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EVALUATING THE ANTIBIOTIC-RESISTANT PATTERNS OF ZOONOTIC ESCHERICHIA COLI IN GUENON MONKEYS AND HUMANS AT THE LIMBE ZOOLOGICAL GARDEN.







ABSTRACT
Background:  Antibiotic resistance is a growing concern in both human and animal populations, including non-human primates like monkeys. Antibiotic resistance is widely distributed in all kinds of waste, including animal faeces, and can be transmitted to humans through agricultural products, water, or air, making it difficult to deal with antibiotic resistance. 
Aims: The close phylogenetic relationship between humans and other primates creates high potential for pathogen exchange. Guenon monkeys, often found in close proximity with humans are potential reservoirs for bacteria. This study aimed to assess the prevalence of Escherichia coli isolates in Guenon monkeys and humans, and to characterize their antibiotic resistance profiles.

Methodology: Faecal samples were obtained from human and non-human primates, cultured and identified using biochemical tests. Antimicrobial susceptibility testing was performed using the disk diffusion method. This study was a cross-sectional study involving Guenon monkeys, workers in the Limbe Zoological Garden and the population around the zoological garden. This study was conducted at the Limbe Zoological Garden over a period of four (4) months, from March to July 2024. The data were analysed using the Statistical Package for Social Sciences (SPSS) version 23. Univariate and multivariate logistic regression analyses were performed to identify the risk factors of the disease transmission. P≤0.05 was considered significant.
Results: The prevalence of Escherichia coli in humans was 33.0% (30/91) while in Guenon monkeys it was 48.1% (25/52). Escherichia coli isolates from Guenon monkeys were highly resistant to Imipenem (100%) and Metronidazole (100%), while isolates from humans showed the highest resistance to metronidazole (100%) and Imipenem (96.7%). Multidrug resistance was observed in 28 (93.3%) of the human isolates and 25 (100%) of the monkey isolates, although the difference was not significant (P= 0.495).
Conclusion: Understanding the prevalence and characteristics of antibiotic resistance in zoonotic bacteria is crucial for developing effective strategies to combat drug resistance. This study enhances our knowledge on antibiotic sensitivity among human and non-human primate bacteria. It underscores the importance of continually identifying pathogenic microbes in these species, particularly in confined animals with frequent direct or indirect interaction with humans
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1. INTRODUCTION 
A thorough understanding of infectious disease occurrence and epidemiology in wildlife, along with the risk of transmission to humans, is crucial for the management and conservation of wildlife species (Fagre et al., 2022). Non-human primates (NHP), like humans, are susceptible to various bacterial agents such as Mycobacteria, Shigella, Salmonella, Escherichia coli, and Campylobacter, that pose serious threats to all primates (McLennan et al., 2018; Medkour et al., 2021). Secondly, the close phylogenetic association between humans and other primates generates high potential for pathogen exchange (Medkour et al., 2021). Thus, it is of extreme importance to identify microorganisms that are common to both NHPs and humans.
Antibiotic resistance is currently one of the greatest threats to human health. Widespread use and residues of antibiotics in humans, animals, and the environment can exert selective pressure on antibiotic-resistant bacteria (Ding et al., 2023; Chinemerem Nwobodo et al., 2022) . Antibiotic resistance is a growing concern in both human and animal populations, including non-human primates like monkeys (Parsons et al., 2021; Tanga et al., 2024). Antibiotic resistance is widely distributed in all kinds of waste, including animal faeces, and can be transmitted to humans through agricultural products, water, or air, making it difficult to deal with antibiotic resistance (Yang et al., 2022; Tanga et al., 2024). The unregulated over-the-counter sales of antimicrobial drugs have facilitated unmitigated, frequent, and inappropriate use in both humans and animal agriculture has exacerbating the effect.  Studies have shown that antibiotic-resistant bacteria can be found in wild and captive monkey populations, and that these bacteria can be transferred between humans and primates (Mouiche et al., 2019; Rahman et al., 2021; Tanga et al., 2024). Resistance to all classes of antibiotics in primates has been reported in several studies, with beta-lactams being the most common drug (Rahman et al.,2021; Tanga et al., 2024). This poses a risk to both human and animal health, as infections become harder to treat. Antibiotic resistance in enteric pathogens, particularly E. coli species, is a critical global issue. (Arbab et al., 2024). The necessity to improve human health, animal health and agricultural productivity in low- and middle-income countries has led to the extensive use of antimicrobials without respecting therapy guidelines (Arbab et al., 2024). With the widespread use of antibiotics, antimicrobial resistance has emerged as one of the major global health challenges (Robinson et al., 2016). Antimicrobial resistance (AMR) is an outstanding challenge for contemporary medicine and public health, in which microorganisms adapt to withstand the effects of antimicrobial agents, rendering previous treatments ineffective. AMR is responsible for increased morbidity, mortality, and healthcare costs, corresponding to nearly 700,000 deaths worldwide every year, which is estimated to increase to up to 10 million deaths per year by 2050 (Oliveira et al., 2024). From the perspective of “One Health,” an effective way to accelerate harmless and resourceful treatment of AMR is crucial. Thus, the aim of this study is to evaluate antibiotic-resistant patterns of zoonotic Escherichia coli in guenon monkeys, humans, and specifically 1) to assess the prevalence of infectious bacteria on guenon monkeys and humans and 2) to determine antibiotic resistance profiles of Escherichia coli isolates from Guenon monkeys and humans in the Limbe Zoological Garden.

