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Background: Sexually transmitted infections (STDs) are hyperendemic in many developing 

countries where the diagnostic tools and treatment are usually poor. The constant abuse and misuse of 

antimicrobials have contributed to the emergence and spread of antimicrobial resistance (AMR) in the 

treatment of STIs. In this review, we looked broadly at the epidemiology of STIs, causative factors, 

surveillance reports on AMR, and antimicrobial stewardship, among others.

Methods: Using pertinent keywords like "antimicrobial resistance", "sexually transmitted 

infections", "treatment effectiveness", and similar terms, the databases of Google Scholar, PubMed, 

Embase, and the Cochrane Library were searched. 

Conclusion: Antimicrobial stewardship implementation is important for the reduction of 

antimicrobial resistance. In the treatment of sexually transmitted infections, antimicrobial resistance 

has made it hard with increased morbidity and recurrence. The prevalence of STI's and AMR can be 

reduced through proper sensitization and health professionals ensuring that antibiotics are used at the 

right time, for the right indication, right dose and right dosage form.  
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1.     Introduction     

Antimicrobial resistance (AMR) is a health crisis affecting 

the treatment of many infections, especially sexually 
1transmitted infections (STIs) . Antimicrobial susceptibility 

studies done on samples isolated from sputum, urine, and 

vaginal swab collected from two major cities in Nigeria 

showed the presence of single or multidrug resistance by 
2most of the pathogens . According to the World Health 

Organization (WHO), the major driving force of antibiotic 

resistance is abuse of antibiotics. Contracting infections 

that are resistant to antimicrobial agents can result in severe 

illnesses, extended hospital stays, escalated healthcare 

expenditures, elevated costs associated with using 

alternative, more potent drugs, and a heightened risk of 
3treatment not achieving its intended effectiveness . AMR 

also affects the general cost of healthcare. The Centre for 
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Effect of Antimicrobial Resistance in the Treatment 

of Sexually Transmitted Infections
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Disease Control records that AMR costs the United States 

$55 billion yearly from healthcare costs and reduced 
4productivity due to illness . It is important to understand the 

impact of antimicrobial resistance on the treatment of 

sexually transmitted infections (STIs) and put measures in 

place to prevent and curtail the growing risk this poses to 

patients' health. There has been an observable upward trend 

in the cost of antibiotics and antibiotics that used to work 

five years ago for certain infections can no longer be used in 

recent times due to resistance. This questions if these drugs 

now being used in the treatment of sexually transmitted 

infections will remain effective if antimicrobial resistance 

is not controlled. One essential strategy in managing 

antimicrobial use to prevent antibiotic resistance is known 

as antimicrobial stewardship. Antimicrobial stewardship 

involves a comprehensive, collaborative approach aimed at 

selecting the most suitable medications for eligible patients 

and ensuring their appropriate use over the prescribed 

duration. The primary goal is to mitigate the potential for 
5the development of antibiotic resistance . This involves 

setting up educational programs to inform health 

professionals and the public about the safe and best ways to 

use antibiotics. This ensures that the right dose, right drug, 

and right duration for the right indication are practiced in 

the prescription and use of antibiotics. In this review, we 

look at the causes of antimicrobial resistance, the cost of 

therapy, and even the application of antimicrobial 

stewardship in the prevention of antimicrobial resistance.

1.1   Epidemiology of STI

Sexually transmitted infections (STIs) are an important 

global health concern as more than 1 million people are 

newly infected with the four most curable STIs each day 

Treponema pal l idum ,  Neisser ia  gonorrhoeae , 

Trichomonas vaginalis, and Chlamydia trachomatis                                             
6-8. This burden has been disproportionately high among 

low- and middle-income countries, and African countries 

account for 20% of all STIs with an estimated prevalence of 

12% for trichomoniasis, 4% for gonorrhea, 2% for 
9chlamydia, and 1.5% for syphilis in the general population . 

