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Abstract

Neisseria gonorrhoeae (IN. gonorrhoeae), the bacterium causing gonorrhea, is a global
public health concern, particularly in Nigeria, due to its increasing antibiotic
resistance. Its often asymptomatic nature leads to under diagnosis, continued
transmission, and severe complications like infertility and pelvic inflammatory
disease. The objectives of this study are to investigate the prevalence,
molecular identification and antibiogram profile N. gonorrhoeae among
individuals in Yenagoa, Bayelsa State. A cross- sectional study was conducted
with 288 participants from Federal Medical Centre and Silhouette Diagnostics
Consultants, both in Yenagoa. Urethral swab from males and endocervical
swab from females were collected for identification of the organism. Antibiotic
susceptibility was tested using the Kirby-Bauer method. The results showed a
2.78% prevalence, with higher prevalence in males (4.76%) than in females
(1.64%). Antibiogram results demonstrated high resistance to penicillin
(100%), tetracycline (75%), and erythromycin (62.5%), while susceptibility was
highest to ceftriaxone (100%), cefixime (87.5%), and azithromycin (62.5%).
Molecular analysis identified the PorA gene in all eight isolates. Key risk factors
included previous sexually transmitted infections, multiple sexual partners, and
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transactional sex. The conclusion emphasizes the need for new antibiotics and
vaccines, improved diagnostics, safer sexual practices, and routine molecular
surveillance to combat resistant strains. It recommends updating treatment
protocols based on current antibiogram data and enhancing public health
campaigns to raise awareness and prevent gonococcal infections.

Keywords: Antibiogram, Molecular Identification, Neisseria gonorrhoeae,
Prevalence, Yenagoa

INTRODUCTION

Neisseria gonorrboeae (IN. gonorrhoeae) is responsible for causing gonorrhea, which ranks as the
world's second most prevalent sexually transmitted infection (STI) worldwide (Guerrero-
Torres et al., 2019; Springer & Salen, 2023). It frequently infects the human urogenital tract,
resulting in conditions like urethritis, epididymitis, and prostatitis in men, as well as
cervicitis, pelvic inflaimmatory disease (PID), and salpingitis in women (Shim, 2011;
Springer & Salen, 2023). The bacterium is also capable of colonizing extragenital locations,
such as the rectum, pharynx, and conjunctiva (Belga et al., 2019; Dolange et al., 2018;
Mahapure & Singh, 2023). In severe instances, IN. gonorrhoeae may spread to other organs,
leading to complications such as arthritis, deep vein thrombosis, and eye damage (Dolange

et al., 2018), particularly in women of childbearing age.

The lack of lasting protective immunity against IN. gonorrboeae underscores the importance
of sustained prevention efforts. (Belcher et al., 2023; Wang et al., 2024). However, the rapid
development of antimicrobial resistance (AMR) complicates treatment, with resistant
strains increasingly limiting therapeutic options. Effective management of gonococcal
infections depends on timely diagnosis and the use of appropriate antibiotics guided by

local resistance patterns.

Ceftriaxone, a member of the cephalosporin class, is the preferred first-line treatment for
gonorrhea. Nevertheless, reports of strains resistant to ceftriaxone have been on the rise
(Belcher et al., 2023), which spread rapidly due to delayed diagnosis, ineffective treatment,
and inadequate surveillance systems. Misuse of antibiotics, such as unnecessary

prescriptions or incomplete courses of treatment, further exacerbates resistance.

The rise of resistant strains emphasizes the necessity for both global and local initiatives

aimed at controlling the spread of N. gomorrhoeae and mitigating antimicrobial resistance
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(AMR) (Golparian et al., 2018; Unemo et al., 2012). Public health initiatives, including
education, monitoring, and antimicrobial stewardship, are essential to address these

challenges.

In Nigeria, particularly in Bayelsa State's Yenagoa metropolis, the prevalence and resistance
profile of N. gonorrhoeae remain poorly documented. This knowledge gap hinders effective
control and management strategies for combating gonorrhoea within the region. This study
aims to fill this gap by determining the prevalence of N. gonorrhoeae and its antibiotic
resistance profile in Yenagoa, providing critical data to inform treatment protocols and

public health interventions.