2. MATERIALS AND METHODS                                                                                                                                                                                                                                                                                                                                                                                                                 
STUDY POPULATION
The study population consisted of Guenon monkeys, workers at the wildlife centre and the population around the wildlife centre (that is, we considered those who lived up to 150meters away from the wildlife centre).

ETHICAL CONSIDERATIONS 
Ethical approval to conduct this study was obtained from the Regional Delegation of Public Health for the South West Region (Ref. No P42/ MINSANTE/SWR/RDPH/CB.PT), while administrative authorisation was obtained from the Ministry of Forestry and Wildlife (No 3042/L/MINFOF SG DAG/SG DAG/SDPSP/SP/BFORMSTE). For the collection of samples from Guenons and wildlife workers, an administrative clearance from the Regional Delegation of Public Health and an authorisation from the Regional Hospital Limbe Mile-1, where the testing of specimens was carried out. Informed consent was obtained from all study participants before they were enrolled in the study. Qualitative and quantitative data were collected using a pre-tested structured questionnaire.
SAMPLE COLLECTION AND TRANSPORTATION
To obtain faecal samples from non-human primates, we tactically placed food on the ground and masked ourselves. Upon defecation, we select fresh samples based on visual cues related to sample integrity and colour. The monkeys were painted after stool collection to avoid collecting from a single primate twice. A total of 52 stool samples were collected from Guenons in dry plastic containers. Humans were educated on how to collect proper stool, and 91 stool samples were collected. The samples were transported in a flask containing ice packs to the Regional Hospital Limbe laboratory for analysis.
SAMPLE COLLECTION AND IDENTIFICATION
Isolation on Eosin Methylene Blue (EMB): EMB was prepared according to the manufacturer’s procedure (BD Difco Manual, 2023). A spoonful of samples was dissolved in 5mL of normal saline, inoculated on EMB agar and incubated at 37oC for 24hours. Suspected colonies (typically appear as dark, often with a metallic green sheen) on EMB agar were subcultured on nutrient agar (NA) to obtain pure colonies of E. coli (typically appear as smooth, circular, and translucent or grayish-white discs). Species confirmation was performed using the Analytical Profile Index (API), with the 20E panel for Enterobacteriaceae specifically used for the test. 
Antimicrobial susceptibility testing (AST): E. coli isolates from Guenons and humans from the NA were used for AST by the Kirby-Bauer disk diffusion method following the Clinical Laboratory Standards Institute (CLSI) guidelines on Mueller-Hinton Agar (MHA). MHA was prepared following the manufacturer’s procedure. 4-5 pure colonies were used to prepare a 0.5 McFarland standard and used to inoculate the MHA. The antibiotics used were Ceftriaxone (CRO 30ug/disc), Cefixime (CFM 10ug/disc), Imipenem (IMP 10ug/disc), Ampicillin (AMP 30ug/disc), Amoxicillin-clavunic acid (AMC 20/10ug/disc), Azithromycin (AZM 15ug/disc), Erythromycin (ERY 15ug/disc), Gentamicin (GEN 10ug/disc), Ciprofloxacin (CIP 5ug/disc), Norfloxacin (NOR 10ug/disc), Doxycycline (DOX 30ug/disc), Metronidazole (MET 30ug/disc) and Trimethoprim (TMP 1.25ug/disc). The plates were inverted and incubated at 35-37o C for 16-18 hours. After incubation, the zones of inhibition were measured and compared to the CLSI standard zone of inhibition charts. 
Statistical analyses
The data were analysed using Statistical Package for Social Sciences (SPSS) version 23. Descriptive statistics were used to measure frequency distribution as count, percentages. Numerical data such as age and number of individuals in a household were analysed using means and standard deviations. The prevalence and the effect of various factors, such as sex, age group, were assessed using the Pearson Chi-square test (χ2). Univariate and multivariate logistic regression analyses were performed to identify the risk factors of the disease transmission. P≤0.05 was considered significant.