STIs are often asymptomatic, and when there are 

symptoms, they have transmitted infections (STIs), have 

been recognized as often not specific. For example, 

estimates indicate major public health problems for a few 

years. 70-75% of women infected with Chlamydia 
10trachomatis are symptom-free . Despite sensitization for 

behavior change to key populations for STIs and HIV, the 

number of STIs is still increasing in different African 

countries. Therefore, other measures, such as systematic 

screening, testing, and treatment for most at-risk 

populations and their partners, are still needed for better 
11management of this burden . A meta-analysis published in 

2018 has shown that in West African regions, among 

women, higher-risk populations such as sex workers had a 

higher prevalence of Gonorrhea and syphilis than 
12clinic/community-based populations . Factors associated 

with the acquisition of STIs include lack of STI prevention 

information, having multiple sexual partners, and 
13-15inconsistent use of condoms . As some STIs are 

asymptomatic STI prevalence is usually underestimated, 

and many patients seek treatment at the late stages of 

infection, which may contribute to irreversible 
16complications . Late diagnosis is not only due to 

asymptomatic STIs but also due to stigmatization at health 
17facilities, and so many patients self-medicate at home . 

Timely diagnosis and treatment of STIs are often hampered 

by the lack of symptoms, inadequate and/or poor 

availability of diagnostics, and inaccessibility and low 
18quality of treatment in resource-limited settings . As data 

on STI burden are critical to guide STI prevention and 

control activities, the first strategic direction of the Global 

Strategy for STI Prevention and Control is to increase 

information, including STI prevalence estimates, for 

focused public health action. The 2019–2020 Nigerian 

Demographic Health Survey (RDHS) estimated that about 

4.4% of the general population between 15–49 years old 

reported having at least one STI symptom during the last 12 
19months before the survey .

Despite the result, report-based STI surveillance systems 

tend to lead to medical advances, STIs continue to pose a 

threat to the underestimation of the total number of new 

health and welfare of individuals. The correctness of the 

incidence rate is determined by the accuracy and 

completeness of case reporting. The most comprehensive 

data on incidence comes from a few industrialized 

countr ies .  Sexual ly t ransmit ted infect ions are 

hyperendemic in many developing countries, including 

their rural areas where the facilities for diagnosis and 

treatment are usually inadequate.         

                           

1.2  Causative Factors of Antimicrobial Resistance 

(AMR) in Sexually Transmitted Infections (STIs)

There is a growing global menace of the emergence of 

multidrug-resistant sexually transmitted infections. There 

are possible causes for this phenomenon that have been 

identified by studies done in the past decade. The discussion 

on the causative factors of AMR in STIs will be under the 

following subsections:
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1.3   Patients

The “patients” category has a direct impact on this growing 

AMR threat in effectively treating STIs as many of their 

practices contribute to this menace. Despite the justified 

and appropriate use of antimicrobials contributing to AMR, 

many patients self-medicate on antimicrobials and as such 

they take them at low/excessive doses, at the wrong dosing 
2 0frequency, and the wrong duration of therapy . 

Subsequently, it contributes to the development and spread 

of antimicrobial resistance. This misuse/abuse of 

antimicrobials is facilitated by the unregulated drug 

distribution channels and ease of access to the 

antimicrobials without a prescription issued by qualified 

health personnel. Reports showed that patients tend to 

skip/miss doses once they start feeling better and the 
21symptoms have subsided . It was also reported that some 

patients abandoned their drugs when they experienced side 

effects which in turn resulted in a relapse of the infection 

with more terrible symptoms caused by an extensively 
21resistant strain of the microorganism .     

1.4   Drug Circulation, Quality, and Regulations

The drug distribution channels are porous as the regulations 

surrounding the circulation of antimicrobials are loose. 

There is an ease of accessibility to antimicrobials without a 

duly signed prescription in most patent medicine stores as 

well as pharmacies, particularly in developing countries. In 

Africa, drug hawkers with little to no adequate knowledge 

about the tenets of antimicrobial use, sell a cocktail of 

antimicrobials to individuals for their monetary gains while 

wreaking havoc on the unsuspecting populace. In addition, 

research showed that antimicrobials circulated in Africa are 
21of substandard quality . When the quality of the 

antimicrobial is uncertain, patients will not be getting the 

right drug, at the right dose, in the right status, and in the 

right dosage form. Consequently, a patient may be getting a 

sub-therapeutic or toxic dose of the antimicrobial which 

contributes to AMR. There may also be fake/counterfeit 

antimicrobial where the drug does not contain any 

antimicrobial or contain a wrong pharmaceutical 
21ingredient .      

