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Prevalence, associated risk factors and antibiotic susceptibility patterns of common diarrheagenic bacteria isolated from food handler populations in Nairobi, Kenya
Abstract
Background: Diarrheal disease is estimated to cause 29% of illness among adults and is also the major cause of illness and hospitalization for children under 5 years of age.  Despite the high cases of food borne illness, there is still low reporting, diagnosis and recording of infection rates. Food handlers play a significant role in food borne pathogens transmission due to their direct contact with food and drinks. This study aimed at determining the prevalence, associated risk factors and antibiotic susceptibility profiles of common diarrheagenic bacterial pathogens among food handler populations in Nairobi.
Materials and Methods: A cross-sectional study was conducted by systematically enrolling consenting food handlers working in the hospitality industry in Nairobi into the study. Self-reported data focusing on Water, Sanitation and Hygiene (WASH)-related behaviors of the participants was collected through a structured, closed-ended questionnaire. . Stool samples were obtained and bacteriological analysis performed using conventional stool culture methods. The recovered bacterial isolates thereafter underwent Antibiotic Susceptibility Testing (AST) using the disk diffusion method to determine their resistance profiles. To assess the factors associated with antimicrobial resistance, Poisson regression modeling (univariate and multivariate) was used on the count outcome (number of antimicrobials a sample was resistant to).

. 
Results: A total of 231 isolates out of 885 potential isolates from colonies grown on both MacConkey agar with bile salts and Salmonella-Shigella Agar were confirmed as the pathogens of interest after biochemical testing. These were distributed as follows: Escherichia coli (178/885), Klebsiella pneumoniae (47/885), Salmonella spp (5/885) and Shigella (1/885). Almost all the recovered isolates showed resistance to erythromycin (97%) while about 81% exhibited resistance to amoxicillin-clavulanic acid. There was intermediate resistance seen against cefotaxime (40%), cefepime (33%), cefuroxime (53.75%) and gentamicin (27%). Low level of resistance was found against meropenem (1%), ciprofloxacin (10%) and chloramphenicol (9%). Of all the E. coli isolates obtained, 41 (23%) were multi drug resistant and 2 (1.12%) were both Multi Drug Resistant (MDR) and Pan Drug Resistant (PDR) i.e. resistant to three drugs and above respectively. Only, only 1 Klebsiella spp isolate was MDR. None of the Salmonella spp and Shigella spp was found to be Multi-Drug Resistant. Regular handwashing was found to be a significant risk factor for infection with a pathogenic bacteria (p<0.05: 95% CI: [-0.339-0.127]).  Food handlers who practiced regular handwashing had significantly lower antimicrobial resistance counts based on their incident rate ratios (IRRs) observed (IRR = 0.85, p = 0.029). Conversely, wearing hairnets (IRR = 2.55, p < 0.001) and working in informal eateries (IRR = 1.51, p = 0.005) or middle-level restaurants (IRR = 1.43, p = 0.008) were associated with higher resistance counts.

Conclusion: A high prevalence of diarrheagenic bacterial pathogens (26%) was found among food handler population. There was also notably high levels of antibiotic resistance to commonly used drugs for diarrhea management, with medium and high levels of drug resistance to common first line drugs like erythromycin and amoxicillin-clavulanic acid being observed. Efforts should be made to improve access to clean water for both personal and hotel use for the sake of proper food hygiene practices such as handwashing. Sensitization for increased awareness on the importance of proper handwashing practices should also be done more regularly at the workplaces. All workers should also be medically examined appropriately and regularly before certification and advised to seek proper treatment in case of gastrointestinal illness to ensure proper administration of antibiotics for treatment to reduce potential cases of drug resistance.
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1. Introduction 

Gastrointestinal illness resulting from ingestion of contaminated food and drink is a common cause of illness within the general public (1). These illnesses are caused by food-borne pathogens/enteric pathogens which are passed through food and liquid substances from one person to another. Infections from enteric bacteria are the most common cause of gastrointestinal illness known (2). Person-to-person transmission of foodborne pathogens via ingestion of contaminated food and drink remains a major public health concern, being the main transmission route of enteric pathogens; and various risk factors that are centered on improper hygiene and sanitary practices greatly contribute to the continued infection and dissemination of potential infection (2, 3, 4). 

