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Abstract 
 

Background: Neisseria gonorrhoeae, causative agent of gonorrhea, has emerged in recent years by acquiring 
resistance to antimicrobials recommended for treatment. The aim of this study was to determine antibiotic resistance 
profile of N. gonorrhoeae strains isolated in Dakar. Methods: This retrospective study involved strains of N. 
gonorrhoeae isolated from pathological samples of patients received at medical biology laboratory of Pasteur 
Institute in Dakar. Samples were inoculated on Chocolat PVX and Chocolate+VCN agar plates incubated at 37°C 

under 5% CO2 for 24-48 hours. Species identification was performed using Api-NH

 identification gallery. Minimum 

inhibitory concentration was determined by E-test method with 0.5 McFarland bacterial suspension prepared from 
few colonies of pure culture with NaCl 0.85% Medium according to EUCAST 2022 criteria. Results: 41 strains of N. 
gonorrhoeae were isolated from patients (40 men and one woman). Median age was 38 years and age group most 
represented was [20-29 years] with 36.6%. Isolates were sensitive to ceftriaxone, cefixime and gentamycin (100%) and 
to azyhtromycin (95.1%).  However, they were resistant to tetracycline (92.7%) and ciprofloxacin (95.1%). Conclusion: 
This study revealed third-generation cephalosporins (ceftriaxone and cefixime), gentamicin and azyhtromycin are still 
effective, and are drugs of choice in current recommendations for treatment of gonorrhea. 
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INTRODUCTION 
 
Gonorrhea is a sexually transmitted infection (STI) 
caused by N. gonorrhoeae, which remains a major public 
health problem worldwide due to its ability to acquire 
resistance to antimicrobial agents recommended for 
treatment (Unemo et al., 2019; WHO, 2021). Untreated or 
inadequately treated genital infection with N. 
gonorrhoeae can lead to severe complications such as 
epididymitis in men, pelvic inflammatory syndrome in 
women, which can result in infertility and intrauterine  
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pregnancies. In newborns, this pathogen can cause 
gonococcal conjunctivitis, which can lead to blindness 
(WHO, 2012; WHO, 2016). In 2016, World Health 
Organisation (WHO) estimated that 87 million new 
infections occurred in people aged between 15 and 49, 
with highest incidence in sub-Saharan Africa (WHO, 
2018; Rowley et al., 2019). Every year, there are an 
estimated 50 and 100 new infections per 1,000 women 
and men respectively in African region (Lowe et al., 
2019). In absence of a vaccine against gonorrhea, 
effective, affordable and accessible antimicrobial agents 
are essential to reduce substantial morbidity and spread 
of superbug in the era of incurable gonorrhea (Alirol et al., 
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2017; Wi et al., 2017).N. gonorrhoeae is on WHO global 
priority list of antibiotic-resistant bacteria, having 
developed resistance to all antimicrobials recommended 
for treatment since introduction of sulfa drugs in the 
1930s (Tacconelli et al., 2017; Unemo and Shafer, 2014). 
In recent decades, N. gonorrhoeae has dramatically 
developed plasmid-and/or chromosome-mediated 
antimicrobial resistance (AMR), leading to abandonment 
of use of antimicrobial agents as standard first-line 
treatment (Unemo and Shafer, 2014). The recent 
emergence of gonococcal strains resistant to ceftriaxone 
and azithromycin in Australia and the UK has raised 
serious concerns about untreatability of gonorrhea 
(Jennison et al., 2019). As a result, dual therapy with 
cephalosporins and azithromycin or doxycycline is 
currently recommended (Unemo et al., 2019). 
However, little is known about antibiotic resistance profile 
and mechanisms of N. gonorrhoeae strains circulating in 
sub-Saharan Africa, the most affected region by 
gonorrhea (Unemo and Shafer, 2014 ; Rowley et al., 
2016 ; Cehovin et al., 2018). Insufficient data is due to 
the lack of access to laboratory diagnostic services and 
use of syndromic management for the treatment of STIs 
in this region (Ndowa et al., 2013). Syndromic 
management has a number of limitations, including 
absence of antibiotic susceptibility testing, inability to 
identify asymptomatic infections, limited possibilities for 
large-scale surveillance, and failure to record data on 
people with treatment failure (White et al., 2008; Garrett 
et al., 2017). Data on antimicrobial resistance patterns in 
N. gonorrhoeae are scarce in Senegal. The aim of this 
study was to characterize antimicrobial resistance profile 
by determining MICs of N. gonorrhoeae strains isolated 
from gonococcal patients in Dakar. 
 
