight, and puerperal infections. Based on our findings
regarding fosfomycin use—particularly in relation to antiseptic exposure and the presence of
pathogenic microorganisms—midwives and nurses should provide evidence-based supportive
care to pregnant women during pregnancy, childbirth, and the postpartum period. Although this
study did not directly evaluate the effects of hygiene practices, diet, or sexual behavior on

pathogenic growth, these factors remain essential components of routine antenatal education.

This study found that pathogenic microorganisms were more frequently detected in the
vaginal cultures of women who received fosfomycin; however, due to the observational nature
of the research, causality cannot be established. As no comparable studies were identified in
the literature, further research into larger sample sizes is recommended. Additionally,
comparative studies involving different antibiotics or analyses conducted across various

trimesters should be considered to enhance the evidence base.
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