The food poisoning cases in outpatient facilities/laboratories are estimated to be almost 10 times as much as the actual cases, indicating there is still low reporting, diagnosis and recording of infection rates (1, 5, 6) Despite the lack of adequate information for the Kenyan context, the regional estimate after adjustment for Disability Adjusted Life Years (DALY) is about 29% (7). Diarrheal disease is also the major cause of illness and hospitalization for children under 5 years of age (2, 6). Food handlers are therefore an important population group due to their direct contact with food and therefore they play a major role in the prevalence and transmission of these pathogens. This occurs due to their poor food-handling patterns as well as their own personal hygiene (8, 9, 10). Much attention has been drawn to the contamination of actual food samples and food-processing outlets, for example, livestock and poultry slaughterhouses, analyzing and giving information on contamination levels of the animals and environments, for example, slaughterhouses; but little information is available regarding the people involved in food handling/processing themselves (1, 2, 11). This study was carried out to determine the prevalence of a selection of diarrheagenic enteric bacterial pathogens in food handler populations working in the food catering industry, and the risk factors within their immediate environment that contribute to transmitting infections to the general population as well as their relation to the development of antimicrobial resistance within the bacterial pathogens identified. 

2. Materials and Methods
2.1. Study site and design
The study recruited food handlers working in different low, middle and high-end catering establishments located within different geographic locations of Nairobi. The analysis of collected samples collected in the field was then conducted at the Hospitality Industry Support Program (HISP). This program is located at the Centre for Microbiology Research (CMR) of the Kenya Medical Research Institute (KEMRI). In this programme, medical laboratory tests are performed to certify the personal health of the food handlers involved in processing of food at various levels in selected food outlets. 
The study was a cross-sectional study design that recruited individuals from high-, middle- and low-income food outlets to be able to accurately account for the prevalence of infections across different socio-economic setups. The income-level outlet was determined using the City Council annual license charge fee bracket. 

2.2. Data collection through Questionnaires
Participants included were those who consented to be part of the study and provided stool samples. They were asked to provide details of the nature of their catering establishment from which they worked through a questionnaire and were classified into the clusters of low, middle and high-income setting. The participants further provided personal details on their biodata and other practices related on hygiene at home and in the work places. The food handlers providing the samples were then picked via simple random sampling to ensure equal distribution of participants by income classes and working facilities. The sample collection was carried out between October 2023 and December 2023 with approximately 10-15 participants sampled per day.

2.3. Sample collection and lab culture

Stool samples were collected from the consented participants in stool collection containers (polypots) with a small sample of 5g being provided. The collected samples were then transported in cool-boxes to the CMR Lab immediately for processing. The stool samples were cultured into selective media including: MacConkey agar with salts targeting (pathogenic E. coli and Klebsiella), Salmonella-Shigella agar targeting (Salmonella and Shigella) to check for growth of colonies of various bacteria, with incubation being done for 18-24 hours at 37°C. This was then followed up by biochemical tests to confirm the microorganisms present. The isolates were then stocked in Mueller-Hinton agar before proceeding to AST testing. 
2.4. Antibiotic susceptibility Testing 
The testing for antibiotic susceptibility testing was done using the Kirby-Bauer disk-diffusion method, and was used to check for the susceptibility/resistance of bacterial isolates to commonly prescribed antibiotics. The drugs included in this study were: Amoxicillin-Clavulanic acid (Augmentin) (20:10ųg), Co-trimoxazole, Chloramphenicol (30ųg), Erythromycin, Gentamicin (10ųg), Ciprofloxacin (3ųg), Tetracycline (30ųg), Nalidixic acid (10ųg), Cefepime, Cefotaxime, (30ųg), Cefuroxime (30ųg), Meropenem and Aztreonam. Briefly, the cultures were suspended in normal saline to form a growth that matched a 0.5 McFarland suspension, and swabs derived from the stock solutions were streaked onto Mueller-Hinton agar plates aseptically to allow for growth. The antibiotic disks were then placed at equal intervals and incubated at 37°C and the susceptibilities interpreted according to the Clinical and Laboratory Standards Institute (CLSI) 2021 guidelines based on level of susceptibility i.e. Susceptible (S), Intermediate (I) or Resistant (R). An organism found to be resistant to 2/3 drugs was classified as Multi Drug Resistant, and from 3 or more different antibiotic classes was classified as a Pan-Drug Resistant (MDR) strain.