 
METHODOLOGY 
 
Bacterial strains and study population 
 
This retrospective study involved 41 strains of N. 
gonorrhoeae isolated from genital specimens and first-
draft urine of patients with gonococcal disease received 
at medical biology laboratory of Institute Pasteur in Dakar 
(Senegal) for bacteriological analysis. 
 
Culture and antibiotic susceptibility testing 
 
Specimens (swabs or first-draft urine) were inoculated 
onto Chocolate PVX and Chocolat + VCN agar (Becton 
Dickinson, Sparks, MD, USA), incubated at 37°C in a 
humid atmosphere with 10% CO2 for 24-48 hours. 
Species identification was performed using the Api NH 
identification gallery (Biomérieux, Marcy-l'Étoile, France).  
A 0.5 McFarland bacterial suspension of each isolate was 
prepared using 0.85% Medium NaCl physiological water 

API (Biomérieux, Marcy-l'Étoile, France). Inoculum from 
each isolate was inoculated onto Chocolate agar 
incubated at 35°C in an atmosphere of 10% CO2 for 24 
hours. MICs of 6 antibiotics (ceftriaxone, cefixime, 
ciprofloxacin, gentamycin, azithromycin, tetracycline) 
were determined by E-test method (Biomérieux, Marcy-
l'Étoile, France) according to manufacturer's 
recommendations. Strains were categorized sensitive, 
intermediate or resistant based on EUCAST (European 
Committee on Antimicrobial Susceptibility Testing) 2022 
criteria. 
The control strain of N. gonorrhoeae ATCC 4926 was 
used as a reference. 
 
Statistical analysis 
 
Verified raw data were exported from Excel to Whonet 
5.6 version 2022 software for analysis of MICs data and 
determination of MIC50 and MIC90 of antibiotics tested.  
 
 
RESULTS 
 
Bacterial strains and study population 
 
A total of 41 strains of N. gonorrhoeae were analyzed 
during study. Strains were isolated from 40 men and 1 
woman, with a median age of 35 years (extremes 19 and 
62 years). Age groups [20-29 years] and [30-39 years] 
were most represented, with 36.6% and 26.8% 
respectively (Table I). Majority of strains were isolated 
from urethral swabs (n=39), with two strains isolated from 
an endocervical swab and one from a first-draft urine. 
 
Antibiotic susceptibility profile 
 
All isolates were sensitive to ceftriaxone (MIC ≤ 0.023 
mg/L), cefixime (MIC ≤ 0.016 mg/L) and gentamycin (MIC 
≤ 8 mg/L) with very low MIC50 (0.016 mg/L) and MIC90 
(0.016 and 0.023 mg/L) for third-generation 
cephalosporins (Table II).Similarly, majority of isolates 
(95.1%, n= 39) were sensitive to azithromycin (MIC ≤ 1 
mg/L) with a MIC50 of 0.064 mg/L and a MIC90 of 1 mg/L. 
Isolates were highly resistant to ciprofloxacin (92.7%, 
n=39) and tetracycline (90.25%; n=38) with respective 
MIC ranges of 0.002 to 6 mg/L and 0.38 to 64 mg/L and 
high values of MIC50 (1 and 12 mg/L) and MIC90 (3 and 
48 mg/L) (Table II). 
Two strains were resistant to azithromycin (MICs = 1.5 
mg/L), ciprofloxacin (MICs = 1.5 mg/L) and tetracycline 
(MICs = 1.5 and 16 mg/L).Thirty-five strains were 
resistant to ciprofloxacin (MICs ranging from 0.25 to 4 
mg/L) and tetracycline (MICs ranging from 0.75 to 64 
mg/L). Five strains were resistant to only one antibiotic, 
including three to ciprofloxacin and two to tetracycline. 
Only one isolate was sensitive to all antibiotics tested.  
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Table I: Main socio-demographic characteristics of patients. 

