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INTRODUCTION
Fresh vegetables are well recognized as important parts of a 
nutritious and healthy diet of human worldwide. Therefore, 
consumers demand the variety and availability of these prod-
ucts all year round. This has impacted international trade in 
Ukraine, where many fresh fruits and vegetables are imported. 
Currently, Ukraine is a importer of fresh fruits and vegetables 
year round (leafy greens, soft fruits, citrus fruits, grapes, cauli-
flower, broccoli, onions, bananas, beans and carrots, peppers, 
tomatoes, avocados, cucumbers and asparagus).

In recent years, internationally, there has been an increas-
ing the number of outbreaks of fresh produce-associated 
foodborne illness and efforts are being made to resolve these 
problems [1-5]. Are more frequently linked to these outbreaks; 
for example, leafy greens, such  as lettuce [6] and spinach [7, 
8], and fresh herbs, such as parsley and basil [9, 10], green 
onions [6], tomatoes [11], watermelon [12], are well-recog-
nized potential sources of bacterial infections [4, 5, 7, 9]. As 
with other countries, Ukraine has seen an increased number 
of foodborne illness outbreaks linked to fresh produce in the 

last decades. However, there are no published data on human 
outbreaks associated with fresh vegetables in Ukraine.

The potential for transfer of antibiotic-resistant bacteria 
from fresh vegetables into the human population is cause for 
concern. The success of treating infectious patients, including 
in foodborne outbreaks, depends on many factors, including 
resistance to infectious agents due to antimicrobial activity. 
Optimally, a given antibiotic should be selected based on 
the safety profile and local drug susceptibility. However, 
in Ukraine, there is no targeted surveillance for emerging 
microbiological hazards including antibiotic-resistance bac-
teria contamination in fresh vegetables at the retail level. The 
previous reports of antimicrobial resistance in Ukraine have 
been limited only to healthcare-associated infections [13, 14]. 

THE AIM
The aim of this study was to obtain the first estimates data 
on the occurrence of antibiotic-resistant bacteria in a wide 
range of fresh vegetables available in the Kyiv city markets.
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ABSTRACT
The aim: To obtain the first estimates data on the occurrence of antibiotic-resistant bacteria in a wide range of fresh vegetables available in the Kyiv city markets.
Materials and methods: We performed a multicenter study. Fresh vegetables samples were collected of the six different commodity groups from eleven of retail stores located 
in Kyiv, Ukraine. Samples were tested for up to eight bacteria of concern. The susceptibility to antibiotics was determined by disk diffusion method according to the European 
Committee on Antimicrobial Susceptibility Testing. 
Results: The antibiotic-resistant bacteria contamination in the fresh vegetables was 24.3%. The contamination among organic produce was significantly higher than in 
conventionally products. Contamination was found to be higher in leafy vegetables. The predominant contaminated bacteria were: Escherichia coli, Enterobacter spp. and 
Enterococcus faecalis, followed by Klebsiella pneumoniae, Pseudomonas aeruginosa, E. faecium, Staphylococcus aureus and Acinetobacter spp. The overall proportion of extended 
spectrum beta-lactamase (ESBL) production among Enterobacteriaceae was 36.8% and of methicillin-resistance in S. aureus (MRSA) 10.7%. The prevalence of ESBL production 
among E. coli isolates was significantly higher than in K. pneumoniae. Vancomycin resistance was observed in 3.1% of isolated enterococci (VRE). Carbapenem resistance was 
identified in 35.3% of P.aeruginosa isolates and 66.8% of Acinetibacter spp. isolates. Resistance to third-generation cephalosporins was observed in 9.7% K. pneumoniae and 
E.coli in 14.2% isolates.
Conclusions: Research has shown that the majority of fresh vegetables available in Kiev markets is contaminated with antibiotic-resistant bacteria and is a potential vehicle 
for the transmission of these pathogens to consumers.
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MATERIALS AND METHODS

STUDY DESIGN AND SAMPLING COLLECTION
We performed a multicenter study. Samples were collected 
between January 1st, 2017 and December 31st, 2019 for each 
of the six fresh vegetables commodity groups (leafy vegetables, 
leafy herbs, green onions, cucumbers, berries and tomatoes) 
from eleven of retail stores located in Kyiv, Ukraine. 