The findings of this study will have profound implications for public health policies,
treatment guidelines, and future research. They will inform targeted interventions and
prevention strategies to reduce gonorrhoea prevalence and transmission, enabling
educational campaigns to promote safe sexual practices and early detection. Insights into
the antibiotic resistance patterns of IN. gonorrhoeae within the study population will support
clinicians in prescribing effective treatments and help shape antibiotic stewardship policies,
updating treatment protocols to improve patient outcomes. Additionally, this research will
bolster surveillance programs to monitor the spread and antibiotic resistance of N.
gonorrhoeae, and provide region-specific data from Bayelsa, enriching global scientific

knowledge.

MATERIALS AND METHODS
Study Design and Population

This cross-sectional study was conducted in Yenagoa metropolis, Bayelsa State, Nigeria.
288 individuals presenting with symptoms of sexually transmittable infections were
recruited from Federal Medical Centre and Silhouette Diagnostic Consultants, both in

Yenagoa. Informed consent was obtained from all participants before sample collection.
Sample Size
Sample size was calculated using Fisher’s equation of

_ Z?%p(1-p)
n — e—
dZ

Whete:
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n = the required sample size,
7. = the Z-score corresponding to the desired confidence level (we desired 95%) = 1.96

p = the estimated proportion of the population — obtained from previous studies (25%),
(Okonko et al., 2011)

d = level of precision (5%)
n = 288
Inclusion and Exclusion Criteria

The study included individuals from age 16 to 35, permanent residents of Bayelsa State or
individuals who have lived in Bayelsa State for at least the past six months, individuals who
provided informed consent to participate in the study, individuals who presented with
symptoms suggestive of gonorrhea or those who have been diagnosed with gonorrhea by a
healthcare provider, as well as individuals seeking treatment at Federal Medical Centre,
Yenagoa for STIs. Most importantly, Participants who agreed to provide clinical samples

for laboratory analysis were included.

Exclusion criteria included individuals under 16 years of age, individuals who are not
residents of Bayelsa State and have not lived in the state for the past six months,
individuals who did not provide informed consent or who withdrew their consent at any
point during the study, individuals who had received antibiotic treatment for gonorrhea or
other bacterial infections in the past month, as this could affect the accuracy of expected
outcomes, individuals with severe co-morbid conditions that could interfere with
patticipation in the study, such as advanced HIV/AIDS, active tuberculosis, or other

serious systemic infections
Sample Collection and Identification of Neisseria gonorrhoeae

Samples were collected from urethral swabs in males and endocervical swabs in females.
The swab was immediately used to inoculate the culture medium. Where it was not possible
to inoculate immediately, the samples were transported to the laboratory using Amies
transport media. Isolation of N. gonorrhoeae was performed using Modified Thayer-Martin
agar and identified based on colony morphology, Gram staining, and biochemical tests,

including oxidase, catalase activity, nitrate reduction test and glucose fermentation.

Volume 1, Issue 1, October 2024 69
- — " |



Akpomedaye Salvage, Edobor Peter Kenneth Imarenezor, Vivian Ifeoma Anyiam, and Ejiro Patrick Edafe

Molecular Identification of the Porin A (PorA) Gene

Deoxyribonucleic Acid (DNA) Extraction: Genomic DNA was extracted from purified
N. gonorrboeae cultures using the Thermo Fisher PureLink Genomic DNA Kit. Bacterial
cells were lysed to release DNA, which was then purified using column-based methods and

ethanol washes to remove contaminants, yielding pure DNA.

Polymerase chain reaction (PCR) Amplification: The PorA gene (821 base pairs) of IN.
gonorrhoeae was amplified using PCR with specific primers (PorAd  forward 5'-
ATGAAAACTTATGAAAAAGA -3 PorA reverse 5'- TCATTTAGCATTTTTGCTT -
3"). Each 25 microlitre (uL) PCR reaction contained 12.5 pL. of Taq polymerase mix
[including deoxynucleoside triphosphates (ANTPs) and buffer], 1 pl. of DNA template
with forward and reverse primers, and PCR-grade water. The thermal cycling conditions
were: initial denaturation at 95°C for 5 minutes, followed by 30-35 cycles of 30-second
denaturation at 95°C, 30-second annealing at 55-60°C, and 1-minute extension at 72°C per

kilo base of the amplicon, with a final extension of 7 minutes at 72°C.