 Number % 

Women 1 2.4 

Men 40 98.6 

Medianage 38 years  

Extremes  [19 – 62 years]  

Age range (years)   

[< 20] 1 2.4 

[20-29] 15 36.6 

[30-39] 11 26.8 

[40-49] 9 22 

[> 50] 5 12.2 

        Total 41 100 

 
 
 

Table II:MICs, MIC50 and MIC90 values for N. gonorrhoeae isolates (n=41). 

Antibiotics 
Critic values (mg/L) 

Sensitive 

strains 
mg/L 

S ≤ R > N (%) Range MIC
50

 MIC
90

 

Ceftriaxone 0.125 0.125 41 (100) 0.002 – 0.023 0.016 0.023 

Cefixime 0.125 0.125 41 (100) 0.016 0.016 0.016 

Gentamycin 16 - 41 (100) 2 - 8 8 8 

Azithromycin 1 - 39 (95.1) 0.016 – 1.5 0.064 1 

Ciprofloxacin 0.03 0.06 2 (4.9) 0.002 - 6 1 3 

Tetracycline 0.5 0.5 3 (7.3) 0.38 - 64 12 48 

           S: sensitive, R : resistant 
 
DISCUSSION 
 
The aim of this study was to determine antibiotic 
resistance profile of N. gonorrhoeae strains isolated in 

Dakar by determining MIC in order to study efficacy of 
antibiotics recommended for treatment of gonorrhea. 
Antibiotic resistance in N. gonorrhoeae strains has 
become a global problem. It is therefore important to moni- 
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tor emergence and spread of resistant strains. In 
addition, gonococcal infections are on the increase and 
can be attributed to various factors in different parts of 
the world (WHO, 2012).  
The rate of N. gonorrhoeae isolation was higher in young 
adult males than in females of the same age, this result 
was reported in a study conducted in South Africa 
(Rambaran et al., 2019).Median age was 38 years 
(extremes 19 and 62 years), and age group [30-39 years] 
was themost represented (36.6%). Although our study 
population is not representative of general male 
population, it nevertheless constitutes a sentinel 
population for studying emergence of N. gonorrhoeae 
resistance. 
All isolates were sensitive to ceftriaxone, cefixime and 
gentamicin. MIC50 and MIC90 of ceftriaxone (0.016 mg/L 
and 0.023 mg/L respectively) and cefixime (0.016 mg/L 
respectively) were very low. This good sensitivity of 
isolates to ceftriaxone and cefixime has been reported for 
strains isolated in Ivory Coast (Yéo et al., 2018).  
Ceftriaxone and cefixime are effective and remain drugs 
of choice in first-line treatment recommendations. 
Gentamicin could also be an alternative for treatment of 
gonococcal disease. Only two strains (4.9%) were 
resistant to azithromycin with an MIC>1 mg/L. A 
resistance rate of 18.6% to this antibiotic has been 
reported in China(Yin et al., 2018).With spread of 
resistance, dual therapy (ceftriaxone and azithromycin) 
has been recommended as first-line treatment for 
uncomplicated gonorrhea in many countries around the 
world (WHO, 2018). This drug is still active on majority of 
isolates tested, with a MIC90 equal to 1 mg/L 
(corresponding to the sensitivity threshold). Nevertheless, 
resistance to azithromycin could continue to increase in 
our country, especially as consumption of the drug is 
rising sharply. WHO has suggested that an antimicrobial 
should not be used when more than 5% of strains are 
resistant to it (WHO, 2012).The rate of resistance to 
ciprofloxacin was 95.1% with MIC50 and MIC90 values of 1 
and 3 mg/L respectively. A resistance rate of 83.9% has 
been reported in Ivory Coast (Yéo et al., 2018). In United 
States, a resistance rate of 13.5% has been reported 
(Kirkcaldy et al., 2013). The use of ciprofloxacin, which 
was previously recommended for treatment of gonorrhea, 
is no longer appropriate in view of the reported rates of 
resistance. Resistance to tetracycline was very high 
(92.7%) with high MIC50 and MIC90 values of 12 and 48 
mg/L respectively. A resistance rate of 92.8% has been 
reported in North Africa (Hançali et al., 2013). Resistance 
rates of over 95% have been reported in Bhutan and 
Indonesia (Bala et al., 2013), while in United States, 
South America and the Caribbean, around 22% of 
isolates were resistant to this antibiotic (Kirkcaldy et al., 
2013; Dillon et al., 2013). Given this high rate of 
resistance to tetracycline, this antibiotic is not appropriate 
for the treatment of gonorrhea in Senegal and many other 
countries. In view of these results, it is necessary to set 

up surveillance of antibiotic resistance in N. gonorrhoeae 

isolates to third-generation cephalosporins (ceftriaxone, 
cefixime), gentamicin and particularly azithromycin, in 
order to monitor emergence of strains resistant to these 
antibiotics. 
However, the study has some limitations, notably the 
small sample size which limits the generalizability or 
representativeness of the findings to a larger population. 
 