3. RESULTS AND DISCUSSION
DEMOGRAPHIC CHARACTERISTICS OF STUDY PARTICIPANTS
[bookmark: _Toc176720704][bookmark: _Toc182602221]Demographic characteristics were vital in this study because they gave a clear picture of personal information and the status of the participants. It also helped us to see how this different information impacted the results. A total of 91 individuals (Workers in the wildlife centre and members of the community around the Limbe Wildlife centre) were involved in stool collection, where the following information on their demography was taken: sex, age, marital status, level of education (Table 1). This exercise was done within a period of 4 months.
A total of 91 stool samples were collected from humans within a period of 4 months. The youngest participant was 18 and the oldest was 91 years with a mean (SD) of 40.64 (17.49) years. The majority of participants in this study were males (65.9%; 60/91), age group 25-35 years (38.5%; 35/91), single (52.7%; 48/91) and had attended tertiary education (52.7%; 48/91) (Table 1).




Table 1: General characteristics of Human Population (n=91).
	Parameters 	
	Variables 
	Frequency
	Percentage

	Sex	
	Female 
	31
	34.1

	
	Male 
	60
	65.9

	Age range in years	
	<25
	12
	13.2

	
	25-35	
	35
	38.5

	
	36-45
	16
	17.6

	
	>45
	28
	30.8

	Marital status
	Single
	48
	52.7

	
	Married
	38
	41.8

	
	Widow/widower
	5
	5.5

	Level of education
	Primary 
	6
	6.6

	
	Secondary
	37
	40.7

	
	Tertiary 
	48
	52.7

	Sample site collection
	Wildlife worker
	40
	44.0

	
	Community member
	51
	56.0

	Number of persons in household
	per
	14
	15.4

	
	2-4
	23
	25.3

	
	>5
	54
	59.3


Species of NHP involved in data collection
[bookmark: _Toc175162326][bookmark: _Toc175162368][bookmark: _Toc176023506][bookmark: _Toc6834077][bookmark: _Toc6839194][bookmark: _Toc182205262]During data collection, samples were collected from 8 different species of guenons. Guenon monkeys were the most abundant in the LZG. The frequency of the species is dependent on the availability of the stool sample from the individual at the time of collection. The 52 stool samples from NHP were collected from the 08 different species of guenon monkeys. Stool samples were also collected from species that were quarantined for one reason or another other as seen in Table 2.  	
The most common species was the Tantalus species (30.8%; 16/50), followed by Mona monkeys (17.3%; 9/50) and quarantined monkeys (15.4 %; 8/50), and the least was Moustached monkey (1.9 %; 1/50) (Table 2).

[bookmark: _Toc182602222]Table 2: Different species of Guenon monkeys involved in the study
	Species	
	Scientific name
	Frequency
	Percentage

	Agile mangabey	
	Cercosebus agilis
	2
	3.8

	Mona monkey 
	Cercopithecus mona
	9
	17.3

	Mustached
	Cercopithecus cephus
	1
	1.9

	Patas monkey
	Erythrocebus patas
	5
	9.6

	Putty nosed
	Cercopithecus nictitans
	3
	5.8

	Preuss’s species
	Allochrocebus preussi
	2
	3.8

	Quarantined monkeys
	
	8
	15.4

	Red-capped mangabey
	Cercocebus torquatus
	4
	7.7

	Red-eared monkey
	Cercopithecus erythrotis
	2
	3.8

	Tantalus monkey
	Chlorocebus tantalus
	16
	30.8



Prevalence of E. coli in guenon monkeys
It is important to know the prevalence of E. coli in guenon monkeys. It gave us the frequency of the guenon population that is affected by the bacteria. E. coli was the main bacterium in this study. However, during stool analysis, three other species of bacteria were identified in the stool of Guenon monkeys, with their prevalence as seen in Table 3