The retail stores were selected based on geographic and 
demographic considerations and the corresponding num-
ber of samples was collected in proportion to the relative 
population of the respective areas of Kyiv city, Ukraine. The 
goal of this sampling approach was to obtain a large set of 
samples that would be representative of the targeted food 
commodities available to Ukrainians in Kyiv city at retail 
during the time of the study (Table I). 

The number of fresh vegetables samples collected in each 
season was impacted by the availability of the targeted 
commodity in the Ukrainian market at the time of sam-
pling. Domestic samples were collected during the summer 
months and imported samples were collected primarily 
in the fall, winter and spring months. The target sample 
population consisted of all units of the targeted commodity 
available at retail to consumers as per the sampling design.

MICROBIOLOGICAL METHODS
In this study samples from fresh vegetables were analysed 
for the presence of up to eight bacterial species (Staphylo-
coccus aureus, Enterococcus faecalis, Enterococcus faecium, 
Escherichia coli, Enterobacter spp., Klebsiella pneumoniae, 
Pseudomonas aeruginosa, and Acinetibacter spp.) using 
the methods published in Ministry of Health of Ukraine 
Compendium of Analytical Methods for the Microbio-
logical Analysis of Foods. These methods have been fully 
validated for the analysis of fresh fruits and vegetables and 
are used for the regulatory testing of foods and in food 
safety investigations. The analyses of bacterial pathogens 
were performed using enrichment methods, confirmed 
by isolation, purification and identification procedures. 
These analyses were done on 25 g of sample. Samples where 
bacterial pathogens were detected and confirmed in 25 
g of products, or where generic E. coli levels were found 
to be >100 CFU or MPN/g, were reported as positive. 
Microbial isolates were identified using standard micro-
biological techniques, including automated microbiology 
testing (Vitek-2; bioMe´rieux, Marcy l’Etoile, France), and 
antibiotic susceptibility testing was performed by using the 
disk diffusion method (Kirby – Bauer antibiotic testing). 
Isolates were categorized as susceptible or resistant by 
Clinical and Laboratory Standards Institute criteria (CLSI, 
2013). Strains in the intermediate range were classified as 
resistant for data analysis.

ETHICS
The study was approved by the Ethics Committee of Shupyk 
National Medical Academy of Postgraduate Education 
(Kyiv, Ukraine).

STATISTICAL ANALYSIS
A statistical methodology was developed to investigate the 
presence of the seven bacterial species in the chosen fresh 
vegetables over the three years of sampling. The analyses 
are based on the percentage of positive samples for a given 
bacterial species and for all bacterial species combined 
(i.e., global sample result). The analysis of statistical data 
was performed using Excel (Microsoft Corp., Redmond, 
WA, USA). Results are expressed as median (range), mean 
standard deviation for continuous variables, and number 
and corresponding percentage for qualitative variables. The 
estimated prevalence is defined as the overall percentage 
of positive samples – either for a given bacterium or for all 
bacteria studied (global sample result). The Wilson con-
fidence interval (i.e., a two-sided 95% confidence interval 
for the proportion) was used to estimate the prevalence 
of bacteria. Statistical significance was defined as P <0.05.

RESULTS 

ANTIBIOTIC-RESISTANT BACTERIA 
CONTAMINATION 
A total 13,694 of fresh vegetables samples for six different 
commodity groups were collected and tested for the presence 
of a variety of bacteria over a three year period (January 1st, 
2017 and December 31st, 2019). The prevalence of the anti-
biotic-resistant bacteria contamination in fresh vegetables 
was 24.3% (3,326/13,694) [95% CI 24%, 24.6%, p <0.0001]. 

The contaminated fresh vegetables samples consisted of 
imported and domestic products (3.1% and 21.2%, respec-
tively), including a conventionally and organically grown 
products (5.1% and 19.2%). The prevalence of the bacterial 
contamination were: leafy vegetables - 34.6% [95% CI 33.6%, 
35.6%, p <0.0001], leafy herbs - 40.4% [95% CI 39.5%, 41.3%, 
p <0.0001], tomatoes - 8.6% [95% CI 8.0%, 9.2%, p <0.0001], 
green onions - 15.9% [95% CI 15.1%, 16.7%, p <0.0001], 
cucumbers - 11.6% [95% CI 10.9%, 12.3%, p <0.0001] and 
berries - 30.7% [95% CI 29.7%, 31.7%, p <0.0001]. Positive 
rates and prevalence of bacterial contamination in all com-
modities are summarized in Table II. 