1.5   Healthcare Providers

Clinicians are responsible for prescribing antimicrobials 

for treating STIs and their prescribing pattern varies. There 

have been reported incidences of inappropriate 

antimicrobial prescriptions which featured the wrong drug, 
21incorrect doses, and unnecessary antimicrobial therapy . In 

22a study carried out by Saleh et al. , it was shown that 63.7% 

of the clinicians prescribed antibiotics with the wrong 

duration of treatment while more than 50% of cases had 
21inappropriate prescription doses . Usually, the clinicians 

begin with an empiric treatment using a broad spectrum 

antimicrobial pending the time results of the antimicrobial 

susceptibility testing will be ready. Unlike the narrow-

spectrum antimicrobial that eliminates the pathogen-

causing disease, a broad-spectrum antimicrobial agent, in 

addition to eradicating the pathogens, also disrupts the 
21normal flora in the body . Hence, this practice contributes 

to the growing resistance to antimicrobials.

1.6   Non-human Use of Antimicrobials

The use of antimicrobials in treating and preventing 

infections in animals has been a common practice. This can 

result in the development of resistant strains of 

microorganisms which are passed onto humans upon direct 

consumption of meat obtained from the animal or a product 

of the animal. The spread can also be environmental where 

fecal matter or urinary waste of the animal gets into water 
21sources for humans . In addition, plants are often sprayed 

with manure that has been mixed with antibiotics to prevent 

infections. It is imperative to recognize that there is a 

selection pressure that promotes the viability of resistant 

microbial strains when antimicrobials are used in 
21agriculture .      

     

2.  Application of Antibiotic Stewardship in the 

Treatment of STI

A major worldwide health issue, antibiotic resistance 

results from the improper use of antibiotics, which raises 
24morbidity and mortality rates . One of the measures that 

must be used in regular antimicrobial use to prevent 

antibiotic resistance is antimicrobial stewardship. 

A n t i m i c r o b i a l  s t e w a r d s h i p  i s  a n  i n t e g r a t e d , 

multidisciplinary approach that is used to choose 

acceptable medications for suitable patients for an 

appropriate period to reduce the risk of the emergence of 
2 4antibiotic resistance . The primary objective of 

antimicrobial stewardship is to prevent microbial 

Resistance; by implementing its tenets in the treatment of 

microbial infections, it can assist in lessening failed 

therapies, such as those associated with the majority of STI 

treatments, which can, in turn, contribute to microbial 

resistance. Treatment for sexually transmitted infections 

should follow certain antimicrobial stewardship standards. 

These guidelines are based on the five Ds: right drug, 

correct dose, right drug route, appropriate duration, and 
24timely pathogen-directed treatment used to de-escalate . 
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To make an accurate diagnosis and to make sure that these 

rules are being followed, prescribers and other medical 

experts play a crucial role. It is encouraging that so many 

organizations have begun implementing antimicrobial 

stewardship programs in acute care settings to encourage 

the responsible use of antibiotics and prevent potential side 

effects.

The U.S. National Action Plan released a five-year plan in 

2015 to lower antibiotic resistance by promoting the 

development of innovative preventative measures, 

improving surveillance, and implementing evidence-based 
25antimicrobial stewardship practices . The number of 

needless antimicrobial prescriptions has decreased from 

25.6% to 17.4% in the emergency department since the 
26implementation of antimicrobial stewardship . Even 

before antibiotic resistance emerged, improper antibiotic 

prescribing led to a more significant number of deaths from 

infections that were easily treatable and curable. 

Azithromycin and ceftriaxone are the most commonly used 

treatments for sexually transmitted infections like 

gonorrhea, but because of antimicrobial resistance, 

Gonorrhea is becoming increasingly difficult to treat and is 

now classified by the CDC as an "urgent threat" because of 
27,28how frequently it can spread due to antibiotic resistance . 

To increase their knowledge of infectious diseases and 

boost their confidence in prescribing antibiotics, health 

professionals should be encouraged to enroll in continuing 
29education courses  on antibiotic stewardship. This should 

be included in undergraduate medical education as well 

because it will enhance the usage of antibiotics and have 
30benefits in the future .  

2.1 Sexually transmitted infections Resistance 

Monitoring Effect

Antimicrobial resistance monitoring is a critical component 

of the global strategy of WHO to combat sexually 

transmitted infectionss because reliable data is necessary to 

contribute to the improvement of global guidelines used in 

national clinical management, building public health 

policies, and assessing the effectiveness of prevention and 
31,32control strategies . In 2018, the WHO recommended two 

data collection systems, the UNAIDS Global AIDS 

Monitoring (GAM) system and the Gonococcal 

Antimicrobial Surveillance Programme (GASP) for AMR 

monitoring in specific sexually transmitted diseases at 

national levels worldwide, which are a part of the eight 

diseases that pose a threat to reproductive and sexual health 

and are responsible for the tremendous burden of STI 

35globally . Although there are over 30 microbial parasites 

that cause STIs, these eight are linked to the highest number 

of incidents. Four of these are curable: gonorrhea, syphilis, 

chlamydia, and trichomoniasis, while the others are 

incurable; hepatitis B, herpes simplex (HSV), human 

immunodeficiency virus (HIV), and human papillomavirus 
32,33(HPV) .