Table 3: Bacteria identified in the Guenons population (n= 52)
	Bacteria identified	
	Number present
	Prevalence (%)

	E. coli
	25
	48.1

	Citrobacter freundii
	6
	11.5

	Enterobacter sakazakii cloaca
	1
	1.9

	Salmonella spp.
	19
	36.5



The overall prevalence of E. coli was found to be 48.1% (25/52), followed by Salmonella spp (36.5%; 19/52) and the least was Enterobacter sakazakii cloaca (1.9%; 1/52) (Table 3).	

Prevalence of E. coli in humans 
Prevalence of E. coli in humans provided an estimate of the proportion of the respondents who are infected with the bacteria. Stool samples from humans also showed the presence of some bacteria other than E. coli (which was the main bacterium in this study). Three other bacteria and their prevalence are seen in Table 4

Table 4: Bacteria identified in humans (n= 91).
	Bacteria identified
	Number present
	Prevalence (%)

	E. coli	
			30
	32.97

	Citrobacter freundii
	2
	2.2

	Pasteurella pneumoniae
	1
	1.1

	Salmonella choleraesius
	7
	7.7

	Salmonella spp.
	16
	17.58


 E. coli had the highest prevalence (32.97%; 30/91) in the stool samples of all the different species of monkeys. Citrobacter freundii, Pasteurella multocida, Salmonella choleraesius and Salmonella spp were the four other bacteria that were found in the stool. Salmonella spp were the most prevalent (17.58%; 16/91), and Pasteurella multocida was the least prevalent (1.1%; 1/91) (Table 5).

[bookmark: _GoBack]Table 5: Bacteria identified in monkeys (n= 91).
	Bacteria identified
	Number present
	Prevalence (%)

	E. coli	
	30
	32.97

	Citrobacter freundii
	2
	2.2

	Pasteurella multocida
	1
	1.1

	Salmonella choleraesius
	7
	7.7

	Salmonella spp.
	16
	17.58



The human population was made up of wildlife workers or staff of the LZG and community members.  Assessing the prevalence of E. coli within the human population indicates that the majority of those infected, 43.1% (22/51), were from the community compared to the LZG workers, 20% (8/40).  This difference was significant (ᵪ2 = 5.43, P=0.02). 

Antimicrobial susceptibility test (AST) of E. coli isolates 
[bookmark: _Toc176720710][bookmark: _Toc182602227]All the strains of E. coli in Guenon monkeys 25 (100.0%) were resistant to at least one antibiotic class. Imipenem (IMP) and Metronidazole (MET) recorded the highest prevalence, 25(100%), while the most susceptible drug was Gentamicin (GEN), 22(88.0%), followed by Norfloxacin (NOR), 17(68.0%), as seen in Table 5. In humans, all the strains 30(100%) of E. coli in human participants were resistant to at least one antibiotic class. All the E. coli strains were resistant to MET 30(100%), followed by IMP 29(96.7%). The most susceptible drug was GEN and NOR, both having a prevalence of 27(90.0%), as seen in Table 6. 
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[bookmark: _Toc175161473][bookmark: _Toc4944605][bookmark: _Toc176023515][bookmark: _Toc6834086][bookmark: _Toc6839203][bookmark: _Toc182205271]Table 6: Antibiotic-resistant strains of E. coli in monkeys

	Antibiotics 	
	Sensitive (%)
	Intermediate (%)
	Resistance (%)

	CIP
	10(40.0)
	8(32.0)
	7(28.0)

	AZM
	15(60.0)
	6(24.0)
	4(16.0)

	AMP
	2(8.0)
	1(4.0)
	22(88.0)

	IMP
	0(0)
		0(0)	
	25(100)

	MET
	0(0)
	0(0)
	25(100)