The predominant contaminated fresh vegetables were: 
strawberries (73%, 95% CI 71.1%, 74.9%), parsley (66.1%, 
95% CI 64.3%, 67.9%), dill (42.3%, 95% CI 40.0%, 44.4%), 
cilantro (40.4%, 95% CI 38.3%, 42.5%), leaf lettuce (38.9%, 
95% CI 36.7%, 40.9%), spinach (38%, 95% CI 36.0%, 
40.0%), basil (35.4%, 95% CI 33.4%, 37.4%) and  mixed 
greens (33.2%, 95% CI 31.2%, 35.2%), followed by head 
lettuce (26.4%, 95% CI 24.9%, 29.1%) and blueberries 
(26.1%, 95% CI 24.1%, 28.1%). Low bacterial contamina-
tion has been found in tomatoes (8.6%, 95% CI 8.0%, 9.2%), 
raspberries (10.7%, 95% CI 9.2%, 12.2%) and cucumbers 
(11.5%, 95% CI 10.9%, 12.3%).

BACTERIAL PATHOGENS IN FRESH VEGETABLES
A total of 8179 strains isolated from 3326 contaminated 
fresh vegetables. Gram-positive organisms accounted for 
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27% [95% CI 26.5%, 27.5%, p <0.0001] of all strains and 
gram-negative organisms accounted 73% [95% CI 72.5%, 
73.5%, p <0.0001], respectively. Enterobacteriaceae were 
the most frequently isolated group of organisms from 
contaminated fresh vegetables (64.3%, 95% CI 63.8%, 
64.8%, p <0.0001). The predominant pathogens were: 
E. coli (35.8%, 95% CI 35.3%, 36.3%), Enterobacter spp. 
(17.8%, 95% CI 17.4%, 18.2%) and E. faecalis (17.1%, 95% 
CI 16.7%, 17.5%), followed by K. pneumoniae (10.7%, 95% 
CI 10.4%, 11%), P. aeruginosa (6.5%, 95% CI 6.2%, 6.8%), 
E. faecium (6%, 95% CI 5,3%, 6,7%), S. aureus (4%, 95% 
CI 3.8%, 4.2%) and Acinetobacter spp.(2.2%, 95% CI 2.0%, 
2.4%) (Table III and IV). 

ANTIMICROBIAL RESISTANCE
Because most commensally bacteria have natural gene 
transfer mechanisms and can be resistant to multiple 
antimicrobials, it is important to characterize the strains 
that have been isolated from food. Antimicrobial suscep-
tibility tests were performed on a total of 2260 isolates of 
Gram-positive cocci and 5919 gram-negative organisms. 
The antimicrobials used in antimicrobial susceptibility 

testing included those commonly used as therapeutic 
agents. Varying degrees of resistance to most antimicrobials 
tested were found.

The staphylococcal isolates displayed a remarkable re-
sistance to penicillin (83.1%) and erythromycin (65.2%), 
although there were some differences depending on the 
fresh vegetables. Staphylococcal isolates showed suscepti-
bility to most of the other antimicrobials tested. No strains 
resistant to linezolid, teicoplanin, vancomycin, tigecycline, 
and fusidic acid were found. Methicillin-resistance was 
observed in 10.7% of S. aureus. Regarding the genus Entero-
coccus, E. faecalis isolates and E. faecium were not sensitive 
to those antibiotics to which they are intrinsically resistant 
(cefuroxime, clindamycin, and trimethoprim-sulfamethox-
azole) and 85.3% of them were resistant to erythromycin. 
Approximately, 19% of the E. faecalis isolates displayed 
resistance to high levels of aminoglycosides (gentamycin, 
tobramycin) and around 7.9% was resistant to quinolones 
(ciprofloxacin and levofloxacin), and 4% to glycopeptides 
(vancomycin and teicoplanin). Vancomycin resistance was 
observwd in 3.1% of isolated enterococci (VRE).