High AMR levels can make treatment challenging or even 

incurable in the worst-case scenario, especially in 

gonorrhea infections. The first strain of ceftriaxone-

resistant gonococcal isolates was found in 2009 and has 

become widespread, especially due to sexual activities 
34during international travel . Drug-resistant gonococcal 

strains have since been on an increasing trend. 

Antimicrobial Resistance in N. gonorrhoeae is reported by 

70% of countries, with 88% of nations conducting STI 

surveillance and 64% of countries monitoring antibiotic 

resistance, which shows that there is a growing effort to 
36combat STIs . AMR testing is limited in some developing 

countries because they rely on the symptomatic diagnosis 

of Gonorrhea over laboratory testing of specimens, while in 

some developed countries, the use of molecular methods of 

diagnosis reduces the chances of AMR testing and 
37ultimately hinders AMR monitoring .

The Western Pacific region has witnessed an increasing 

level of Resistance to ceftriaxone, azithromycin, cefixime, 
31and ciprofloxacin, according to WHO . There has equally 

been an increasing prevalence of Resistance to these 

antibiotics in Africa and around the world over the years, 

but one issue of concern is the use of ciprofloxacin in the 

treatment of STIs, specifically gonorrhea, although the 

C e n t e r  f o r  D i s e a s e  C o n t r o l  a n d  P r e v e n t i o n 

recommendat ions  have  e l imina ted  the  use  of 

fluoroquinolones for empirical treatment of gonococcal 
34,38infections since 2006 .

There is an urgent need for new methods that can reduce the 

prevalence and spread of drug-resistant STIs; studies of 

new antimicrobial drugs and vaccines should be 
39encouraged . Several attempts to produce vaccines for 

combating drug-resistant gonococcal strains have proved 

futile; however, with the advent of bioinformatic tools and 

computat ional  methods,  which have made the 

identification and characterization of antigens much easier, 
40there may be light at the end of the tunnel in time to come . 

As the number of drug-resistant STIs rises worldwide, 

countries should develop long-term monitoring systems 
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and actively seek ways to strengthen their policies, create 
33action and response plans , and encourage healthcare 

practitioners to follow guidelines put in place by governing 

health organizations like the World Health Organization 

and the Center for Disease Control.

2.2   Treatment of Antibiotic-Resistant STI

The growing occurrence of antibiotic-resistant bacteria, 

together with the fast pace at which newly synthesized 

drugs develop resistance, has shifted to the use of 

antimicrobials from complementary and alternative 

medicine. Antimicrobials of plant origins, such as essential 

oils, are being researched and are part of existing therapies 

that are active against certain forms of bacteria implicated 
42in sexually transmitted infections (STIs) . Essential oils 

such as cinnamon, thyme, and clove oil have shown 

promising properties against 9 strains of Haemophilus 

ducreyi, the organism implicated in genital ulcers. Some 

cases of N. gonorrhoeae were being managed with 
43eucalyptus oil and have shown positive results . The use of 

non-antimicrobial products such as probiotics, although 

controversial, has been shown by some studies to be 

effective in the treatment of bacterial vaginal infections that 

are recurrent and resistant to antibiotics when used in 
44conjunction with antibiotic therapy . Current treatment 

guidelines have been updated to match the growing 

resistance. An example of this is in the treatment of 

Gonorrhea, where due to the increasing resistance to 

azithromycin, a part of first-line empirical treatment, the 

CDC guideline has omitted it from the current guideline. 