Visualization: PCR products were analyzed by agarose gel electrophoresis. A 2% agarose
gel in 1X Tris-Acetate-Ethylenediaminetetraacetic acid (TAE) or Tris-Borate-
Ethylenediaminetetraacetic (IBE) buffer was loaded with the PCR products and a 100 base
pair DNA ladder. The gel was electrophoresed for 30—60 minutes at 100-120 V, stained
with ethidium bromide, and visualized under ultra-violet light to confirm the presence of

the 821 base pair PorA gene amplicon.
Antibiotic Susceptibility Testing

The antibiotic susceptibility of IN. gonorrhoeae isolates was evaluated using the disk diffusion
method on MTM agar plates, chosen for its simplicity, cost-effectiveness, and reliability.
Pure cultures of N. gonorrhoeae were suspended in sterile saline to match a 0.5 McFarland
standard for consistent bacterial concentration. The bacterial suspension was spread on
MTM agar plates using sterile swabs. Antibiotic disks (ciprofloxacin, ceftriaxone, cefixime,
azithromycin, penicillin, tetracycline, erythromycin, gentamicin) were placed on the plates,
spaced 24 mm apart to prevent overlapping inhibition zones. The plates were incubated at
37°C in 10% CO: for 48 hours. After incubation, the inhibition zones around the disks
were measured and compared to Clinical and Laboratory Standards Institute (CLSI)

guidelines to classify isolates as sensitive, intermediate, or resistant.
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Data Analysis

Prevalence was calculated as the percentage of positive cases among the total samples
tested. Resistance profiles were analyzed and compared across different antibiotics, and the
multi-drug resistance (MDR) rate was determined. Data were analyzed using Minitab

version 18 and statistical significance was set at p < 0.05.

RESULTS
Data Presentation

Table 1: Morphological and biochemical characteristics of N. gonorrhoeae

Culture  Morphological Gram Biochemical Tests —

media characteristics stain g"“
CAT OX NR G ®

Modified  Typically appears amsmall, Negative — + + - + N.

Thayer-  translucent, greyish-white  diplococci gonorrhoeae

Martin colonies with a smooth,

(MTM) convex morphology

agar showcasing its fastidious

growth requirements and
selective properties for
isolation in clinical
microbiology.

Figure 1: Agarose gel electrophoresis showing PCR amplification products of 821 bp
PorA gene in N. gonorrhoea isolates.
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Lane M, 100 bp marker; Lane 1 -5, test sample from male; Lane 6-8, test sample from

female Lane N, Negative control;

Table 2: Prevalence of N. gonorrhoeae in Yenagoa, Bayelsa state

Age Group Sex Samples Positive Prevalence
(In years) Collected Cases (%)
16-20 Male 27 2 7.41
Female 49 0 0.00
21-25 Male 32 1 3.13
Female 41 2 4.88
26-30 Male 21 1 4.76
Female 51 1 1.96
31-35 Male 25 1 4.00
Female 42 0 0.00
Overall Male 105 5 4.76
Female 183 3 1.64
Total 288 8 2.78

TABLE 3: Socio-Demographic characteristics of participants attending Federal Medical

Centre  and Silhouette Diagnostic Consultants in Yenagoa.

Variable Frequency, n Prevalence, n (%) Chi P-value Remark
(%) Square
Sex 0.752 0.386 NS
Male 105 (36.46%) 5 (4.76%)
Female 183 (63.54%) 3 (1.64%)-
Age groups in 0.921 0.820 NS
years 76 (26.39%) 2 (2.63%)
16 -20 73 (25.35%) 3 (4.11%)
21-25 72 (25.0%) 2 (2.73%)
26 — 30 67 (23.26%) 1 (1.49%)
31-35
Residence 0.427 0.513 NS
Rural 95 (32.99%) 2 (2.11%)
Urban 193 (67.01%) 6 (3.11)
Educational 1.510 0.680 NS
Status 23 (7.99%) 1 (4.35%)
No formal 16 (5.56%) 0 (0.0%)
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education 99 (34.38%) 3 (3.03%)

Primary 150 (52.08%) 4 (2.67%)

Secondary

Tertiary

Occupation 1.545 0.461 NS

Student 91 (31.60%) 4 (4.40%)

Working 159 (55.21%) 3 (1.89%)

Not working 38 (13.19) 1 (2.63%)