The overall proportion of extended spectrum be-
ta-lactamases (ESBL) production among Enterobacte-

Table I. Number of samples by commodity groups

Commodity Total
(n = 13694)

Number of samples

Product Origin Production Type

Domestic Imported Conventional Organic

Leafy Vegetables 2132 1594 538 465 1667

Leafy Herbs 2812 2390 422 597 2215

Tomatoes 2332 1007 1325 996 1336

Green Onions 2014 1738 276 131 1883

Cucumbers 2212 955 1257 936 1276

Berries 2192 1499 693 716 1476

Table II. Bacterial contamination in fresh vegetables

Commodity Number
of samples

Number of positive samples

Product Origin Production Type

Domestic Imported Conventional Organic

Leafy Vegetables 2132 642 
(30.1%)

96 
(4.5%)

112 
(5.3%)

626 
(29.3%)

Leafy 
Herbs 2812 1012  

(35.6%)
124 

(4.4%)
167 

(5.9%)
969 

(34.1%)

Tomatoes 2332 145 
(6.2%)

56 
(2.4%)

58 
(2.5%)

143 
(6.1%)

Green Onions 2014 289
 (14.3%)

32 
(1.6%)

93 
(4.6%)

228 
(11.3%)

Cucumbers 2212 240 
(10.8%)

16 
(0.7%)

76 
(3.4%)

180
 (8.1%)

Berries 2192 579 
(26.4%)

95
 (4.3%)

189 
(8.6%)

485
 (22.1%)

Total 13694 2907  
(21.2%)

419 
(3.1%)

695 
(5.1%)

2631 
(19.2%)



Aidyn G. Salmanov et al. 

86

riaceae was 36.8%. The prevalence of ESBL production 
among E. coli isolates was significantly higher than in 
K. pneumoniae (33.5%, vs 14.8%, p < 0.001). E.coli was 
most sensitive (>95%) to ertapenem (100%), cefotaxime 
(99.1%), ceftazidime (99.4%), fosfomycin (98.7%), imi-
penem (98.9%), piperacillin/tazobactam (97.3%), and 
gentamycin (94.5%) but least susceptibility (<70%) was 
observed for moxifloxacin (54.2%), cefuroxime (65.8%), 
amoxicillin (67.3%), and levofloxacin (68.5%). Resistance 
to third-generation cephalosporins was observed in 14.2% 
E.coli isolates. No strains of E.coli resistant to ertapenem 
were found. Enterobacter spp. isolates ones exhibited a 
noticeable percentage of resistance against ampicillin/
sulbactam (61.9%), amoxicillin/clavulanic acid (60.2%), 
ciprofloxacin (47.8%), clindamycin (52.2%), ampicillin 
(52.1%), amikacin (43.8%), and gentamycin (43.5%), 
cefaperazon (41.3%) and ceftriaxon (34.1%). No strains 
of Enterobacter spp. resistant to cefepime, meropenem, 
imipenem, and ertapenem were found. K. pneumoniae 
isolates showed susceptibility to most of the other an-
timicrobials tested, while these isolates ones exhibited 
a noticeable percentage of resistance against ampicillin 
(51.5%), amoxicillin/clavulanic acid (41.4%), ofloxacin 
(33.1%), and ciprofloxacin (29.7%). No strains resistant to 
piperacillin/tazobactam and ertapenem were found. Re-

sistance to third-generation cephalosporins was observed 
in 9.7% K. pneumoniae isolates. Carbapenem resistance 
was identified in 35.3% of P.aeruginosa isolates and 66.8% 
of Acinetibacter spp. isolates.

In isolates from fresh vegetables, the proportions of 
ESBL production were higher in domestic products (33.1% 
vs 3.7%, p < 0.001). Compared with organic production, 
isolates from domestic conventional products were also 
more frequently resistant to aminoglycosides (23.3%, vs 
13.0%, p= 0.031) and fluoroquinolones (31.7% vs 8.3%, 
p < 0.001). All vancomycin-resistant enterococci and 
carbopenem-resistant P. aeruginosa were isolated from 
domestic conventional products. 

DISCUSSION
This is the first study were to obtain of the current prev-
alence of the occurrence of antibiotic-resistant bacteria 
contamination in a wide range of fresh vegetables avail-
able in the city markets of Ukraine. In this study the 
antibiotic-resistant bacteria contamination in the fresh 
vegetables was 24.3%. The contamination among organic 
produce was significantly higher than in conventionally 
products. Contamination of leafy vegetables by the bac-
terial pathogens investigated was found to be frequent 

Table III. Distribution of gram-positive organisms in fresh vegetables.

