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Abstract

Rationale: Reproductive tract infections (RTIs), including pelvic inflammatory disease (PID), are
significant public health concerns among young women, especially in sub-Saharan Africa. The
university environment, characterized by communal living and varying access to personal
healthcare, provides a unique setting to investigate these infections. Understanding the prevalence,
microbial patterns, and antimicrobial resistance in university settings is critical to developing
effective health interventions. Objectives: This study aimed to assess the prevalence of RTIs, identify
the microbial pathogens responsible for pelvic inflammatory disease, and determine their
antimicrobial susceptibility patterns among female students residing in hostels at Niger Delta
University, Bayelsa State, Nigeria. The study also sought to explore the age distribution of affected
individuals and the microbial burden in the university hostel environment. Methods: A descriptive
cross-sectional study was conducted at Niger Delta University in Amassoma, Nigeria. Fifty female
students within the reproductive age group residing in the university’s hostels participated. Data
were collected using high vaginal swabs and midstream urine samples, which were cultured for
microbial growth. Antimicrobial susceptibility testing was performed using the Kirby-Bauer disk
diffusion method. Descriptive statistical analysis was employed to present the findings. Results: The
study found that 52% of participants were in the 18-21 age group, while 48% were in the 22-25 age
group. Candida species were the most commonly isolated pathogens (70%), followed by Escherichia
coli (30%). The growth rates on Sabouraud dextrose agar revealed a predominance of fungal
infections. Antimicrobial susceptibility testing showed varying levels of resistance, with
Ciprofloxacin and Levofloxacin exhibiting the highest susceptibility, while higher resistance rates
were observed for commonly used antibiotics such as Amoxicillin and Augmentin. Conclusion: The
findings suggest that fungal infections, particularly those caused by Candida species, are a significant
concern among young female university students. The presence of antimicrobial resistance highlights
the need for alternative treatment strategies and enhanced infection control measures.
Recommendations: Implement hygiene education and improved sanitation in hostel facilities,
introduce routine screening for RTIs and provide access to effective antimicrobial treatments and
integrate reproductive health education and regular medical check-ups into the university’s
healthcare services. Health Significance: This study underscores the importance of addressing RTIs
among young women in university settings to prevent long-term reproductive health issues. The
findings contribute to the understanding of microbial resistance patterns, which is essential for the
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development of effective public health policies and interventions targeting PID and associated
complications such as infertility.

Keywords: reproductive tract infections; pelvic inflammatory disease; candida species; Escherichia
coli; antimicrobial resistance; university health; fungal infections; sexually transmitted infections;
infection control; public health interventions

1. Introduction

Pelvic Inflammatory Disease (PID) represents a significant public health issue, particularly in
sub-Saharan Africa, where the incidence of reproductive tract infections (RTIs) remains high among
young women. PID is a condition characterized by the infection of the upper female reproductive
organs, including the uterus, fallopian tubes, ovaries, and surrounding pelvic structures, and is
primarily caused by sexually transmitted infections (STIs) like Chlamydia trachomatis and Neisseria
gonorrhoeae (Raimi & Ochayi, 2017; Adebayo & Olatunji, 2022; Akinyemi et al., 2022). This disease is
often overlooked or misdiagnosed due to the lack of adequate diagnostic facilities and healthcare
resources in many parts of sub-Saharan Africa (World Health Organization [WHO], 2021; Nwankwo
et al, 2021). Among sexually active young women, particularly those in tertiary education
institutions, PID poses significant risks, including infertility, chronic pelvic pain, and increased
susceptibility to ectopic pregnancy (Akinyemi et al., 2020; Nwadioha et al., 2020). The majority of these
women, especially those in hostel environments, are exposed to factors that increase their
vulnerability to RTIs, such as multiple sexual partners, inconsistent condom use, and limited access
to sexual health education (Adefuye et al., 2021; Afolayan ef al., 2021). While the risks associated with
PID among young women are well documented, much remains unknown regarding the prevalence,
microbial agents, and antimicrobial susceptibility patterns in certain geographic areas, such as Niger
Delta University in Nigeria. There is a significant gap in local, evidence-based data that hinders
effective diagnosis and treatment of PID (Okafor & Nwankwo, 2023; Tukur et al., 2022). The absence
of systematic microbiological investigation of PID, particularly in hostel settings where there is
limited access to healthcare services, exacerbates the challenges of treating infections effectively.
Studies conducted in Nigerian universities have highlighted the general awareness and health-
seeking behavior challenges faced by female students in hostel environments, yet there is a lack of
microbiological and antimicrobial resistance data specific to these populations (Olowe et al., 2022;
Umar et al., 2021; Ndu et al., 2025; Christopher et al., 2025a, b; Teddy et al., 2025). Therefore, the
research gap lies in the insufficient local data on the microbial agents involved in PID and their
resistance patterns in these settings, which limits the ability to provide targeted and effective
treatments. The need for this study is urgent given the increasing rates of antimicrobial resistance
(AMR) among urogenital pathogens in sub-Saharan Africa (Nwankwo et al., 2021; Okeke et al., 2022).
Inadequate management of PID, primarily due to empirical treatment without laboratory
confirmation, leads to the recurrence of infections and complications (Cheesbrough, 2020). The rising
global concern over AMR necessitates the need for this study to generate locally relevant
microbiological and antimicrobial susceptibility data. Such data are essential for guiding clinicians in
the appropriate selection of antibiotics, reducing unnecessary drug use, and ultimately improving
the reproductive health outcomes of affected women (CLSI, 2023; WHO, 2022). Moreover, the study
will contribute to addressing the significant public health issue of PID among female students in
university hostels, which is often neglected in favor of broader public health concerns (Brunham et
al., 2021). By using high vaginal swab and urine culture techniques combined with antimicrobial
sensitivity testing, this study aims to identify the causative agents of PID and their resistance patterns
in the study population, offering a comprehensive approach to disease diagnosis and management.
In light of these gaps and the urgency of addressing PID in university hostel settings, this study will
provide vital insights into the prevalence, microbiological agents, and antimicrobial resistance
patterns associated with PID among female students in the Niger Delta University, Amassoma. By
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employing robust microbiological techniques, including high vaginal swab and urine culture
methods, alongside antimicrobial susceptibility testing, this research seeks to generate accurate and
locally relevant data that will inform clinical decisions, improve treatment strategies, and contribute
to the development of preventive measures. The specific objectives of this study are to collect high
vaginal swab and urine samples from female hostel residents, identify and isolate bacterial pathogens
associated with PID, determine the prevalence of microbial isolates, and perform antimicrobial
susceptibility testing to identify resistance patterns. This will not only provide crucial data for
clinicians but will also serve as a model for similar studies in other tertiary institutions in Nigeria and
sub-Saharan Africa.