2.5. Data analysis

Simple descriptive statistics were used to report bacterial isolate results, antimicrobial sensitivity tests and all the other research subject factors recorded during data collection on questionnaires filled by consenting participants. The factors assessed for association to antibiotic resistance, included personal hygiene practices (handwashing before handling food, after toilet use, and washing food/vegetables), demographic factors (gender, age, marital status, number of children), educational and training aspects (level of education, food safety training), workplace and socioeconomic factors (income level of establishments, hotel classification), and water and sanitation factors (source of drinking water, treatment, and method used). The prevalence of E. coli, Klebsiella pneumoniae, Salmonella spp., and Shigella spp. was also examined in relation to antibiotic resistance. 
Data from the individually filled questionnaires as well as from laboratory culture and AST were entered into Microsoft Excel 2010, from where they were exported to Stata 16.1 Software (Stat Corp LLC, College Station, Texas, USA) for statistical analysis. Here, tests of associations via poisson regression analysis were used to analyze the risk factors identified in the study and their relation to the prevalence rates and the antibiotic susceptibility profiles of the diarrheagenic bacterial isolates. 
To assess the association between the antibiotic resistance, a count outcome “AMRC” (antimicrobial resistance count) was computed from the number of times a sample had resistant or intermediate results for all the 11 antibiotics subjected used. Poisson regression model was developed to determine the risk factors associated with the AMRC outcome. Univariable Poisson regression models were initially used to determine associations with the AMRC outcome, and to identify the independent variables eligible for multivariable modeling. Univariable associations with p<0.25 were eligible for multivariable analysis. Candidate variables for multivariable models were checked for collinearity. The risk factor association in the final model was reported as incident rate ratios (IRR) with a P-Value equal or less than 0.05.
3. Results 

3.1. Sample study size and social demographics

A total of 22 field sites were visited across the City of Nairobi in different locations running from low- (8 sites), middle- (7 sites) and high-class (7 sites) food establishments. A total of 319 participants provided fecal samples. There were 104 (32.6%), participants from high level outlets 162 (50%) from middle level outlets and 55 (17%) from the low-income level outlets.
Of the collected 319 samples, 46.8% were females and 53.2% were males. Among the respective genders, 34.8% of females were married while 67.6% were not. Among the males, 51.7% were married while 48.3% were not. The majority of participants sampled (97%) had higher education as their highest level of education (Table 1). 

The majority of participants recruited into the study (63.0%) reported drinking tap water as their main source of water, 30.0% reported drinking bottled water while the remaining few participants (7%) obtained their water from boreholes (Table 1). The larger majority of the study population reported treating their water using various methods such as boiling or use of chemicals before drinking (76.8%) while about 23.2% did not report any form of water treatment before drinking (Table 1).

The majority (76%) of participants also recorded washing hands frequently, both at home and within their work premises before preparing their own meals; as well as regular washing of food and vegetables before consumption (Table 1)

The majority of participants also noted that they used closed toilet systems i.e. flush toilets (92%) while a small minority (8%) used the open toilet system i.e. pit latrines. Both sets of participants nevertheless recorded consistent hand washing after using sanitary facilities (>99%)  (Table 1).
Table 1: Summary of WASH related and income level of catering establishment characteristics of the participants.

	
	No. of participants
	Percentage (%)

	Married

   Come we stay

   Married

   Single 
	1

55

71
	0.79

43.31

55.91

	Level of education 

   Secondary 


   Tertiary (College, uni, e.t.c.)
	             16

111
	        12.60

87.40

	If treated, what method?

   Boiling 

   Chemical 

   Purifier 
	23

36

38
	23.71

37.11

39.18

	Do you wash food & vegetables before cooking/eating at home?