Commodity Number 
of samples

Microorganism

S. aureus E. faecalis E. faecium

Leafy Vegetables 1826 82 (4.5%) 394 (21.6%) 122 (6.7%)

Leafy Herbs 2634 54 (2.1%) 264 (10%) 103 (3.9%)

Tomatoes 685 97 (14.2%) 164 (23.9%) 43 (6.3%)

Green Onions 1032 42 (4.1%) 122 (11.8%) 69 (6.7%)

Cucumbers 697 72 (10.3%) 186 (26.7%) 39 (5.6%)

Berries 1355 27 (2%) 268 (19.8%) 112 (8.3%)

Total 8179 324 (4%) 1398 (17.1%) 488 (6%)

Table IV. Distribution of gram-negative organisms in fresh vegetables 

Number 
of samples

Microorganism

E.coli Enterobacter spp. K.pneumoniae P. aeruginosa Acinetibacter spp.

Leafy Vegetables 1826 734  
(40.2%)

224 
(12.3%)

121
 (6.6%)

118 
(6.5%)

31 
(1.7%)

Leafy Herbs 2634 1122 
(42.6%)

661
 (25.1%)

257 
(9.8%)

134 
(5.1%)

39 
(1.5%)

Tomatoes 685 143  
(20.9%)

97 
(14.2%)

89 
(13%)

29 
(4.2%)

23 
(3.4%)

Green Onions 1032 297  
(28.8%)

211 
(20.4%)

137 
(13.3%)

121
 (11.7%)

33 
(3.2%)

Cucumbers 697 168  
(24.1%)

83 
(11.9%)

94 
(13.5%)

31 
(4.4%)

24 
(3.4%)

Berries 1355 462  
(34.1%)

177 
(13.1%)

179
 (13.2%)

101
(7.5%)

29 
(2.1%)

Total 8179 2926 
(35.8%)

1453
 (17.8%)

877 
(10.7%)

534
 (6.5%)

179 
(2.2%)
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and widespread occurrence. Leafy vegetables appeared 
to be more frequently contaminated in the summer. 
This trend extended to both imported and domestic 
leafy vegetables, and was particularly strong in organic 
produce. Several studies on this subject [15-17] found 
that organic produce was more susceptible to bacterial 
contamination. Our findings support this observation 
and indicate that summertime is the prime period to 
observe this difference in hygienic quality in organic 
leafy vegetables.

Results of this study suggest that fresh vegetables com-
monly purchased from grocery stores in Ukraine are a 
source for bacterial species and a public health concern. 
All eight bacteria studied belong to the group of patho-
gens that cause the majority of nosocomial infections. 
The predominant contamination of antibiotic-resistant 
bacteria were: E. coli, Enterobacter spp. and E. faecalis, 
followed by K. pneumoniae, P. aeruginosa, S. aureus and 
Acinetobacter spp. S.aureus were cultured most often from 
tomatoes (14.2%) and cucumbers (10.3%), E.faecalis from 
cucumbers (26.7%) and tomatoes (23.9%), E.faecium from 
berries (8.3%), green onions (6.7%) and leafy vegetables 
(6.7%), E.coli from leafy herbs (42.6%), leafy vegetables 
(40.2%) and berries (34.1%), Enterobacter spp. from leafy 
herbs  (25.1%) and green onions (20.4%), K. pneumoniae 
from cucumbers (13.5%), green onions (13.3%), berries 
(13.2%) and tomatoes (13%), P. aeruginosa from green 
onions (11.7%), berries (7.5%) and leafy vegetables (6.5%), 
Acinetibacter spp. from tomatoes (3.4%), cucumbers (3.4%) 
and green onions (3.2%).

According to the literature, vegetables produced in 
or close to soil - such as leaf vegetables are at special 
risk for contamination with soil-borne bacteria, either 
belonging to natural soil microbiota or introduced into 
soil by manure fertilization [18]. In 2007, the FAO and 
WHO convened an expert committee to establish prior-
ity commodities of concern in terms of microbiological 
hazards associated with fresh produce and leafy vegetables 
and leafy herbs were given the highest level of priority, 
followed by berries, green onions, melons, sprouted seeds 
and tomatoes [4]. 

