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ABSTRACT 

 

Extended spectrum beta-lactamase producing Enterobacteriaceae (ESBL-PE)   represent a threat for 

failure of empirical antibiotic therapy and are associated with high mortality, morbidity and expenses. The aims 

of this study was to determine the prevalence of ESBL-PE and multidrug resistant enterobacteria (MDR), 

enterobacteria profil,  investigate the associated resistance in wastewater and salads. After wastewater and salad 

sampling, enterobacteria was isoled on (EMB + 4µg / L cefotaxim). The stains of Enterobacteriaceae were 

identified by using biochemical methods and confirmed as ESBL by double-disc synergy test 

(amoxicillin/clavulanic acid  with cefotaxime 30 μg, ceftazidime 30 μg and ceftriaxone 30 μg). Finally, the 

associated resistance was investigated by testing the susceptibility of the strains by the disc diffusion method.  

Global prevalence of ESBL-PE was 53.92% (95% CI: 48,2-59,5) (153/293), 61.11%  from wastewater  and 

42.47% from salads. Major ESBL-E was Escherichia coli (73.44%), followed by Klebsiella pneumoniae 

(21.88%). Resistance to the aminoglycoside , fluroquinolonones and sulfonamides classes were dominant, 

observed in 53,83%, 93,86% and 98,95% of the isolates, respectively. The frequence of MDR was hight to 

channel1 (32,40%) and channel2 (26,26%). This study reports very worrying results. There is an urgent need to 

develop measures to monitor the spread of these multidrug-resistant strains. 

© 2020 International Formulae Group. All rights reserved. 
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INTRODUCTION 

The discovery of antibiotics have  been 

a major breakthrough in the human history. 

However, antibiotic resistance is an urgent and 

growing global health concern. By 2050, 

predictions estimate that over 10 million of 

http://www.ifgdg.org/
http://ajol.info/index.php/ijbcs
http://indexmedicus.afro.who.int/


S. SORÉ et al. / Int. J. Biol. Chem. Sci. 14(8): 2746-2757, 2020 

 

2747 

deaths and ≈100 trillion USD total cost derived 

from antibiotic resistance worldwide (Maestre-

carballa et al., 2019). Globally, significant 

amounts of antibiotics used in domestic 

treatments, hospitals and cattle farming end up, 

directly or indirectly, in wastewater 

(Svobodova et al., 2018). This creates 

resistance in the environmental microbiota. In 

addition to this human, animal stool passes 

through sewage channels through runoff. All 

these show that wastewater is thus considered 

to be hotspots for dissemination of antibacterial 

resistance into the environment (Rousham et 

al., 2018). Multidrug-resistant bacteria have 

been detected from various wastewater 

resources, which is an underappreciated 

exposure route for the dissemination of 

resistant bacteria. This wastewater is 

sometimes used  to water salad, lettuce, 

tomatoe (Ouedraogo et al., 2018). In Sub-

Saharan Africa, 50 to 90% of the vegetables 

consumed by city dwellers are produced in 

urban or peri-urban areas mainly with 

wastewater (Drechsel et al., 2006). In addition, 

the demographic growth of the city generates 

an increase in food needs, especially market 

garden products. However, due to the lack of 

irrigation water in urban and peri-urban areas, 

farmers resort to wastewater, which is often 

untreated or poorly treated, which is a potential 

source of multidrug-resistant bacteria from 

households, hospitals and farms (Sou, 2009). 