2. Materials and Methods
2.1. Study Area

This study was conducted at Niger Delta University (NDU), Amassoma, located in the Southern
ljaw Local Government Area of Bayelsa State, Nigeria. Amassoma is a university town with a large
student population, particularly among female undergraduates, many of whom reside in organized
hostel facilities within the university campus. The communal living conditions in the hostels, along
with the age distribution of the female students, provide an ideal environment for studying Pelvic
Inflammatory Disease (PID), which is known to disproportionately affect young, sexually active
women (Akinyemi et al., 2020). Furthermore, the high concentration of female students in these
hostels makes the study setting particularly relevant for exploring the prevalence and microbial
agents associated with PID in this demographic. Laboratory analyses were performed in a standard
microbiology laboratory using established bacteriological procedures (Cheesbrough, 2020; Adebayo
& Olatunji, 2022).

2.2. Study Design

A descriptive cross-sectional study design was adopted for this investigation to assess the
prevalence of PID among female students residing in the hostels at Niger Delta University,
Amassoma. The cross-sectional design allows for a snapshot of the microbial agents associated with
PID at a specific point in time, without influencing or manipulating the variables being studied
(Adefuye et al., 2021; Okafor & Nwankwo, 2023). This type of study design is ideal for identifying the
microorganisms involved in PID and the antimicrobial resistance patterns among female students
without altering their behaviors or clinical practices. The design was particularly beneficial in
capturing a broad range of microbial agents that may be responsible for PID, and it provided a
comprehensive, real-time assessment of the current situation at the university (Nwankwo ef al., 2021).

2.3. Study Population

The study population consisted of female students residing in the hostels at Niger Delta
University, Amassoma, within the reproductive age group (18-49 years). The inclusion of this specific
population allowed for a focused investigation into the risk factors and prevalence of PID in an
environment where young women, particularly students, are at an increased risk of contracting
reproductive tract infections (RTIs) due to behavioral and environmental factors (Torrone et al., 2021).
Participation in the study was voluntary, and only those who provided informed consent were
enrolled. This approach ensured ethical compliance and respect for participants' autonomy while
allowing for an accurate representation of the student population in relation to PID (Akinyemi et al.,
2020). The inclusion of only female students who gave consent also ensured that the findings were
based on a population directly impacted by PID, thereby increasing the study's relevance and
applicability to real-world health issues faced by young women in tertiary institutions (Okeke et al.,
2022).
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2.4. Sample Size Determination

A total of fifty (50) samples were collected from female hostel residents at Niger Delta
University, Amassoma. The sample size was determined based on the feasibility of conducting the
study within the available resources, as well as the laboratory capacity to handle and process the
samples effectively. This sample size is consistent with similar microbiological-based studies
conducted in Nigerian universities, which aim to investigate reproductive health issues among
female students (Afolayan ef al., 2021). The sample size was considered adequate for the descriptive
analysis required to identify microbial isolates and determine the antimicrobial resistance patterns
associated with PID in this specific population. This approach allowed for a comprehensive
understanding of the PID landscape among female students and facilitated meaningful analysis of
the findings (Adebayo & Olatunji, 2022).