This update now states a monotherapy of ceftriaxone and 

doxycycline would be added if there is a case of co-

infection with Chlamydia (2020). Newer studies are 

probing towards the development of antimicrobial peptides 

(AMP) expressed in innate vaginal immunity as an 
45alternative therapy to antibiotic-resistant STIs . AMPs 

being from self, are harmless and have less likelihood of 
8developing resistance . Studies have identified the 

polypeptide LL-37 as a potent AMP with antimicrobial 

activities against a range of bacteria such as Staphylococcus 

aureus, Chlamydia trachomatis, Klebsiella pneumoniae, 
46Neisseria gonorrhoeae, which are implicated in STIs . The 

shortcomings of AMPs lie in the expensive and 

cumbersome methods of production; however, the silico 

analysis method shows promising ways to counter it. The 

current treatment options for antibiotic-resistant STIs focus 

more on the use of novel synthetic antimicrobials, plant-

based antibacterials, and non-antimicrobial products. 

Further research is being carried out on newer therapy 

options, such as antimicrobial peptides.

2.3  Cost of Therapy in the Antimicrobial Treatment of 

STIs       

Although antimicrobial resistance is natural, the misuse of 

antimicrobial agents has greatly accelerated the 
41development of resistance . This misuse of antibiotics 

could also be possible under usage, known as lack of 

compliance. This can sometimes be significantly affected 

by the cost of the treatment. Studies should be carried out to 

find out the relationship between cost of therapy and 

adherence. Are patients more likely to take their drugs 

completely if they are more expensive? or would it deter 

them from getting the drug in the first place?.

3.     Discussion

According to the World Health Organization, there are an 

estimated 1 million new cases of STIs every day around the 
1world . There are over one million new cases of chlamydia, 

1gonorrhea, syphilis, and trichomoniasis every day . These 

STIs can have serious health consequences if left untreated, 

including pelvic inflammatory disease, infertility, and even 
12death .  The two most commonly used antibiotics for 

10treating STIs are azithromycin and tetracycline , Both 

azithromycin and tetracycline can be rendered ineffective if 

the bacteria develop resistance to them. One of the 

multitude of strategies for the development of resistance is 

through mutations in the genes that code for the proteins 

that the antibiotics bind to. If mutation occurs in these 

genes, the antibiotics cannot bind to the ribosomes, and they 

are no longer effective. Another mechanism is through the 

production of enzymes that break down the antibiotics 

before they can work. There are a few different factors that 

can contribute to antibiotic resistance in STI-causing 

bacteria. One major factor is the overuse of antibiotics. 

When antibiotics are used too often, it gives the bacteria 

more opportunities to develop resistance. Additionally, 

poor infection control practices in healthcare settings can 
12lead to the spread of antibiotic-resistant bacteria . 

Consequently, the relevance of antimicrobial stewardship 

cannot be over-emphasized and it is a set of principles and 

practices that help ensure the appropriate use of 

antimicrobial agents. In the context of STI treatment, 

antimicrobial stewardship includes only prescribing 

antibiotics when they are needed, choosing the right 

antibiotic for the specific infection, and using the lowest 

effective dose, among others. Antimicrobial stewardship 

can help prevent the development of antimicrobial 

resistance and improve treatment outcomes for people with 
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1STIs . There are a few different strategies that can be used to 

implement antibiotic stewardship in the treatment of STIs. 

One strategy is education and training, which involves 

educating healthcare providers and patients about antibiotic 

resistance and proper antibiotic use. Another strategy is 

surveillance, which involves monitoring antibiotic use and 

resistance patterns to identify potential problems and target 

interventions. Finally, there is infection control, which 

includes practices like hand hygiene and environmental 

cleaning to reduce the spread of antibiotic-resistant 

bacteria. The cost of therapy is another important 

consideration when it comes to antibiotic stewardship in 

STI treatment. The cost of antibiotics can vary greatly, and 

it is important to choose a cost-effective option that will still 

be effective in treating the infection. Additionally, the cost 

of treating antibiotic-resistant infections can be much 

higher than treating non-resistant infections, so it is 

important to consider the potential cost savings of effective 

antibiotic stewardship.      

4.     Conclusion

Generally, educating patients about prudent antimicrobial 

use and antimicrobial resistance; regulating the 

circulation/distribution of antimicrobials; continuously 

mandating health professionals to learn about antimicrobial 

resistance, importance of adherence, microbial screening; 

and limiting the use of antimicrobials in livestock and farm 

produce. All these will considerably decrease the 

emergence and spread of antimicrobial-resistant strains in 

the treatment of sexually transmitted infections as well as 

prolong the timeframe of antimicrobial efficacy and 

effectiveness in recent times. It is also important to educate 

the public on safe sex measures and reduce the prevalence 

of sexually transmitted infections. 
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