The city of Ouagadougou is largely supplied 

with market gardening products using water 

from dams, wells and boreholes, but above all 

wastewater, the quality of which remains 

questionable. Among multidrug-resistant 

bacteria (MDRB),  Extended-spectrum β-

lactamase (ESBL)-producing  

Enterobacteriaceae have increased in 

occurrence globally in health care systems, 

agro-ecosystems, and fresh produce, due to the 

widespread use of broad spectrum antibiotics 

(Ye et al., 2017). Recently, the World Health 

Organization (WHO) listed the extended-

spectrum β-lactamase-producing 

Enterobacteriacae (ESBL-PE) as a priority 

pathogen for the research and development of 

newer drugs (WHO, 2014). The acquisition 

and expression of the ESBL resistance genes 

lead to the ability of Enterobacteriacae to 

hydrolyze and resist several types of β-lactam 

antibiotics, including the third-generation 

cephalosporins, monobactams except 

cephamycins and carbapenems (Gundran et al., 

2020). Infections caused by multidrug resistant 

bacteria are associated with higher mortality, 

morbidity and healthcare costs (Ndir et al., 

2016). Enterobacteriacae producing extended-

spectrum-β-lactamases (ESBLs) represent 

main challenges to antibiotic therapy, with 

increasing prevalence rates throughout the 

world (Doi et al., 2017). In Burkina Faso, the 

number of clinical infections with ESBL-

producing organisms is increasingly high 

(Ouedraogo et al., 2016). Precise information 

about the spreading of ESBL-organisms 

influenced by wastewater systems and food is 

poorly known. However contamination of 

multidrug-resistant Enterobacteriaceae onto 

fresh produce occurs through the use of 

contaminated irrigation water or human fecal 

contamination (Blaak et al., 2014) Subsequent 

transfer to humans can happen through 

consumption of raw vegetables, potentially 

impacting consumer health negatively (Ye et 

al., 2017). Current knowledge concerning the 

presence of ESBL-producing enterobacteria on 

fresh vegetables in Burkina Faso is limited 

because there are few study has been carried 

out. The aim of this study was to detect, 

identify, and characterize ESBL-producing 

Enterobacteriaceae isolates from wastewater 

and marketed salads frequently consumed in 

Ouagadougou. 

 

MATERIALS AND METHODS 

Wastewaster and salad leaves collection 

Wastewater samples (180) (each with 

the volume of 500 mL) were collected into 

sterile bottles, transported to the laboratory at a 

temperature of 4 °C. In addition to wastewater 

a total of 113 salads samples were collected 

from 9 sellers from two vegetable markets from 

January 2020 to June 2020. In this informal 

markets, street traders display salad, fresh 

produce on a table, underneath a shade 

covering, at the roadside, or they use mobile 

trolleys. All samples were transported in cooler 

boxes and stored at 4 °C. 



S. SORÉ et al. / Int. J. Biol. Chem. Sci. 14(8): 2746-2757, 2020 

 

2748 

Type, period of study  and sample 

processing 

This was a prospective cross-sectional 

study from January 2020 to June 2020. Three 

sewage channels and two salad markets were 

used for sampling. It was: 

- Wastewater from channel1 , located behind 

Yalgado Ouedraogo University Hospital 

(CHU-YO), which take waste coming from 

nursing and domestic;  

- Wastewater from Paspanga (Ouagadougou 

city quarter) channel named channel2 

situaded on middel of domestic build, 

which receives waste coming from 

domestic, commercial and industrial. 

- Wastewater from the third channel named 

channel3, located in front of remand and 

correctional house of Ouagadougou, which 

receives wastewater from the surrounding 

residents, commercial buildings, domestic 

were chosen for sampling. 

- Wayalghin and Tanghin vegetable market 

where a total number of 113 feet of salads 

were collected from 9 sellers chosen at 

random (Figure 1).  

- After homogenizing the wastewater bottles, 

10 ml was used to centrifuge 2500 rpm for 

5 min. 

- Each head of salad sample was aseptically 

cut into a sterile bag containing 20 mL 

distilled water, 10 ml of this was blended in 

2500 rpm for 5 mn.                  

 

Isolation and identification of 

enterobacteriaceae 

On January to June 2020 a total of 101 

wastewater in direct contact of human and 

animal to the water were screened. 10 mL of 

wastewater was centrifuge and seeded broth-

heart-brain (HiMedia, india) and incubated for 

overnight at 37˚C to improve the 

bacteriological yield (Lauderdale et al., 2010). 

After this enrichment, 10 µl of the broth was 

transferred to Eosine methylen bleu (EMB) 

agar (HiMedia, india) supplemented with 4 µg 

/ L of cefotaxim and incubated at 37 ° C for 24 

hours. Predominant colonies of different 

morphotypes were identified to species level 

by using phenotypic characteristics, Gram 

staining, oxidase, and fermentation tests. 

Bacteria Gram-negative, oxidase negative and 

fermentation-positive isolates were 

biochemically identified by using in-house 

biochemical tests (Triple Sugar Iron Agar, 

Sulfur-Indole-Motility test, Simmons´s citrate 

agar, and urease test). 

 

Phenotypic ESBL/AmpC testing  

All enterobacterial isolates were 

screened for ESBL production by the double-

disk synergy test (DDST) using cefotaxime 30 

μg, ceftazidime 30 μg , ceftriaxone 30 μg and 

amoxicillin/clavulanic (20/10 μg ) . Phenotypic 

detection of AmpC production was carried out 

for enterobacteriacae strains that were either 

resistant to cefoxitin and/or resistant to ≥3 β-

lactam antibiotics (CA-SFM, 2013). 