CONCLUSION 
 
This study showed that ceftriaxone, cefixime and 
gentamicin were effective against isolates of N. 
gonorrhoeae. Azithromycin remains effective even 
though two isolates were resistant to this antibiotic. High 
rates of resistance were observed with tetracycline and 
ciprofloxacin. These results demonstrate efficacy of 
antibiotics proposed in gonorrhea treatment algorithm in 
our country, but raise the issue of monitoring emergence 
of antimicrobial resistance in order to adapt gonorrhea 
treatment recommendations to local data. However, the 
study reveals perspectives on resistance of Neisseria 
gonorrhoeae with broader sampling and molecular 
characterization of isolates. 
 
ACKNOWLEDGEMENTS 
 
Medical biology laboratory of Pasteur Institute of Dakar 
 
Authors' contributions 
 
All authors contributed to article and approved submitted 
version. 
 
Conflict of interest 
 
The authors declare that the research was conducted in 
the absence of any commercial or financial relationship 
that could be construed as a potential conflict of interest. 
 
REFERENCES 
 
Alirol E, Wi TE, Bala M, Bazzo ML, Chen XS, Deal C 

(2017). Multidrug-resistant gonorrhea: A research and 
development roadmap to discover new medicines. 
PLoS Med.14(7):e1002366.    

Bala M, Kakran M, Singh V, Sood S, Ramesh V, 
Members of WHO GASP SEAR Network (2013). 
Monitoring antimicrobial resistance in Neisseria 
gonorrhoeae in selected countries of the WHO South-
East Asia Region between 2009 and 2012: a 
retrospective analysis. Sex Transm Infect.89 Suppl 
4:iv28-35. 

Cehovin A, Harrison OB, Lewis SB, Ward PN, Ngetsa C, 
Graham SM (2018). Identification of Novel Neisseria 
gonorrhoeae Lineages Harboring Resistance Plasmids 
in Coastal Kenya. J Infect Dis.218(5):801-808.        



5 
 

 
 
 
 
Dillon JAR, Trecker MA, Thakur SD (2013). Gonococcal 

Antimicrobial Surveillance Program Network in Latin 
America and Caribbean 1990-2011. Two decades of 
the gonococcal antimicrobial surveillance program in 
South America and the Caribbean: challenges and 
opportunities. Sex Transm Infect.89 Suppl 4:iv36-41.      

Garrett NJ, McGrath N, Mindel A (2017). Advancing STI 
care in low/middle-income countries: has STI 
syndromic management reached its use-by date? Sex 
Transm Infect.93(1):4-5.      

Hançali A, Ndowa F, Bellaji B, Bennani A, Kettani A, 
Charof R(2013). Antimicrobial resistance monitoring in 
Neisseria gonorrhoeae and strategic use of funds from 
the Global Fund to set up a systematic Moroccan 
gonococcal antimicrobial surveillance programme. Sex 
Transm Infect.89 Suppl 4:iv24-27.       

Jennison AV, Whiley D, Lahra MM, Graham RM, Cole 
MJ, Hughes G (2019). Genetic relatedness of 
ceftriaxone-resistant and high-level azithromycin 
resistant Neisseria gonorrhoeae cases, United 
Kingdom and Australia, February to April 2018. Euro 
Surveill.24(8):1900118.   

Kirkcaldy RD, Kidd S, Weinstock HS, Papp JR, Bolan GA 
(2013). Trends in antimicrobial resistance in Neisseria 
gonorrhoeae in the USA: the Gonococcal Isolate 
Surveillance Project (GISP), January 2006-June 2012. 
Sex Transm Infect.89 Suppl 4:iv5-10. 

Lowe S, Mudzviti T, Mandiriri A, Shamu T, Mudhokwani 
P, Chimbetete C (2019). Sexually transmitted 
infections, the silent partner in HIV-infected women in 
Zimbabwe. South Afr J HIV Med. 20(1):849.  