Marital status 3.702 0.295 NS

Single 120 (41.67%) 2 (1.67%)

Married 112 (38.89%) 4 (3.57%)

Widowed 11 (3.82%) 0 (0.0%)

Divorced 45 (15.63%) 2 (4.44%)

HIV status

Positive 0 (0.0%) 0 (0.0%)

Negative 288 (100.0%) 8 (100.0%)

History of STI 8.220 0.004 S

Yes 71 (24.65%) 6 (8.45%)

No 217 75.35%) 2 (0.92%)

Condom use 3.789 0.052 NS

Yes 82 (28.47%) 0 (0.0%)

No 206 (71.53%) 8 (100.0%)

Number of 19.520  0.0002 S

sexual partners 168 (58.33%) 0 (0.0%)

None 99 (34.38%) 5 (5.05%)

1-2 21 (7.29) 3 (14.29%)

2>

Traded sex 7.704 0.006 S

Yes 7 (2.43%) 3 (42.86%)

No 281 (97.57%)) 5 1.78%)

Table 4: Antibiotic susceptibility pattern of N. gonorrhoeae
Antibiotics N. gonorrhoeae
Resistant Intermediate Sensitive

Ciprofloxacin 1 (12.5%) 3 (37.5%) 4 (50.0%)
Ceftriaxone 0 (0.0%) 0 (0.0%) 8 (100.0%)
Cefixime 1 (12.5%) 0 (0.0%) 7 (87.5%)
Azithromycin 2 (25.0%) 1 (12.5%) 5 (62.5%)
Penicillin 8 (100.0%) 0 (0.0%) 0 (0.0%)
Tetracycline 6 (75.0%) 2 (25.5%) 0 (0.0%)
Erythromycin 5 (62.5%) 2 (25.5%) 1 (12.5%)
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DISCUSSION

Table 1 summarizes the morphological and biochemical characteristics of N. gonorrhoeae
isolates. On MTM agar, they appeared as small, translucent, greyish-white colonies with
smooth, convex morphology. Gram staining confirmed Gram-negative diplococci, and
biochemical tests were positive for oxidase, catalase, and glucose fermentation, but
negative for nitrate reduction, confirming the isolates as N. gonorrboeae. Figure 1 shows
PCR amplification of the 821 base pair PorA gene from all 8 isolates, including samples
from both males and females, marking Por4 as a reliable biomarker. The timely
identification of this gene does not only affirm the identified isolates as IN. gonorrboeae, it
also supports efficient infection management, as echoed by previous studies (Hjelmevoll et

al., 2008).

As shown in Table 2, the prevalence of IN. gonorrboeae in this study is 2.78%, higher among
males (4.76%) than females (1.64%), aligning with other Nigerian studies (Nsofor &
Eletuoh, 2017) and similar findings in the USA (Pollock et al., 2023). This aligns with
global data indicating IN. gonorrboeae as the second most prevalent STI worldwide
(Guerrero-Torres et al., 2019; Springer & Salen, 2023). Age-wise, males aged 16-20
showed the highest prevalence (7.41%), with no isolates found in females within this
group. Males aged 31-35 had a prevalence of 4.00%, while males aged 2630 (4.76%) also
showed higher rates compared to females (1.96%). Risky sexual behaviors and substance
abuse among young males are major contributing factors (Bozzini et al., 2021), along with
poor health-seeking behaviors (Yellman et al., 2020). In contrast, females aged 21-25
exhibited higher prevalence (4.88%) than males (3.13%) in the same age bracket, likely due
to increased unsupervised sexual activity and substance abuse in this group, despite general
findings that females exhibit lower prevalence (Kreisel et al., 2021). Females generally
engage in better preventive healthcare, influenced by societal norms and hormonal factors
such as higher estrogen levels, which enhance immune response. These findings highlight
the need for gender-tailored public health policies to encourage better health-seeking
behavior, particularly among young males (Rodriguez-Planas et al., 2022). Further research

is necessary to address sociodemographic disparities in Bayelsa.