2.5. Sampling Technique

A convenience sampling technique was employed for the recruitment of study participants. This
method was selected due to the ease of access to participants within the university's hostel facilities,
as well as the need for a pragmatic approach in achieving the desired sample size within a reasonable
timeframe. Eligible participants who met the inclusion criteria and provided informed consent were
consecutively recruited until the required number of samples was obtained. Convenience sampling
is a practical technique often used in epidemiological studies, particularly when studying specific
populations such as university students, and it allowed the study to gather sufficient data from the
target group in an efficient manner (Nwankwo et al., 2021). Although this method may introduce
some biases, it was deemed appropriate given the resource constraints and the specific context of the
study (Akinyemi et al., 2022).

2.6. Inclusion and Exclusion Criteria

Female students residing in the hostels at Niger Delta University who consented to participate
in the study were eligible for inclusion. The study focused specifically on women within the
reproductive age group (18-49 years), as they are the demographic most vulnerable to developing
PID (Torrone et al., 2021). Exclusion criteria included students who were menstruating at the time of
sample collection, as menstrual blood could interfere with microbial analysis and affect the accuracy
of results. Additionally, students who had recently taken antibiotics were excluded, as antibiotic use
could alter the microbial flora, potentially masking the presence of pathogens associated with PID
(Haggerty & Taylor, 2020). Students who declined to provide consent were also excluded from the
study to ensure that only participants who voluntarily agreed to participate were included, in
alignment with ethical standards (WHO, 2022).

2.7. Sample Collection

Two types of specimens were collected from each participant to ensure comprehensive microbial
analysis. High vaginal swab (HVS) samples were collected using sterile swab sticks by trained
personnel to obtain vaginal secretions from the vaginal canal. The swab was gently inserted into the
canal, rotated to collect secretions, and immediately placed in a sterile transport medium for
laboratory analysis. The second sample type was midstream urine, which was collected into sterile
universal containers using the clean-catch method to minimize contamination. Proper instructions
were provided to participants to ensure that urine samples were collected without external
contamination. These samples were promptly transported to the laboratory for analysis (Akinyemi
et al., 2020). The combined use of high vaginal swabs and urine samples enabled a comprehensive
examination of both upper and lower reproductive tract infections associated with PID (Brunham et
al., 2021).
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2.8. Laboratory Analysis

The laboratory analysis followed standard microbiological techniques to identify and
characterize the microbial agents responsible for PID. For high vaginal swab cultures, the swabs were
inoculated onto blood agar, chocolate agar, and MacConkey agar plates, and incubated at 37°C for
24-48 hours. The colonies that grew were examined based on colony morphology, Gram staining, and
standard biochemical tests. Urine samples were cultured using the standard calibrated loop
technique on Cystine Lactose Electrolyte Deficient (CLED) agar and MacConkey agar, and incubated
at 37°C for 24 hours. Significant bacteriuria was identified based on colony counts, and isolates were
characterized through Gram staining and biochemical tests such as catalase and coagulase (Adebayo
& Olatunji, 2022; Cheesbrough, 2020). These microbiological methods were essential in identifying
the causative agents of PID and in guiding appropriate therapeutic interventions.

2.9. Identification of Isolates

Microbial isolates obtained from both high vaginal swab and urine cultures were identified
using standard microbiological techniques, including Gram reaction, cellular morphology, and
biochemical tests. The use of Gram staining allowed for the initial categorization of bacteria into
Gram-positive or Gram-negative groups, while biochemical tests such as catalase and coagulase were
used to further identify bacterial species. This combination of techniques is widely regarded as the
gold standard for bacterial identification in clinical microbiology and ensures accurate identification
of the pathogens involved in PID (Nwankwo et al., 2021). The identification of these isolates was
critical in understanding the microbial profile of PID in the study population and in determining the
best therapeutic approach for managing the infections.

2.10. Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing was performed on all bacterial isolates using the Kirby-
Bauer disk diffusion method, following the Clinical and Laboratory Standards Institute (CLSI)
guidelines. Isolates were emulsified in sterile normal saline and adjusted to match the 0.5 McFarland
turbidity standard. The inoculum was uniformly spread onto the surface of Mueller-Hinton agar
plates using a sterile swab. Commercially prepared antibiotic discs were placed aseptically on the
inoculated plates, and the plates were incubated at 37°C for 18-24 hours. After incubation, the zones
of inhibition around each antibiotic disc were measured in millimeters and interpreted as sensitive,
intermediate, or resistant based on CLSI interpretative criteria (Okeke et al., 2022; Haggerty & Taylor,
2020). This testing provided important information on the antimicrobial resistance patterns of the
isolates, helping to inform clinical treatment options for PID.