	TMP
	5(20.0)
	2(8.0)
	18(72.0)

	ERY	
	1(4.0)
	0(0)
	24(96.0)

	AMC
	1(4.0)
	4(16.0)
	20(80.0)

	GEN
	22(88.0)
	0(0)
	3(12.0)

	DOX	
	9(36.0)
	4(16.0)
	12(48.0)

	CRO
	12(48.0)
	0(0)
	13(52.0)

	NOR
	17(68.0)
	1(4.0)
	7(28.0)

	CFM
	8(32.0)
	4(16.0)
	13(52.0)



CIP- Ciprofloxacin AZM- Azithromycin AMP- Ampicillin IMP- Imipenem MET-Metronidazole TMP- Trimethoprim ERY-Erythromycin AMC- Amoxicillin/clavunic acid GEN- Gentamicin DOX- Doxycycline CRO- Ceftriaxone NOR- Norfloxacin CFM- Cefixime.
.
Table 7: Antibiotic resistant strains of E. coli in humans

	Antibiotics 	
	Sensitive (%)
	Intermediate (%)
	Resistance (%)

	CIP
	19(63.3)
	5(16.7)
	6(20.0)

	AZM
	24(80.0)
	1(3.3)
	5(16.7)

	AMP
	3(10.0)
	3(10.0)
	24(80.0)

	IMP
	0(0)
	1(3.3)
	29(96.7)

	MET
	0(0)
	0(0)
	30(100)

	TMP
	6(20.0)
	2(6.7)
	22(73.3)

	ERY	
	0(0)
	8(26.7)
	22(73.3)

	AMC
	6(20.0)
	2(6.7)
	22(73.3)

	GEN
	27(90.0)
	3(10.0)
	0(0)

	DOX	
	13(43.3)
	5(16.7)
	12(40.0)

	CRO
	19(63.3)
	0(0)
	11(36.7)

	NOR
	27(90.0)
	0(0)
	3(10.0)

	CFM
	21(70.0)
	1(3.3)
	8(26.7)



CIP- Ciprofloxacin, AZM- Azithromycin, AMP- Ampicillin, IMP- Imipenem, MET-Metronidazole, TMP- Trimethoprim, ERY-Erythromycin, AMC- Amoxicillin/clavulanic acid, GEN- Gentamicin, DOX- Doxycycline, CRO- Ceftriaxone, NOR- Norfloxacin, CFM- Cefixime.
Resistance to drugs in both humans and guenons
Drug resistance was very important in this study because it is a major threat to public health, which can cause failure of treatmentin both humans and animals. In this study, we tried to compare drugs that are resistant to both humans and NHP, which is more resistant than the others, as seen in Figure 1.
Comparing Multidrug Resistance (MDR) between human and monkey participants (Figure 1), our data showed that the prevalence of MDR was highest in monkeys (100.0%; 25/25) as compared to human participants, although the difference was not significant (P= 0.495).




χ2        =0.188                                                              P=0.495
Figure 1: Comparison of multi–Drug Resistance (MDR) in the human and monkey population

DISCUSSION 
Pathogens that are transmitted among wildlife and humans pose a challenge to wildlife conservation and a threat to human and animal health. The close relationship between NHPs and humans further increases the potential for the exchange of zoonotic pathogens. In the One Health context study, we recorded a high prevalence (48.1%) of E. coli among the Guenon monkeys. This prevalence was higher than the reported prevalence of 42.5% (Zaniolo et al., 2020) in free-living primates in Brazil. On the other hand, the prevalence was lower compared to studies that were carried out on other non-human primates with a prevalence range of 56%- 81% (Clayton et al., 2014; Abdallah et al., 2020; Foster-Nyarko et al., 2020). The high prevalence can be attributed to the fact that E. coli are known gut commensals of animals, including non-human primates. Although they play a role in the maintenance of gut health by helping to prevent the establishment of pathogenic bacteria in the gastrointestinal tract, they can also cause severe health issues in these primates. Furthermore, the difference could also be attributed to the difference in the study design.