   Yes 

   No
	97

30
	76.38

23.62

	Do you wash your hands before handling food at home? 

   Yes 

   No
	22

75
	22.68

77.32

	Type of toilet used 

   Flush toilet 

   Pit latrine 
	117

10
	92.13

7.87

	Do you wash your hands after use (toilets)? 

   Yes

   No
	126

1
	99.21

0.79

	Do you wash your hands before handling food at the workplace? 

   Yes

   No
	125

2
	98.43

1.57

	What is the income-level of your establishment?

Low

Middle

High
	27

29

71
	21.26

22.83

55.97


3.2. Prevalence of bacterial isolates 

Out of the 319 samples cultured, 885 potential bacterial isolates were obtained as colonies grown on media plates according to the expected growth pattern (lactose versus non-lactose fermenters), and after biochemical identification the diarrheagenic bacterial pathogens of interest to the study being identified were 231 isolates. These were distributed as follows: Escherichia coli (178/885), Klebsiella pneumoniae (47/885), Salmonella spp. (5/885) and Shigella (1/885). 
3.3. Risk factors associated with pathogenic bacterial infection and AMR
Handwashing was shown to be a risk factor associated with presence of infection. Handwashing practice was thus associated with lower antimicrobial resistance counts (IRR = 0.851, p = 0.029) compared to those who did not regularly practice it (Table  2, 3).
The majority of participants in the study indicated regular/effective treatment of water using various purification methods available, and therefore this was shown not to be significantly associated with the potential rate of infection (p>0.05) (Table 2). 

There was no significant correlation between the gender and the prevalence of organisms isolated as well as antibiotic resistance from the study (IRR = 1.02, p = 0.873), showing that both genders had an equal chance of transmitting infection to the general population (Table 2).
There was a significant difference in the distribution of isolates among the different hotel groups; with the middle-income class hotel groups demonstrated a fairly higher distribution of isolates than the higher and low-income class restaurants. Compared to high-end eateries, working in informal eateries (IRR = 1.515, p = 0.005) and middle-level restaurants (IRR = 1.433, p = 0.008) were associated with higher resistance counts (Table 2, 3). 
The presence of Klebsiella spp. was associated with a lower count of resistant and intermediate AST outcomes compared to E. coli (IRR = 0.669, p = 0.000). Salmonella spp. (IRR = 1.836, p = 0.047) and Shigella spp. (IRR = 1.224, p = 0.001) were also associated with higher resistance compared to E. coli (Table 2, 3).
The majority of participants had some basic both formal and informal training on food safety and hygiene practices within their workplace. Training however did not have any association on the risk to infection and antibiotic resistance trends, but wearing a hairnet (IRR = 2.389, p < 0.001) was also associated with a higher count of resistant and intermediate AST outcomes (Table 2, 3).
Washing vegetables as a hygiene practice also showed a marginally significant association with lower resistance (IRR = 0.88, p = 0.308).
Table 2: Univariable Poisson Regression Analysis of Factors Associated with Antimicrobial Resistance Counts for Bacterial Isolates (p ≤ 0.3)

	Variable
	IRR
	SE
	95% CI 
	p-value

	Age
	0.998
	0.002
	0.99 – 1.00
	0.254

	Gender
	1.02
	0.108
	0.82-1.26
	0.873

	Marital Status
	0.98
	0.103
	0.80-1.20
	0.829

	Treat Drinking Water
	0.88
	0.123
	0.69-1.12
	0.308

	Wash Hands
	1.22
	0.134
	0.94 – 1.59
	0.135

	Wash Vegetables
	0.88
	0.123
	0.69 – 1.12
	0.308

	Use antibiotics
	1.215
	0.16177
	-0.1223 to 0.5119
	0.228

	Wear hairnet
	2.389
	0.05352
	0.7659 to 0.9757
	0.000

	Isolated Organism
	
	
	
	0.0001 gp

	E. coli
	Ref
	Ref
	Ref
	ref

	Klebsiella spp.
	0.669
	0.10072
	-0.5993 to -0.2044
	0.000

	Salmonella spp.
	1.836
	0.30654
	0.0067 to 1.2083
	0.047

	Shigella spp.
	1.224
	0.06122
	0.0821 to 0.3220
	0.001

	Work Level
	
	
	
	0.011

	High-end eateries
	Ref
	Ref
	Ref
	ref

	Low-level/Informal eateries
	1.514
	0.14928
	0.1227 to 0.7078
	0.005

	Middle-level restaurants
	1.426
	0.13442
	0.0915 to 0.6185
	0.008


gp- Global P-value for categorical variables 

Table 3: Multivariable Poisson Regression Analysis of Factors Associated with Antimicrobial Resistance Counts at p ≤ 0.05.