2.11. Data Analysis

Data obtained from the laboratory investigations were analyzed using descriptive statistical
methods. The frequency and percentage of different microbial isolates were calculated and presented
using tables and charts for clear visualization of the results. This method allowed for easy comparison
of the prevalence of specific pathogens and their resistance patterns, providing a comprehensive
overview of the microbial landscape of PID in the study population (Nwankwo ef al., 2021).
Descriptive statistics are commonly used in epidemiological studies to summarize and present data,
and they provide a reliable means of summarizing the findings of this study in a meaningful way.

2.12. Ethical Considerations

Ethical approval for this study was obtained from the Institutional Review Board (IRB) of the
Niger Delta University Teaching Hospital (NDUTH) before commencement.
Approval body: Niger Delta University Teaching Hospital (NDUTH) with IRB
Approval number: NDUTH/IRB/2025/045; Approval date: March 15, 2025. Informed consent was
obtained from all participants after a clear explanation of the study's purpose, procedures, and
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potential benefits; participation was entirely voluntary. Confidentiality of participants' personal
information and sample results was strictly maintained through anonymized coding and secure data
storage. Participants were also informed of their right to withdraw from the study at any time without
any penalty or impact on their academic standing. These measures ensured full compliance with
international ethical standards, including the Declaration of Helsinki, for research involving human
subjects in sensitive reproductive health contexts like PID prevalence among female university
students.

3. Result

The age distribution of participants in this study, as shown in Table 1 and Figure 1, indicates
that 52% of the participants were within the 18-21-year age range, while 48% were within the 22-25-
year age range. This suggests that the majority of the female students residing in the hostels at Niger
Delta University are relatively young adults, with a slightly higher proportion in the older age
category. The age range of 22-25 years is particularly notable, as individuals in this group are typically
at a stage where they are more likely to be sexually active, which places them at a heightened risk for
reproductive tract infections, including Pelvic Inflammatory Disease (PID). Given the communal
living environment in university hostels, factors such as limited access to personal healthcare, shared
sanitation facilities, and potentially risky sexual behaviors make this age group particularly
susceptible to PID. The key takeaway from this table is the demographic profile of participants, which
highlights the high proportion of young adult women who are at risk of PID due to both biological
and environmental factors. The significance of this distribution lies in its alignment with the known
risk factors for PID, especially in a university setting, where the combination of sexual activity and
limited healthcare access may exacerbate the likelihood of infections. The real-world implications of
these findings suggest that interventions such as targeted sexual health education, regular screening
for sexually transmitted infections (ST1Is), and improved healthcare services in university hostels
could be critical in reducing the incidence of PID among female students. Moreover, this research
could serve as a model for similar studies in other university settings, helping to inform public health
policies and interventions aimed at reducing the reproductive health risks faced by young women in
sub-Saharan Africa.

Table 1. Percentage Distribution of Age Range of Participants.

Age Range (years) Frequency (n) Percentage (%)
18-21 26 52.0
22-25 24 48.0
Total 50 100.0

22-25 years
18-21 years

Figure 1. Percentage Distribution of Age Range of Participants.
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The findings presented in Table 2 and Figure 2 show the percentage distribution of microbial
growth on two different culture media used in the study: MacConkey agar and Sabouraud dextrose
agar. On MacConkey agar, 34% of samples demonstrated significant growth (S.G), while 66% showed
no growth (N.G). This pattern indicates that a portion of the samples contained Gram-negative enteric
bacteria, which are commonly associated with reproductive tract infections. On the other hand,
Sabouraud dextrose agar showed a much higher rate of significant growth, with 74% of samples
demonstrating fungal growth, while only 26% showed no growth. This suggests a higher prevalence
of fungal organisms, particularly Candida species, in the study population. The growth patterns on
these media highlight the diverse microbial load present in the female student population, with a
clear dominance of fungal pathogens in this environment. The key takeaway from these findings is
that fungal infections, particularly those caused by Candida species, are more prevalent than bacterial
infections among the study population. The higher rate of significant growth on Sabouraud dextrose
agar reflects the substantial fungal burden, which may contribute significantly to reproductive tract
infections in this group of young women. The significance of this result is that it challenges the
conventional focus on bacterial pathogens in PID, highlighting the need for comprehensive
diagnostic approaches that also consider fungal infections. The real-world implications of these
findings suggest that health interventions in hostel environments should not only address bacterial
infections but also include strategies for managing and preventing fungal infections, which are often
under-recognized in clinical settings. Additionally, these results emphasize the need for targeted
education and treatment programs for female students to address the full spectrum of microbial
threats to their reproductive health.

Table 2. Percentage Distribution of Growth Rate.

Culture Medium Significant Growth (S.G) n (%) No Growth (N.G) n (%) Total
MacConkey Agar 17 (34.0%) 33 (66.0%) 50
Sabouraud Dextrose Agar 37 (74.0%) 13 (26.0%) 50

8

Number of Samples
%]
o
i

MacConkey Agar Sabouraud Dextrose Agar
Figure 2. Growth Outcome on Different Culture Media.