The prevalence of E. coli in humans (33.0%) was higher compared to a study that was carried out in Bamenda, wherein the prevalence of E. coli was 30% (Bissong et al., 2023). Another study in Douala showed a similar prevalence of E. coli, 33.89% (Tchientcheu et al., 2021).  However, the prevalence of E. coli was lower than that of other studies carried out in some towns in Cameroon, which revealed that the prevalence of E. coli ranged between 62.9%-90% (Marboua et al., 2020; Plidikoua et al., 2023). The difference in the prevalence of E. coli could be due to the fact that the study included only adults, meanwhile E. coli infections are more prevalent in children. 
In Guenon monkeys, all the E. coli isolates showed resistance to Imipenem (100%) and metronidazole (100%), followed by erythromycin (96.0%). This result is in contrast to a study that was carried out on wild primates in Brazil, which showed that the most resistant antibiotics were ampicillin (44.44%) and amoxicillin-clavulanic acid (22.22%) (Zaniolo et al., 2020). Another study that was carried out in Kenya on captive and wild baboons showed that both groups were highly resistant to ampicillin (32.3% and 35.5%) in captive and wild baboons, respectively (Waititu, 2020). Another study carried out in 2014 in USA showed that E. coli isolates were most resistant to ampicillin (17.9%) and 5.5% of the E. coli isolates displayed multidrug resistance which was defined as decreased antibiotic susceptibility to 3 and above classes of antibiotics (Clayton et al., 2014) and this was not in line with this present study as the prevalence of multidrug resistance was 100.0%. All these differences might be due to study design and the class of antibiotics that is commonly used in the country. The prevalence of multidrug resistance in this study was higher than a study carried out on non-human primates in China, which showed that the prevalence of multidrug resistance was 47.94% (Zhu et al., 2021). However, the prevalence of MDR was in line with a study carried out on non-human primates in Nigeria, wherein the prevalence of MDR was 100.0% (Okunlade et al., 2022). 

In humans, all the E. coli isolates showed highest resistance to metronidazole (100.0%) followed by Imipenem (96.7%) and ampicillin (80.0%) which is different from studies carried out in some towns in Cameroon like Douala where high levels of resistance were recorded with ciprofloxacin (75%) and low resistance to Imipenem (2.8%) (Plidikoua et al., 2023). Another study in Bamenda showed high resistance of E. coli to azithromycin (62.7%), doxycycline (61.8%), while they were most susceptible to Carbapenem (Imipenem; 78.9%) (Bissong et al., 2023) and in Douala, the result also showed that the isolates of E. coli were most resistant to doxycycline (63.72%), amoxicillin-clavulanic acid (62.75%), and ceftriaxone (37.25%) (Tchientcheu et al., 2021).  The prevalence of MDR of 93.3% in this study was higher compared to studies carried out in some towns in Cameroon, where MDR prevalence ranged between 83%-88.9% (Bissong et al., 2023; Plidikoua et al., 2023).  It is also higher than another study in Asia, which showed multidrug resistance prevalence of 66.3% where ampicillin (73.5%) was the most resistant antibiotic, while the least was Imipenem (0.1%) (Salleh et al., 2022). However, a study carried out in South Africa showed that the prevalence of multidrug resistance by E. coli isolates was 98.8% (Heine et al., 2024), which is higher than that of the present study. 

Considering the similar patterns of drug resistance seen between the Guenon monkeys and humans, there is a clear indication of cross-contamination between humans and animals. It is postulated that non-human primates that live in close contact with humans serve as reservoirs for antibiotic-resistant bacteria. This calls for the implementation of adequate infection prevention control programs, especially in individuals visiting the Zoos. Thus, such studies are needed to investigate pathogens in primates in order to anticipate possible outbreaks. 

CONCLUSIONS 	
This study showed the necessity of human and animal health, especially animals in captivity, through the widespread use of antibiotic and antimicrobial resistant drugs on humans and NHP in treating E. coli according One Health perspective. The aim of this study was to evaluate antibiotic-resistant patterns of zoonotic E. coli in humans and NHP. The study recorded an overall prevalence of E. coli of 48.1% in Guenon monkeys and 33.0% in humans. All the 25 monkeys that tested positive for E. coli had multidrug resistance (100.0%). Multidrug resistance was recorded in 28 (93.33%) of the 30 human participants who tested positive for E. coli. Contact between humans and NHPs might result in transmission of pathogens, as such, infection prevention and control mechanism needs to be implemented.
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