	Variable
	IRR
	SE
	95% CI 
	P-value

	Handwashing Practice
	0.8506
	0.0631
	0.7355 – 0.9836
	0.029

	Hairnet (Workers wearing hairnets)
	2.5517
	0.1892
	2.2066 – 2.9508
	0.000

	Work level
	
	
	
	0.0105gp

	High-end eateries
	-
	-
	-
	-

	Informal eateries
	1.5147
	0.2261
	1.1305 – 2.0296
	0.005

	Middle-level restaurants
	1.4332
	0.1934
	1.1001 – 1.8670
	0.008

	Model Constant
	0.9645
	0.2405
	0.5916 – 1.5723
	0.885


gp- Global P-value for categorical variables 

Antibiotic Susceptibility Testing (AST) profiles of Isolates 
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KEY: 

AMC - Amoxicilin; CXM - Cefuroxime; CTX - Cefuroxime; FEP - Cefepime; ATM - Aztreonam; MEM – Meropenem; GEN – Gentamicin; CIP – Ciprofloxacin; SXT – Sulfamethoxazole; ERY – Erythromycin; CHL – Chloramphenicol 

Figure 1: Antibiotic resistance profiles of isolates of E. coli, Klebsiella spp, Salmonella spp and Shigella spp to drugs from various antibiotic drug classes  

Escherichia coli 

High levels of drug resistance in E. coli isolated were observed in erythromycin (100% resistance) (Figure 1). There was also some resistance observed in sulfonamides (sulfamethoxazole), beta-lactams (Amoxicilin/clavulanic acid, aztreonam) and cephalosporins (cefuroxime, cefotaxime, cefepime). The isolates were otherwise susceptible to all other antibiotic drug groups present.

Klebsiella 

High levels of drug resistance in Klebsiella isolates were observed primarily also in erythromycin (100% resistance) like in E. coli (Figure 1). There was also some resistance observed in sulfonamides (sulfamethoxazole) and Beta-lactams (Amoxicilin/clavulanic acid). The isolates showed intermediate susceptibility to 2nd (cefuroxime) and 3rd generation (cefepime) cephalosporins. The isolates were however susceptible to all other antibiotic drug groups present
. 

Salmonella  

Drug resistance by isolates of the above-mentioned organism was observed fully in erythromycin (100% resistance) (Figure 1). There was also some notable resistance observed in monobactams (aztreonam), sulfonamides (sulfamethoxazole), Beta-lactams (Amoxicilin/clavulanic acid). The isolates showed some partial resistance to 2nd generation and 3rd generation cephalosporins respectively (cefuroxime, cefotaxime and cefepime). The isolates were however also susceptible to all other antibiotic drug groups present.

Shigella 

The isolates showed the highest level of resistance to erythomycin as well, penicillins (amoxicillin/clavulanic acid) and floroquinolones (ciprofloxacin) (Figure 1). There was some moderate/intermediate resistance noted to cefuroxime while being generally susceptible to all the other antibiotics present.  
Multidrug resistance 

For the lactose fermenters, out of 178 E. coli isolates, 41 (23%) were Multi drug Resistant and 2 (1.12%) were both Multi Drug Resistant (MDR) and Pan Drug Resistant i.e. three drugs and above (PDR). For the isolates of Klebsiella pneumoniae, only 1 isolate (2.1%) happened to be MDR in nature. For the non-lactose fermenters, (Salmonella spp. and Shigella spp.) none was found to be multi-drug resistant.