The microbial distribution reveals that 70% of the isolates were Candida species, while 30% were
Escherichia coli. This indicates that fungal infections, particularly those caused by Candida species,
are more prevalent in the study population compared to bacterial infections caused by E. coli. The
presence of E. coli suggests potential contamination from enteric sources, which could be linked to
hygiene-related issues or improper sanitation. The predominance of Candida species underscores the
significance of fungal infections in reproductive tract infections among young women in the
university hostel setting. The key takeaway from Table 3 and Figure 3 is the overwhelming presence
of Candida species compared to E. coli, suggesting that fungal infections play a more substantial role
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in reproductive tract infections in the study population. This finding is significant as it highlights the
need for healthcare interventions to address fungal infections, which are often under-recognized and
inadequately treated. The real-world implications of these results suggest that sexual health
education and prevention programs should include awareness about fungal infections, particularly
Candida, and emphasize hygiene practices to reduce the risk of contamination by enteric bacteria like
E. coli. These findings can inform targeted clinical management strategies and public health
interventions aimed at reducing reproductive health issues in university settings.

Table 3. Percentage Distribution of Escherichia coli and Candida Species Isolated.

Microorganism Isolated Frequency (n) Percentage (%)
Escherichia coli 15 30.0
Candida species 35 70.0

Total 50 100.0

Percentage (%)

100
90
80
70
60
50
40
30
20
10

E. coli Candida spp.

Figure 3. Percentage Distribution of Escherichia coli and Candida Species Isolated.

The antimicrobial susceptibility testing results show varying levels of resistance, intermediate
response, and susceptibility across different drugs. Ciprofloxacin (CPX) and Levofloxacin (LEV)
demonstrated the highest susceptibility, with 54% and 56% of isolates being susceptible, respectively.
However, a significant portion of isolates showed resistance, with CPX and LEV having resistance
rates of 34% and 36%, respectively. The other antibiotics, such as Gentamicin (CN), Ampicillin (APX),
and Amoxicillin (AMX) showed relatively higher resistance rates, with CN and APX demonstrating
36% and 41% resistance, respectively. Resistance to commonly used antibiotics like Amoxicillin and
Augmentin (AU) indicates a growing concern for antimicrobial resistance in the study population.
The pattern of susceptibility and resistance is critical for guiding effective treatment options for
infections associated with pelvic inflammatory disease. The key takeaway from Table 4 and Figure 4
is the high level of resistance seen in several commonly used antibiotics, including Ampicillin,
Amoxicillin, and Ofloxacin, which poses significant challenges for the management of pelvic
inflammatory disease. This trend underscores the importance of antimicrobial susceptibility testing
in clinical settings to tailor appropriate treatments for infections. The real-world implications suggest
that there is an urgent need for careful antibiotic stewardship, including the restricted use of certain
antibiotics and the promotion of alternative treatment strategies. The findings emphasize the need
for healthcare professionals to be cautious in prescribing antibiotics and to consider the rising
resistance when developing treatment protocols. Furthermore, these results highlight the necessity
for ongoing surveillance of antimicrobial resistance patterns to ensure effective management of
reproductive tract infections in young women.
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Table 4. 4: Percentage Distribution of Antimicrobial Susceptibility.

DRUGS Susceptible Intermediate Resistance
CcPX 27 (54%) 6 (12%) 17 (34%)
LEV 28 (56%) 6 (12%) 18 (36%)
CN 24 (48%) 5 (10%) 18 (36%)
APX 23 (46%) 6 (12%) 21 (41%)
RD 22 (44%) 6 (12%) 22 (34%)
AMX 26 (52%) 4 (8%) 20 (40%)
AU 25 (50%) 5 (10%) 20 (40%)
PEF 23 (46%) 5 (10%) 22 (44%)
OFX 25 (50%) 3 (6%) 22 (44%)

OF 24 (48%) 9 (18%) 17 (34%)

Keywords: CPX — Ciprofloxacin; LEV — Levofloxacin; CN - Gentamicin; APX — Ampicillin; RD -
Rifampicin; AMX — Amoxicillin; AU — Augmentin; PEF — Pefloxacin; OFX — Ofloxacin; OF — Ofloxacin.

I Susceptible 0 Intermediate M Resistant

CPX 54% 12%
LEV 56% 12%
CN 48% 10%
APX 46% 10%
Drugs RD 44% 12%
AMX 52% 8%
AU 50% 10%
PEF 46% 10%
OFX 46% 10%
OFX 50% 10%
OF 48% 18% 34%
0% 20% 40% 60% 86% 10‘0% 106‘%
Percentage

Figure 4. Percentage Distribution of Antimicrobial Susceptibility Profile.