Ndowa FJ, Francis JM, Machiha A, Faye-Kette H, 
Fonkoua MC (2013). Gonococcal antimicrobial 
resistance: perspectives from the African region. Sex 
Transm Infect.89 Suppl 4:iv11-15. 

Rambaran S, Naidoo K, Dookie N, Moodley P, Sturm AW 
(2019). Resistance Profile of Neisseria gonorrhoeae in 
KwaZulu-Natal, South Africa Questioning the Effect of 
the Currently Advocated Dual Therapy. Sex Transm 
Dis.46(4):266-270. 

Rowley J, Vander Hoorn S, Korenromp E, Low N, Unemo 
M, Abu-Raddad LJ (2019). Chlamydia, gonorrhoea, 
trichomoniasis and syphilis: global prevalence and 
incidence estimates, 2016. Bull World Health 
Organ.97(8):548-562.      

Tacconelli E, Magrini N, Kahlmeter G, Singh N (2017). 
Global priority list of antibiotic-resistant bacteria to 
guide research, discovery, and development of 
newantibiotics. World Health Organization, Geneva, 

 Switzerland. Available on:https:// 
www.who.int/medicines/publications/global-priority-list-
antibiotic-resistantbacteria/en/.      

Unemo M, Golparian D, Eyre DW (2019). Antimicrobial 
Resistance in Neisseria gonorrhoeae and Treatment of 
Gonorrhea. Methods Mol Biol.1997:37-58.       

Unemo M, Lahra MM, Cole M, Galarza P, Ndowa F, 
Martin I (2019). World Health Organization Global 
Gonococcal Antimicrobial Surveillance Program (WHO 
GASP): review of new data and evidence to inform 
international collaborative actions and research efforts. 
Sex Health.16(5):412-425.      

Unemo M, Shafer WM (2014). Antimicrobial resistance in 
Neisseria gonorrhoeae in the 21st century: past, 
evolution, and future. Clin Microbiol Rev.27(3):587-613.       

White RG, Moodley P, McGrath N, Hosegood V, Zaba B, 
Herbst K (2008). Low effectiveness of syndromic 
treatment services for curable sexually 
transmittedinfections in rural South Africa. Sex Transm 
Infect.84(7):528-534.        

WHO (2012). Global action plan to control the spread and 
impact of antimicrobial resistance in Neisseria 
gonorrhoeae. Geneva. Available on: 
http://www.who.int/reproductivehealth/publications/rtis/9
789241503501. 

WHO(2021). Global progress report on HIV, viral 
hepatitis and sexually transmitted infections. Available 
on: 
https://www.who.int/publications/i/item/978924002707 

WHO(2018). Report on global sexually transmitted 
infection surveillance. Available on : 
https://www.who.int/reproductivehealth/publications/stis 
-surveillance-2018/en/.  

WHO (2016). WHO guidelines for the treatment of 
Neisseria gonorrhoeae.Available on: 
http://www.who.int/reproductivehealth/publications/rtis/g
onorrhoea-treatment-guidelines/en/. 

Wi T, Lahra MM, Ndowa F, Bala M, Dillon JAR, Ramon-
Pardo P (2017). Antimicrobial resistance in Neisseria 
gonorrhoeae: Global surveillance and a call for 
international collaborative action. PLoS 
Med.14(7):e1002344.      

Yéo A, Sévédé D, Elogn CL, Kouamé-Blavo B, Ouattara 
A, Bazan F(2018). Spectinomycin resistance profile of 
Neisseria gonorrhoeae isolates in Ivory Coast. Rev Bio-
Africa.2018;36-41.     

Yin YP, Han Y, Dai XQ, Zheng HP, Chen SC, Zhu BY 
(2018). Susceptibility of Neisseria gonorrhoeae to 
azithromycin and ceftriaxone in China: A retrospective 
study of national surveillance data from 2013 to 2016. 
PLOS Med.15(2):e1002499. 

 
 

 

 

www.who.int/medicines/publications/global-priority-list-antibiotic-resistantbacteria/en/
www.who.int/medicines/publications/global-priority-list-antibiotic-resistantbacteria/en/
http://www/
https://www.who.int/publications/i/item/978924002707
https://www.who.int/reproductivehealth/publications/stis
http://www.who.int/