4. Discussion
4.1. Demographics 

The results showed that the demographics of the population were nearly a balanced proportion in gender i.e. between men and women. The latter meant that both genders had an almost equal chance of transmitting infection within the general population. The findings here however contradict similar studies conducted in Portugal (12) and Nigeria respectively (13) which showed that the majority (>90%) of the hospitality industry workers were women, as well as a study from Ethiopia (14) which presented the population of female workers at approximately 77%. 

A large proportion (75%) of the participants recruited in this study was between 18-30 years of age. This agrees with a study done demographically with regard to age of the participants (15), but contradicts a study done in Ghana (16) which indicated that the majority of food-handlers were above the age of 30 years.

Marital status was also shown not to be a significant factor in determining the presence of a micro-organism as well as resistance, demonstrating the fact that personal hygiene played a big role in preventing the cycle of transmission (20). 

4.2. Prevalence of bacterial isolates
The high prevalence of E. coli and Klebsiella was expected due to the fact that they are common inhabitants of the gastrointestinal tract, and this was supported by a past study on a similar demographic (11). 

The prevalence of Salmonella and Shigella was fairly low/almost non-existent. These findings were in agreement with a study done on similar food handler populations in Ethiopia (14), as well as in Nigeria (13) who were working in tourist hotels and institutional cafeterias. 
Shigella prevalence is also currently associated more with children than in adults (17) hence the reported low prevalence in the study. The reported low prevalence may have shown good signs of sensitization on proper personal hygiene and safety practices to children of lower ages through the existing school programmes. 

There was no significant difference in the distribution of isolates across the ages suggesting the fact that the common points of exposure to micro-organisms from contaminated food and water were similar to all people (18). 
There was also no significant difference between infections across the food handlers and the different socio-economic levels with their level of education (p>0.05) (2, 6). 
4.3. Antibiotic Susceptibilities of isolates
The drug to which the highest level of resistance observed in this study was erythromycin (97%) and this could be attributed to the fact that it is one of the first line antibiotics. The above observation has been made and demonstrated in a good majority of the past studies (19, 20). 

Another drug to which high resistance was observed in this study was tetracycline and this has been observed in past studies (11, 20, 21) therefore indicating elements of community-acquired resistance within populations. This would thus signal a need to educate these critical people groups further on proper use of antibiotics to reduce development of resistance (22).  

This study also reported high resistance to readily available primary antibiotics like co-trimoxazole and amoxicillin-clavulanic acid which is in line with previous investigations in other regions (15, 17). Unfortunately, some of the above antibiotics are routinely prescribed and readily available over the counter even without proper testing. 

There was complete susceptibility of isolates to gentamicin, as well as for the majority of isolates to ciprofloxacin, which is supported by a study in Kenya (23) and in Burkina Faso (16) that used similar study populations. The findings however differ with a study done within informal settlements (21) highlighting other factors such as the environmental settings may influence the outcome.
However, the majority of isolates were completely susceptible to last line antibiotics like carbapenems as noted in the low resistance to meropenem. These findings were supported by studies done in informal settlements (21). The Multi-drug resistance observed in this study (21%) was also similar to studies (11, 20) supporting the need for a review on the regulations governing antimicrobial prescription and use with the aim of increasing emphasis on efficient lab testing for infections before antibiotic administration, with multi-sectoral approaches could be to be considered in this regard (6, 22). 

5. Conclusion 
Gastrointestinal pathogens continue to remain a major public health concern, with food borne transmission via person-to-person contact continuing to be a major transmission route within the general population leading to illness through food poisoning. This study identified that the prevalence of diarrheagenic enteric bacterial pathogens continue was fairly significant, as well as the rate of antimicrobial resistance by these pathogens to conventional antibiotics used for their treatment. Handwashing as a safety and hygiene (WASH) practice proved to be the most significant factor in determining the rate of spread of person-to-person transmission.  This study therefore recommends that efforts be made to ensure that all food-handlers have access to clean water for use in the workplace to promote proper food hygiene practices e.g. handwashing. Increased regulation of administration and use of antibiotics to infectious illness should also be emphasized to ensure the rates of antibiotic resistance can be reduced and/or eliminated altogether.  
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