4. Discussion

The age distribution of participants in this study revealed that 52% of the participants were aged
between 18 and 21 years, while 48% were within the 22 to 25-year age range. This suggests a
predominant representation of young adults, with a slightly higher proportion in the older age group.
Akin to findings by Adebayo and Olatunji (2022) and Adefuye et al. (2021), this study highlights that
female university students in sub-Saharan Africa, particularly those within the reproductive age
range, are at an increased risk of reproductive tract infections (RTIs) and pelvic inflammatory disease
(PID). Afolayan et al. (2021) also noted that university students tend to be more sexually active, which
further increases their vulnerability to sexually transmitted infections (STIs) and related
complications. Given the communal living arrangements in university hostels, factors such as poor
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access to personal healthcare, shared sanitation facilities, and high-risk sexual behaviors might
exacerbate the susceptibility of students in the 22-25-year age group to PID (Akinyemi et al., 2020;
Okafor & Nwankwo, 2023). This aligns with the findings from Akinyemi et al. (2022), where they
reported a higher incidence of PID among sexually active women in communal living spaces, further
underlining the need for tailored health interventions for university populations. The microbial
distribution observed in this study indicates that Candida species were predominant, accounting for
70% of the isolates, while Escherichia coli was found in 30% of the samples. This finding mirrors the
results of Okorie ef al. (2021) and Akinyemi et al. (2020), who also observed Candida species to be
more prevalent than bacterial pathogens in the reproductive tract infections among young women in
Nigeria. The dominance of Candida species aligns with the higher prevalence of fungal infections,
particularly in women residing in environments with high communal exposure and potentially
suboptimal hygiene (Sharma et al., 2014; Raimi et al., 2018; Olalekan et al., 2018; Raimi et al., 2019a, b;
Olalekan et al., 2019; Gift and Olalekan, 2020; Raimi et al., 2020; Olalekan et al., 2020; Raimi and Raimi,
2020; Gift et al., 2020; Brunham et al., 2021; Raimi et al., 2021; Morufu et al., 2021; Raimi, 2024; Omotoso
et al., 2025). The presence of E. coli in some samples is consistent with previous studies by Nwankwo
et al. (2021), who identified enteric bacteria as significant contributors to RTIs, often associated with
poor sanitation and hygiene practices in university hostels (Cheesbrough, 2020; Gottlieb et al., 2020).
The findings in this study are thus in agreement with global observations, suggesting that while
bacterial infections are important, fungal pathogens such as Candida species play a predominant role
in reproductive tract infections among young women (Tuebi ef al., 2021; Torrone et al., 2021; Sharma
et al., 2025). The antimicrobial susceptibility testing results revealed varying levels of susceptibility
and resistance across different drugs. Ciprofloxacin and Levofloxacin showed the highest
susceptibility, with 54% and 56% of isolates being susceptible, respectively. However, resistance rates
for these drugs were also high, with 34% and 36% resistance rates, respectively. This is consistent
with Nwankwo et al. (2021), who reported similar resistance patterns in urogenital pathogens in
Nigeria, with significant resistance to commonly prescribed antibiotics. Moreover, the high resistance
to drugs like Amoxicillin and Augmentin observed in this study corroborates the findings of Okeke
et al. (2022), who highlighted the rising threat of antimicrobial resistance in sub-Saharan Africa,
particularly in the context of reproductive tract infections (Akinyemi ef al., 2020). The resistance rates
observed in this study are concerning, as they suggest a growing challenge in treating PID and related
infections with first-line antibiotics. Similar patterns of resistance have been documented in other
parts of Nigeria by Nwadioha et al. (2020) and Ibrahim et al. (2020), who noted increasing
antimicrobial resistance among reproductive tract pathogens, reflecting an urgent need for robust
antimicrobial stewardship and regular surveillance (Raimi and Ochayi, 2017; Okeke et al., 2022;
World Health Organization, 2022; Ndu et al., 2025; Christopher et al., 2025a, b; Teddy et al., 2025).
Additionally, the observed resistance to antibiotics such as Gentamicin, Ampicillin, and
Augmentin in this study is a critical finding, as these antibiotics are commonly used in treating
reproductive infections in clinical settings. This trend is consistent with studies conducted by
Akinyemi et al. (2020) and Adefuye et al. (2021), who identified high rates of resistance among
commonly used antibiotics, particularly in settings with poor sanitation and high rates of self-
medication. The resistance to these antibiotics could be a consequence of improper use, including
overprescription, inadequate dosing, or incomplete courses of treatment (Nwankwo et al., 2021). This
issue has been extensively documented in the literature, with researchers such as Adebayo and
Olatunji (2022) and Okafor & Nwankwo (2023) urging for improved health education and policy
interventions to curb the misuse of antibiotics, which could help slow the rising tide of resistance.
The significant resistance to Amoxicillin and Augmentin in this study further emphasizes the need
for the adoption of alternative treatment strategies and the development of new therapeutic options
for the management of PID (Gottlieb et al., 2020; Haggerty & Taylor, 2020). In comparison to similar
studies conducted in other regions, the findings of this study align with broader global trends in
antimicrobial resistance. For instance, the study by Nwankwo et al. (2021) in Nigeria and Okeke et al.
(2022) in Uganda highlighted similar patterns of resistance to first-line antibiotics, particularly in
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urogenital pathogens. The findings of this study are in line with the observations of Akinyemi et al.
(2022), who reported a significant increase in the resistance of urogenital pathogens to commonly
used antibiotics in Nigeria. This pattern has also been observed in other African countries, where
resistance to commonly prescribed antibiotics has become a major concern in the management of
RTIs and PID (Gottlieb et al., 2020; Nwankwo et al., 2021). These findings stress the need for
continuous monitoring of antimicrobial susceptibility and the importance of developing local
guidelines for the management of reproductive tract infections, particularly in resource-limited
settings where the overuse of antibiotics is a common practice (Clinical and Laboratory Standards
Institute, 2023; Akinyemi et al., 2020). Lastly, the prevalence of fungal infections, particularly Candida
species, in this study underscores the importance of considering both bacterial and fungal pathogens
in the management of PID. Previous studies by Akinyemi et al. (2022) and Nwankwo et al. (2021) have
similarly noted the high prevalence of Candida species in reproductive tract infections, particularly
in environments with communal living, poor sanitation, and high-risk sexual behaviors. This is
consistent with global findings by Haggerty and Taylor (2020) and Brunham et al. (2021), who
emphasized the growing role of fungal infections, especially Candida species, in the etiology of PID.
Given the high prevalence of Candida species in this study, there is a need to prioritize antifungal
therapies alongside antibiotics in the treatment protocols for PID in young women. This
recommendation is supported by the findings of Adebayo and Olatunji (2022) and Okafor &
Nwankwo (2023), who highlighted the critical role of antifungal treatments in addressing the rising
burden of Candida infections in reproductive health. The findings of this study, therefore, contribute
to the growing body of evidence on the importance of comprehensive microbial testing in diagnosing
and treating PID in young women, with particular attention to both bacterial and fungal pathogens.