 

Antimicrobial susceptibility testing 

Presumptive ESBL-producing 

Enterobacteriaceae isolates were analysed by 

Kirby-Bauer disk diffusion technique to 

determine the resistance patterns of the 

isolates(CA-SFM, 2013). The strains were 

tested for susceptibility to antimicrobial 

susceptibility using the cefotaxime (CTX 30 

μg), ceftazidime (CAZ  30 μg), ceftriaxone 

(CRO 30 μg), cefoxitine (FOX 30 μg), 

amoxicillin/clavulanic (AMC (20/10 μg), 

imipinem (IPM 10 μg), gentamicin (CN 10 μg), 

ciprofloxacin (CIP,5 μg), 

trimethoprim/sulfamethoxazole 

(SXT,1.25/23.75 μg), (Oxoid Ltd., 

Basingstoke,UK). Zones of inhibition were 

measured with a precision caliper. Isolates 

exhibiting resistance to at least three 

antimicrobial agents tested were considered as 

multidrug-resistant strains (CA-SFM, 2013). 

Zone diameters were compared with the 

EUCAST criteria to determine if isolates were 

resistant, intermediate, or susceptible.  

 

Quality control 

Standard operating procedures have 

been strictly followed. The expiration dates of 

culture media, reagents and other consumables 

have been checked and documented. A 

verification of the contaminants of the media 

already prepared was carried out by sterility 

test. A quality control was carried out in order 
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to test fertility of media. Each new batch was 

checked before use by testing Escherichia coli 

ATCC 25922 which is one of the standard 

control strains. During the detection of ESBL-

PE, Klebsiella pneumoniae ATCC 700603 

(ESBL-PE positive) and Escherichia coli 

ATCC 25922 were used as controls for this 

study. 

Statistical analysis  

Data entry was performed on Excel 

2013 and statistical analysis of the results using 

XLSTAT 2020 version 3.1. The figures were 

produced using Excel 2013. A p-value <0.05 

was considered significant. Chi-square test was 

used to analyze variables.

 

 
 

Figure 1 : Wastewater and fresh salads sampling sites. 

 (Kêdowidé et al., 2010).  
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RESULTS 

Prevalence of ESBL-PE in wastewater and 

marketed salad 

The 293 samples analysed originated 

mostly from wastewater channels (n=180) and 

salads leaves (n=113).  ESBL-PE isolates were 

detected in 158 out of 293 wastewater and 

salads sample analyzed (53.92%)(95% CI = 

48.2–59.5). Prevalence obtained from 

wastewaster used for irrigation was 61.11% 

(110 of 180 ) and from salads heads sampled 

was 42.47% (48 of 113) (Table 1). There is 

significant difference in the prevalence rate 

between wastewater samples and salads 

samples (p = 0.002). In the origin of water 

sample the prevalence was the highest in 

channel3 and channel1, 93.33% and 56.67% 

(p˂0.0001) respectively (Table1). 

 

Prevalence of presumptive ESBL-AMPc-

producing Enterobacteriaceae 

A total of 293 from three wastewater 

and salads samples were further analysed. 

Combined ESBL- and AmpC-producing 

phenotypes were observed in 19 of 293 

(6.48%)(95% CI : 4.2-9.9) of  the isolates. 

Prevalence of phenotype ESBLs +AmpC was 

highest in channel2 (13.3%), followed by 

channel1 water (11.11%) and salad (1.56%) 

(Figure 2).  

 

Bacteriological profile of ESBL-PE 

ESBL-PE  isolates were identified as 

Escherichia coli (73.44%),  Klebsiella 

pneumoniae (21.88%) Klebsiella oxytoca, 

Serratia spp and Citrobacter spp (Table 2). 

 

Susceptibility of ESBL-PE to antibiotics 

isolates in wastewater and marketed salad in 

Ouagadougou 

The antibiogram of ESBL-PE isolates is 

given in Figure 3. All isolates were sensitive to 

carbapenems . A high resistance rate was 

observed in ciprofoxacin (93.75% in 

wastewater and 65.50% for salads leaves), 

gentamicin (45.83% in wastewater and 79.17% 

in salads leaves), sulfamethoxazole – 

trimethoprime (98.61% in wastewater and 

100% salads leaves) and 

amoxicillin/clavulanic acid (85.42% in 

wastewater and 91.67% salads leaves). 

Absolute resistance was observed in 

cefotaxime (100%), ceftriaxone (100%) and 

ceftazidime (100%)  

 

Distribution of multi-drugs resistantance 

Enterobacteria and associated resistance  

ESBL-producing Enterobacteriaceae 

resistant to more than three antimicrobial 

classes, was 179/192 (93.23%)(95% CI = 

88.8–96.0). Resistance to the aminoglycoside , 

fluroquinolonones and sulfonamide classes 

were dominant, observed in 53.83%, 93.86% 

and 98.95% of the isolates, respectively. 