The lack of lasting immunity against N. gonorrhoeae (Belcher et al., 2023; Wang et al., 2024)
underscores the importance of regular surveillance and preventive measures. Chi-square

tests revealed three significant risk factors for N. gonorrboeae prevalence: history of STIs (p
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= 0.004), multiple sexual partners (p = 0.0002), and traded sex (p = 0.0006). Individuals
with a history of STIs are more likely to contract N. gonorrhoeae, consistent with findings
from studies in Port Harcourt and Ethiopia (Kahsay et al., 2023; Kennedy & Ibinabo,
2013). Previous STIs often reflect risky sexual behaviors, such as unprotected sex and
multiple partners. Having multiple sexual partners significantly increases the risk of
acquiring IN. gonorrhoeae, as supported by earlier research (Kahsay et al., 2023; Kennedy &
Ibinabo, 2013). The risk rises with more partners, especially when engaging in concurrent
relationships, facilitating the spread of infection. Engaging in traded sex also heightens the
risk due to exposure to multiple partners and limited condom negotiation, often driven by
socio-economic factors like poverty and lack of education. This finding emphasizes the

vulnerability of those involved in such practices.

Antibiotic susceptibility testing of N. gomorrhoeae in this study revealed high resistance to
ciprofloxacin, penicillin, and tetracycline, aligning with global trends where these
antibiotics are no longer recommended due to rapid AMR development (Golparian et al.,
2018; Unemo et al., 2012). Specifically, penicillin showed 100% resistance, and tetracycline
exhibited 75% resistance. However, most isolates remained susceptible to ceftriaxone
(100% susceptibility) and azithromycin (62.5% susceptibility), consistent with findings
from South Africa (Lewis, 2010; Takuva et al., 2014). Cefixime showed only one resistant
case, reflecting a growing but contained resistance (Unemo et al., 2016). Ceftriaxone is
widely recommended as the first-line treatment; however, resistance has been documented
globally (Belcher et al., 2023), posing a risk of rapidly spreading strains due to delayed
diagnosis and ineffective treatment protocols. This supports WHO’s advocacy for
combination therapy to prevent resistance escalation (Belcher et al., 2023; Golparian et al.,

2018; Unemo et al., 2012).

The prevalence of IN. gonorrboeae in Yenagoa is higher compared to other Nigerian regions,
indicating ongoing transmission. The data highlight the importance of ceftriaxone and
azithromycin as effective treatment options, although emerging resistance emphasizes the
need for continuous monitoring. Given the high resistance rates to older antibiotics and
the potential for resistance development to newer ones, public health strategies should
prioritize increasing access to diagnostic testing, promoting safe sexual practices, and
updating treatment guidelines in Bayelsa State to combat the spread of N. gonorrboeae

effectively (Gobezie et al., 2024).
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CONCLUSION

In conclusion, the findings of this study highlight the significant prevalence of N.
gonorrhoeae in the Yenagoa metropolis and the alarming rise of antibiotic resistance,
particularly to older drugs such as ciprofloxacin, penicillin, and tetracycline. While
ceftriaxone and azithromycin remain largely effective, emerging resistance underscores the
need for ongoing surveillance and adaptation of treatment protocols. The identification of
multi-drug-resistant strains further emphasizes the urgency of updating public health
strategies in Bayelsa State to focus on comprehensive diagnostic testing, effective
combination therapies, and education on safe sexual practices. These measures are critical
to controlling the spread of gonorrhoea and mitigating the threat of drug-resistant strains

in this region.
Acknowledgments

The authors would like to extend their sincere gratitude to the management and staff of
Federal Medical Centre and Silhouette Diagnostic Consultants in Yenagoa for their
invaluable assistance in data collection. Special thanks to the laboratory team for their
technical support in conducting the microbiological and molecular analyses. We are deeply

appreciative of the participants for their willingness to contribute to this study.

REFERENCES

Belcher, T., Rollier, C. S., Dold, C., Ross, J. D. C., & MacLennan, C. A. (2023). Immune
responses to Neisseria gonorrhoeae and implications for vaccine development.
Frontiers in Immunology, 14. https://doi.org/10.3389/FIMMU.2023.1248613

Belga, S., Gratrix, J., Smyczek, P., Bertholet, L., Read, R., Roelofs, K., & Singh, A. E.
(2019). Gonococcal conjunctivitis in adults: Case report and retrospective review of
cases in Alberta, Canada, 2000-2016. Sexwally Transmitted Diseases, 46(1), 47-51.
https://doi.org/10.1097/OLQ.0000000000000897