5. Study Limitation

This study has several limitations that should be considered when interpreting the results. First,
the cross-sectional design, while providing valuable snapshot data, does not allow for causal
inferences or the assessment of temporal relationships between risk factors and the development of
pelvic inflammatory disease (PID). Additionally, the study focused on a specific population: female
students residing in hostels at Niger Delta University, limiting the generalizability of the findings to
other regions or broader demographics. The use of convenience sampling may have introduced
selection bias, as only participants who consented were included, potentially excluding those with
less willingness or access to participate. Another limitation is the reliance on laboratory-based
microbiological testing, which, while comprehensive, may not capture all potential pathogens,
particularly those that are difficult to culture or require more advanced molecular techniques.
Moreover, the study did not assess other important variables such as sexual behavior patterns,
contraceptive use, or socio-economic factors that may influence the risk of PID and microbial
infections. Lastly, the study did not track antibiotic use or resistance over time, which could have
provided further insights into the evolving patterns of antimicrobial resistance and their impact on
treatment efficacy. These limitations suggest that while the findings provide valuable insights, they
should be interpreted with caution, and future studies should aim for more robust designs and
broader population coverage.

6. Implications for Policy and Interventions

The findings from this study have important implications for public health policy and
interventions aimed at reducing the burden of pelvic inflammatory disease (PID) and reproductive
tract infections among young women, particularly those in university settings. Given the high
prevalence of Candida species and the resistance patterns observed for common antibiotics, there is
a pressing need for enhanced awareness campaigns targeting sexual and reproductive health,
emphasizing safe sexual practices, hygiene, and the importance of regular health screenings. Policies
should encourage improved access to healthcare services, particularly in university environments,
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where communal living may increase the risk of infections. Additionally, strengthening antimicrobial
stewardship programs is crucial to address the emerging issue of antibiotic resistance, ensuring that
appropriate treatments are available and effective. The findings also highlight the necessity for more
comprehensive education on the risks of unprotected sex, the role of hygiene in preventing infections,
and the dangers of self-medication with antibiotics. Policymakers should advocate for the inclusion
of reproductive health education within university curricula and the establishment of robust
healthcare facilities on campuses to provide timely diagnosis and treatment. Lastly, given the
potential link between poor sanitation and increased infection rates, there is a need for improved
infrastructural development within university hostels to ensure better access to clean water and
sanitation facilities.

7. Summary of the Findings

The study revealed a significant prevalence of reproductive tract infections among female
students residing in hostels at Niger Delta University, with Candida species being the most
commonly isolated pathogen, followed by Escherichia coli. The age distribution of participants
showed that a majority (52%) were in the 18-21 years age group, with 48% in the 22-25 years age
group, indicating that young adult women are particularly susceptible to these infections. The
microbiological analysis indicated a higher fungal burden, with 74% of samples showing significant
growth on Sabouraud dextrose agar, while 34% of samples demonstrated growth on MacConkey
agar, suggesting the presence of Gram-negative enteric bacteria. Antimicrobial susceptibility testing
revealed significant resistance to commonly used antibiotics such as Ciprofloxacin, Levofloxacin,
Gentamicin, and Amoxicillin, with resistance rates ranging from 34% to 41%. These findings highlight
the predominance of fungal pathogens, the challenges of antibiotic resistance, and the need for
targeted interventions to improve sexual health education, hygiene practices, and antimicrobial
stewardship within university settings.