Among site of sampling, frequence of MDR 

were hight to channel1 (32.40%) and channel3 

(26.26%) (Figure 4).

 

Table 1 : The frequence of ESBL producing Enterobacteriaceae isolated from wastewater and salads 

leaves according to site of sampling. 

 

Origin location No of Positive Prevalence (%) No of Sample 95% CI 

Wastewater Channel1 51 56,67 90 46,4-66.4 

Channel2 31 51,67 60 39,3-63,8 

Channel3 28 93,33 30 78,6-98,2 

Salads leaves W Market 25 39,06 64 28,0-51,3 

T Market 23 46,94 49 33,7-60,6 

 Total 158 53,92 293 48,2-59,5 

No: number, W market: walyalguin vegetable market, T market: Tanghin vegetable market; CI :confidence interval. 
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W market: walyalguin vegetable market, T market: Tanghin vegetable market. 

 

Figure 2 : The frequency of presumptive conjugative ESBL/AmpC isolates from wasterwater and 

salads leaves in Ouagadougou. 
 

 

Table 2 : Percentage of isolated ESBL-PE strains from wastewater and salads leaves in Ouagadougou. 

 

ESBL-PE Wastewater Salads leaves Total 

n % n % n % 

Escherichia coli 135 93,75 6 12,50 141 73,44 

Klebsiella pneumoniae 7 4,86 35 72,92 42 21,88 

Klebsiella oxytoca 1 0,69 0 0,00 1 0,52 

Serratia spp 1 0,69 0 0,00 1 0,52 

Citrobacter spp 0 0,00 7 14,58 7 3,65 

Total 144 100,00 48 100,00 192 100,00 
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     AMC: amoxicillin/clavulanic; SXT: trimethoprim/sulfamethoxazole; WW: wastewater. 

 

Figure 3: Antimicrobial resistance pattern of extended-spectrum β-lactamase-producing 

enterobacteriacae  isolates from wastewater and salads. 

 

    W market: walyalguin vegetable market; T market: Tanghin vegetable market. 

 

Figure 4 : Repatition of MDR isolates from wastewater and salads leaves in Ouagadougou. 
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DISCUSSION 

Prevalence of ESBL-PE in wastewater and 

marketed salad 

High global prevalence (53.92%) of 

ESBL-PE was seen in isolates from wastewater 

and salads. This high frequency could be 

explained by the fact that in Burkina Faso, the 

use of antibiotics is excessive and not 

controlled in human and animal health 

(Samandoulougou et al., 2015). In addition, the 

remains of the antibiotics used and the faeces 

are poured into the hospital and domestic 

evacuation channels (Akiba et al., 2015; Lan et 

al., 2019) . Their presence in the environment 

could lead to the emergence of antibiotic-

resistant bacteria. Even if antibiotics 

consumption were reduced, the existing 

concentrations of antibiotics and the resulting 

selective pressure on bacterial communities 

could persist in the environment for long 

periods of time (Osinka et al., 2016). Other 

authors have shown that there is a high 

concentration of antibiotics in the environment 

and the presence of ESBL-PE in the 

environment including wastewater and salads 

(Sallem et al., 2012; Thevenon et al., 2012). 

However in the city of Ouagadougou, capital of 

Burkina Faso, the practice of horticulture is 

booming. It is conducted around any accessible 

water point, both inside and on the outskirts of 

the city. The investigations showed that 75% of 

the farmers use wastewater for their activities 

(Ouedraogo et al., 2018). Therefore, this high 

prevalence of ESBL-PE detected in salads 

could increase human fecal carriage if the 

microbial flora of the salads is not well 

inactivated by washing with sodium 

hypochlorite. Analysis of the antibiotic 

susceptibility revealed that a high percentage 

(93.23%) of the multidrug-resistance 

phenotype isolated from wastewater and salad, 

and the prevalence was higher than that 

previously reported in south china (Tao et al., 

2010) and was even higher than the common 

antibiotic resistance profiles of 

Enterobacteriaceae in aquatic environments 

(Maravić et al., 2015). This frequency of 

multiresistant enterobacteria isolated in the 

environment could be concealed in humans and 

animals by the consumption of water and 

contaminated food. 