Bozzini, A. B., Bauer, A., Maruyama, J., Simoes, R., & Matijasevich, A. (2021). Factors
associated with risk behaviors in adolescence: a systematic review. Revista Brasileira de
Psiquiatria (Sao Paulo, Brazil: 1999), 43(2), 210-221. https://doi.org/10.1590/1516-
4446-2019-0835

Dolange, V., Churchward, C. P., Christodoulides, M., & Snyder, L. A. S. (2018). The
Growing Threat of Gonococcal Blindness. Antibiotics (Basel, Switzerland), 7(3).
https://doi.org/10.3390/ ANTIBIOTICS7030059

Gobezie, M. Y., Tesfaye, N. A., Solomon, T., Demessie, M. B., Kassa, T. D., Wendie, T. F.,
Alemayehu, E., & Hassen, M. (2024). Neisseria gonorrhea in Ethiopia, prevalence
among STI suspected patients and its antimicrobial susceptibility: a systematic review

76 African Journal of Medicine, Surgery and Public Health Research




Akpomedaye Salvage, Edobor Peter Kenneth Imarenezor, Vivian Ifeoma Anyiam, and Ejiro Patrick Edafe

and meta-analysis. Frontiers n Microbiology, 15.
https://doi.org/10.3389 /FMICB.2024.1390001

Golparian, D., Rose, L., Lynam, A., Mohamed, A., Bercot, B., Ohnishi, M., Crowley, B., &
Unemo, M. (2018). Multidrug-resistant Neisseria gonorrhoeae isolate, belonging to the
internationally spreading Japanese FC428 clone, with ceftriaxone resistance and
intermediate resistance to azithromycin, Ireland, August 2018. Euro Swurveillance :
Bulletin Enropeen Sur 1es Maladies Transmissibles = European Communicable Disease Bulletin,
23(47). https://doi.org/10.2807/1560-7917.ES.2018.23.47.1800617

Guerrero-Torres, M. D., Menéndez, M. B., Guerras, C. S., Tello, E., Ballesteros, J., Clavo,
P., Puerta, T., Vera, M., Ayerdi, O., Catrio, J. C., Mozo, 1., Del Romero, J., Vazquez, J.
A., & Abad, R. (2019). Epidemiology, molecular characterisation and antimicrobial
susceptibility of Neisseria gonorrhoeae isolates in Madrid, Spain, in 2016. Epzdeniology
and Infection, 147, e274. https://doi.org/10.1017/5095026881900150X

Hjelmevoll, S. O., Olsen, M. E., Sollid, J. U. E., Haaheim, H., Melby, K. K., Moi, H.,
Unemo, M., & Skogen, V. (2008). Clinical validation of a real-time polymerase chain
reaction detection of Neisseria gonorrheae porA pseudogene versus culture
techniques. Sexcually Transmitted Diseases, 35(5), 517-520.
https://doi.org/10.1097/OLQ.0B013E3181644BC9

Kahsay, A. G., Mezgebo, T. A., Gebrekidan, G. B., Desta, B. L., Mihretu, H. G., & Dejene,
T. A. (2023). Prevalence, Antibiotic Resistance and Associated Factors of Neisseria
gonorrhoeae Among Patients Attending Non-Profitable Private Clinics in Mekelle,
Tigrai, Ethiopia. Infection and Drug Resistance, 16, 4065-4072.
https://doi.org/10.2147 /IDR.S416344

Kennedy, W. T., & Ibinabo, O. L. (n.d.). Prevalence of Neisseria Gonorrhoea among
Under Graduate Female Students of University Of Port Harcpurt Using Strand
Displacement and Amplification (Sda) Technique. IOSR Journal of Dental and Medical

Sciences (IOSR-JDMS) e ISSN, 7(4), 76-79. Retrieved January 4, 2024, from
www.losrjournals.orgwww.iostjournals.org76%7C

Kreisel, K. M., Spicknall, I. H., Gargano, J. W., Lewis, F. M. T., Lewis, R. M., Markowitz,
L. E., Roberts, H., Johnson, A. S., Song, R., St. Cyr, S. B., Weston, E. J., Torrone, E.
A., & Weinstock, H. S. (2021). Sexually Transmitted Infections Among US Women

and Men: Prevalence and Incidence Estimates, 2018. Sexually Transmitted Diseases,
48(4), 208-214. https://doi.org/10.1097/OLQ.0000000000001355