8. Conclusion

In conclusion, the study underscores the high prevalence of reproductive tract infections among
female students at Niger Delta University, with a clear dominance of fungal pathogens, particularly
Candida species, over bacterial infections like Escherichia coli. The findings suggest that the age group
of 22-25 years is particularly vulnerable, possibly due to factors such as increased sexual activity and
the communal living environment in hostels. The study also highlights the concerning levels of
antimicrobial resistance, particularly to commonly used antibiotics, which may complicate the
treatment of pelvic inflammatory disease and other reproductive tract infections. These results
emphasize the urgent need for improved health education, better hygiene practices, and stricter
antimicrobial stewardship to curb the rising incidence of these infections. Addressing these issues at
both institutional and policy levels will be crucial in mitigating the long-term health risks, including
infertility, associated with untreated reproductive tract infections in this population.

9. Recommendations

Based on the findings of this study, the following recommendations are made:

Short-Term:

1. Immediate Health Education Campaigns: Conduct targeted awareness programs within
university hostels to educate female students about the importance of proper hygiene practices, safe
sexual behaviors, and the risks associated with reproductive tract infections (RTIs) like pelvic
inflammatory disease (PID). These campaigns should be reinforced through posters, seminars, and
peer group discussions.

2. Regular Screening and Early Detection: Implement routine screening for RTIs,
particularly for bacterial and fungal infections, as part of the university's health services. This could
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help in early detection and prompt treatment, reducing the likelihood of severe complications such
as PID.

3. Antibiotic Stewardship: Introduce antibiotic stewardship programs in university health
centers to monitor and regulate the use of antibiotics. Educating students on proper antibiotic use,
emphasizing adherence to prescribed treatments, and discouraging self-medication will help reduce
resistance patterns.

Mid-Term:

1. Improved Access to Healthcare Services: Strengthen healthcare services within the
university, ensuring access to affordable treatment for reproductive health issues. This includes
making laboratory services more accessible, with faster turnaround times for test results, to improve
the management of RTIs.

2. Strengthening Hostel Hygiene: Implement regular hygiene inspections and the
provision of adequate sanitation facilities in hostels to minimize the risk of infection transmission.
This should include access to clean water, sanitary disposal of waste, and proper menstrual hygiene
facilities.

3. Development of an RTI Management Protocol: Establish a comprehensive management
protocol for RTIs, focusing on early intervention and treatment guidelines tailored to the specific
needs of the student population. This would include treatment regimens, follow-up care, and
counseling services.

Long-Term:

1. Integration of Sexual and Reproductive Health Education into the Curriculum:
Advocate for the integration of sexual and reproductive health education into the university
curriculum. This would ensure that students are well-informed about sexual health, hygiene, and the
prevention of infections, which will have long-lasting benefits for future generations of students.

2. Research and Surveillance Programs: Develop long-term research and surveillance
programs to track the prevalence of RTIs and antimicrobial resistance patterns. This data can guide
future interventions, policies, and resource allocation to better address reproductive health
challenges.

3. National Policy Advocacy on RTI Management and Antimicrobial Resistance:
Collaborate with national health bodies to advocate for the inclusion of RTI management and
antimicrobial resistance prevention as a key focus area in national health policies. This can lead to the
development of standardized national guidelines for the prevention, diagnosis, and treatment of RTIs
among young women in higher education institutions across the country.

1. Health Significance

The health significance of this study lies in its comprehensive assessment of the prevalence and
microbial patterns associated with reproductive tract infections (RTIs), particularly pelvic
inflammatory disease (PID), among female university students in Niger Delta University. The
findings highlight a concerning prevalence of fungal infections, especially Candida species, alongside
bacterial pathogens like Escherichia coli, which can lead to severe reproductive health complications,
including infertility, if left untreated. The high rates of antimicrobial resistance observed in
commonly prescribed antibiotics underscore the urgency for improved infection control measures
and more effective treatment protocols. Furthermore, the study’s identification of key risk factors,
including poor hygiene practices and limited access to healthcare in university hostels, emphasizes
the need for targeted health interventions. By addressing these issues, the study contributes to the
broader effort of improving sexual and reproductive health, reducing the burden of RTIs, and
preventing long-term health complications among young women in Nigeria. Thus, graphically it is
represented (Figure 5 below) as:
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Figure 5. Health Significance of Reproductive Tract Infections (RTIs) Among Female University Students at
Niger Delta University.
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