 

Bacteriological profile of ESBL-PE 

Among the ESBL-PE, the most isolated 

were Escherichia coli and Klebsiella 

pneumoniae both in wastewater and in salads, 

with frequencies of 73.44% and 21.88% 

respectively. Escherichia coli have been 

implicated in foodborne disease out-breaks, 

while Klebsiella pneumoniae, Serratia spp, 

Citrobacter spp, and Enterobacter spp. are 

regarded as opportunistic human pathogenic 

bacteria (Baylis et al., 2011). Subsequent 

transfer to humans can happen through 

consumption of raw vegetables, potentially 

impacting consumer health negatively (Ye et 

al., 2017). Indeed  Escherichia coli represents 

80% of urinary tract infections and are also 

implicated in suppurative infections. As for 

Klebsiella pneumoniae, it is implicated in 

respiratory and postoperative infections. This 

high proportion of these two species among 

ESBL-PE is the cause of treatment failure for 

the infections that they may bring about. Most 

studies carring on ESBL-PE isolate in 

environnement have shown a predominance of 

Escherichia coli which may host a gene located 

on a plasmid which codes for the production of 

ESBLs, which would facilitate the transfer to 

other bacteria, which justifies a multitude of 

enterobacteria (Escherichia coli, Klebsiella 

pneumoniae, Klebsiella oxytoca, Citrobacter 

spp) among ESBL-PE. This predominance of 

the species Escherichia coli and Klebsilla 

pneumoniae in wastewater is linked to the fact 

that these two E-ESBLs are also the most 

isolated in digestive carriage in humans and 

animals (Ouédraogo et al., 2017; Sanou et al., 

2019). In addition, these enterobacteria are the 

most isolated in infectious pathology in three 

hospitals in Burkina faso (Kpoda et al., 2017).  

 

Susceptibility rate of ESBL-PE to 

antibiotics in wastewater and marketed 

salad in Ouagadougou 

The ESBL-PE showed any resistance to 

imipenem. These enterobacteria were also 

showed resistance to ciprofoxacin (93.75% in 

wastewater and 65.50% for salads leaves), 
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gentamicin (45.83% in wastewater and 79.17% 

in salads leaves) and sulfamethoxazole – 

trimethoprime (98.61% in wastewater and 

100% salads leaves). This high resistance to 

fluoroquinolones, aminoglycosids and 

sulfamethoxazole – trimethoprime is probably 

due to their easy access, their increased use and 

non-control of these antibiotics on the market. 

Fluoroquinolone-resistant ESBL-PE is a 

concern in human medicine because this family 

of antibiotics are commonly used for treatment 

of urinary tract infections (Gundran et al., 

2020). Apparently, gentamicin is the most 

common antibiotic under the aminoglycoside 

family used in our country. In addition to this, 

the plasmids carrying genes encoding ESBLs 

also carry other genes conferring resistance to 

fluoroquinolones, aminoglycosides, 

cotrimoxazole (Ouédraogo et al., 2017).  

 

Distribution of multi-drugs resistantance 

Enterobacteria and associated resistance 

Of the 192 ESBL-PE isolates, 179 

isolates (93.23%) showed multidrug resistance, 

that is resistance to at least three antimicrobials 

(Figure 3). This high prevalence of MDR 

Enterobacteriacae, was 94.40% in wastewater 

and 91.66% salads. The highest MDR was 

observed for E. coli, Klebsiella spp, 

Citrobacter spp  isolates obtained from water 

and salads. These strains showed resistance to 

antimicrobial classes of β-lactams, 

aminoglycosids, fluoroquinolone, and 

sulfonamide. The fact that salads can serve as 

a reservoir of MDR ESBL/AmpC-producing 

Enterobacteriaceae. It constitutes a potential 

health risk to the consumer, because this is used 

to treat human infections (Richter et al., 2019). 

Antimicrobial resistant Enterobacteriacae 

contaminants in salads or vegetable can be a  

factor of risk for the spread of community 

acquired antimicrobial resistance via the 

consumption of fresh produce. This is similar 

to reports from similar studies that showed 

prevalence of MDR (96.1%) and  resistance to 

aminoglycosides (46.7–66.7 ) in ESBL-

producing Enterobacteriaceae ( Zurfluh et al., 

2015; Richter et al., 2019). 

 

 

Conclusion 

We report the results of the first 

investigation of the detection, identification 

and characterization of ESBL- producing 

Enterobacteriaceae isolated from wastewater 

and salads leaves in Ouagadougou. This work 

showed that wastewater and salads are 

important vehicles for the dissemination of 

ESBL producing enterobacteria. Therefore, 

close surveillance of antimicrobial resistance in 

bacteria from waste and food-producing should 

be established as a priority. In addition, 

strategies to control living of hospital  and 

domestic waste in channel must be develop to 

trait wastewater before using to water salads, 

vegetable and lettuce. 
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