Lewis, D. A. (2010). The Gonococcus fights back: is this time a knock out? Sexually
Transmitted Infections, 86(6), 415-421. https://doi.org/10.1136/ST1.2010.042648

Mahapure, K., & Singh, A. (2023). A Review of Recent Advances in Our Understanding of
Neissetia gonotrrhoeae. Curens, 15(8), e43464. https://doi.org/10.7759/ cureus.43464

Nsofor, C. A., & Eletuoh, J. (2017). Low prevalence of neisseria gonorrhoeae in owerti,
Nigeria. MOJ Cell  Science & Report, Volume 4(Issue 2).
https://doi.org/10.15406/MOJCSR.2017.04.00083

Okonko, I. O., Allj, J. A. O., Okonko, I. O., Odu, N. N., & Kolade, A. F. (2011). Detection
and Prevalence of Genital Pathogens among Attendees of Sti Clinic of a Tertiary Care
Hospital in Ibadan, Southwestern Nigeria. World Journal of Medical Sciences, 6(3), 152—
161.

Pollock, E. D., Clay, P. A., Kreisel, K. M., & Spicknall, I. H. (2023). Estimated Incidence

Volume 1, Issue 1, October 2024 77
- — " |



Akpomedaye Salvage, Edobor Peter Kenneth Imarenezor, Vivian Ifeoma Anyiam, and Ejiro Patrick Edafe

and Prevalence of Gonorrhea in the United States, 2006-2019. Sexually Transmitted
Diseases, 50(4), 188-195. https://doi.org/10.1097 /OLQ.0000000000001763

Rodriguez-Planas, N., Sanz-de-Galdeano, A., & Terskaya, A. (2022). Gender norms in high
school: Impacts on risky behaviors from adolescence to adulthood. Journal of Economic
Behavior & Organization, 196, 429-456. https://doi.org/10.1016/].JEBO.2022.01.015

Shim, B. S. (2011). Current concepts in bacterial sexually transmitted diseases. Korean Journal
of Urology, 52(9), 589-597. https://doi.org/10.4111/KJU.2011.52.9.589

Springer, C., & Salen, P. (2023). Gonorrhea. Medizinische Monatsschrift Fur Pharmazenten,
44(9), 342-345. https://doi.otg/10.5005/jp/books/11938_30

Takuva, S., Mugurungi, O., Mutsvangwa, J., Machiha, A., Mupambo, A. C., Maseko, V.,
Cham, F., Mungofa, S., Mason, P., & Lewis, D. A. (2014). Etiology and antimicrobial
susceptibility of pathogens responsible for urethral discharge among men in Harare,
Zimbabwe. Sexcually Transmitted Diseases, 41(12), 713-717.
https://doi.org/10.1097/OLQ.0000000000000204

Unemo, M., del Rio, C., & Shafer, W. M. (2016). Antimicrobial Resistance Expressed by
Neisseria gonorrhoeae: A Major Global Public Health Problem in the 21st Century.
Microbiology Spectrum, 4(3). https://doi.org/10.1128/ MICROBIOLSPEC.EI10-0009-
2015

Unemo, M., Golparian, D., Nicholas, R., Ohnishi, M., Gallay, A., & Sednaouie, P. (2012).
High-level cefixime- and ceftriaxone-resistant Neisseria gonorrhoeae in France: novel
penA mosaic allele in a successful international clone causes treatment failure.
Antimicrobial Agents and Chemotherapy, 56(3), 1273-1280.
https://doi.org/10.1128 /AAC.05760-11

Wang, A., Research Online, G., Wang, B. A, Seib C, K. L., & Marshall, H. A. (2024). The
future role of vaccination in prevention of Neisseria gonorrboeae Published 2024 Journal Title

Microbiology Australia Rights statement The future role of vaccination in prevention of Neisseria
gonorrhoeae. https:/ /doi.org/10.1071/MA24034

Yellman, M. A., Bryan, L., Sauber-Schatz, E. K., & Brener, N. (2020). Transportation Risk
Behaviors Among High School Students — Youth Risk Behavior Survey, United
States, 2019. MMWR Supplements, 69(1), 77-83.
https://doi.org/10.15585/MMWR.SU6901A9

78 African Journal of Medicine, Surgery and Public Health Research
|