In our study the overall proportion of extended spectrum 
beta-lactamase (ESBL) production among Enterobacteri-
aceae was 36.8% and of methicillin-resistance in S. aureus 
(MRSA) 10.7%. The prevalence of ESBL production among 
E. coli isolates was significantly higher than in K.pneu-
moniae. Vancomycin resistance was observed in 3.1% of 
isolated enterococci (VRE). Carbapenem resistance was 
identified in 35.3% of P.aeruginosa isolates and 66.8% of 
Acinetibacter spp. isolates. Resistance to third-generation 
cephalosporins was observed in 9.7% K.pneumoniae and 
E.coli in 14.2% isolates.

The potential for transfer of antimicrobial-resistant 
bacteria from fresh vegetables into the human population 
is cause for concern. However, to date, few studies have 
focused on the occurrence of antimicrobial-resistant 
commensally bacteria in fresh vegetables sold at retail. 
Several studies are accessible regarding major anti-

microbial-resistant bacteria (e.g., Enterobacteriaceae, 
Pseudomonas spp., Gram-positive cocci). These studies 
revealed vegetables to be a potential-although rare-vec-
tor for extended-spectrum beta-lactamase-producing 
Enterobacteriaceae, colistin- and carbapenem-resistant 
Pseudomonas aeruginosa, linezolid-resistant enterococci 
and staphylococci, and vancomycin-resistant enterococci 
[18]. Resistance data for isolates differed significant-
ly between studies; this might be related to the very 
different geographical locations, the different nature 
of fresh vegetable samples, and the different choice of 
antibiotics and breakpoints. Korean leafy vegetables 
were contaminated with MRSA strains [19]. Vancomy-
cin–teicoplanin-resistant enterococci were isolated from 
fresh produce in Korea [20]. Linezolid-resistant strains 
of E. faecalis and E. faecium were isolated from German 
vegetables [21]. Resistance in E. faecalis isolates from 
Portuguese ready-to-eat salad was restrained to tetra-
cyclines and erythromycin [22]. One linezolid-resistant 
E. faecium was detected in Canadian vegetables as well 
[23]. From Tunisia [24] reported resistance Enterococcus 
species to high level concentrations of aminoglycosides 
and chloramphenicol. Gómez-Aldapa et al. [25] report-
ed 100% resistance to amikacin and colistin in E. coli 
pathotypes from Mexican cactus salads. Resistance in 
E. coli isolates from raw vegetables at a retail market in 
the Czech Republic was restrained to tetracyclines [26]. 
One study identified significantly higher resistance rates 
to aminoglycosides in Pseudomonas isolates from fruit 
vegetables compared with root vegetables or salads [21].

The results this study adds to the global knowledge base 
regarding the prevalence and characteristics of antibiot-
ic-resistant bacteria in fresh vegetables required for future 
risk analysis. Prevalence of antimicrobial resistance among 
gram-positive and gram-negative organisms, the ability 
of antibiotic-resistant bacteria to persist in hospitals and 
the environment, and possible transfer of resistance genes 
from this pathogens to other endogenous human flora or 
pathogens is reason for concern in the health care setting. 
Therefore, the impact of contamination of fresh vegetables 
with antibiotic-resistant pathogens and prophylactics and 
their possible cross-resistance with antimicrobials used to 
treat human infections should be investigated further with 
the goal of reducing the number of infections and fatalities 
associated with bacterial infections. 

CONCLUSIONS
The results of this study indicate that the contamination 
of fresh vegetables with antibiotic-resistant bacteria at 
levels representing a risk to public health was found to 
be frequent and widespread occurrence in the Ukrainian 
marketplace. This trend extended to both imported and 
domestic fresh vegetables, and was particularly strong in 
domestic organic produce. This finding suggests that food 
safety practices carried out by the different players along 
the food supply chain, from agricultural practices by the 
farmers to handling practices by the food distributors 
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and vendors are generally not sufficient. Food producers, 
distributors and vendors should minimize the risk of con-
tamination of fresh vegetables with antibiotic-resistant 
bacteria, and ensure in the production, transportation, 
storage and sale of fresh vegetables of acceptable quality 
and safety. It is necessary to ensure provide food safety 
oversight of the regulated parties and to promote safe 
production and handling of foods throughout the entire 
food production chain.
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