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Introduction

For more than 60 years antibiotics have been the 
most important component of the therapy of infectious 
diseases in humans and animals. However, the wide-
spread use of these drugs has resulted in the emergence 
of the resistance genes and dissemination of bacterial 
strains resistant to antimicrobial substances [1,2]. By 
the selective pressure, the irrational use and misuse of 
antibiotics in human and veterinary medicine, agricul-
ture, animal husbandry and food production stimulates 
the development and spreading of resistance which af-
fects the public health. Resistant bacteria are not con-
strained by political or biological borders; they are 
transmitted between human populations directly in the 
community or in the health care settings and indirectly 
through food, water and air [3]. The increased need for 
food because of the expansion of human population 
has resulted in the massive use of antimicrobials as the 
growth promoters and prophylactic food supplement in 
prevention of animal infectious diseases.

Food is the most important vector for dissemina-
tion of antimicrobial resistance between humans and 
animals and it can be the source of resistant patho-
genic bacteria (Salmonella spp, Campylobacter spp.) 
and resistance genes that by mobile genetic elements 
can be transferred to pathogenic bacteria either di-
rectly or via a commensal bacterium, such as Es-
cherichiae coli or Enterococcus spp. [4]. 

Individual antimicrobial resistance of bacteria of 
the normal flora of each human and animal contributes 
to the total resistance in the population. Escherichia 
coli (E. coli) is the most common and the most impor-
tant representative of normal, facultative anaerobic, in-
testinal flora and also one of the bacteria most com-
monly isolated from food. There are studies which 
show that a 7-day-long antibiotic treatment can cause 
the emergence of a great number of resistance markers 
in normal flora, and some of them can be preserved for 
2 years. The long-lasting presence of resistance genes 
enables their exchange with pathogenic bacteria pass-
ing through the intestinal tract and increases the future 
treatment failure rate [5-7]. Some European countries 
have well-developed monitoring systems for antimi-
crobial resistance of indicator bacteria [8].

The aim of this study was to confirm the pre-
sence and frequency of resistance markers in E. coli 
from intestinal flora of healthy individuals and from 
food isolates as an indicator of antimicrobial resist-
ance level in our population, and to examine the po-
tential way of transfer of the resistance genes.

Material and Methods

The experiment included 100 fecal isolates of E. 
coli obtained from 100 healthy, adult donors submit- 
ted to sanitary inspection, chosen by the method of 
random sample; all of them signed their written con-
sent to be included in the study. The first group of 
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50 isolates were collected in 2007 and the second 
group of 50 isolates in 2010. 

Standard bacteriological methods for isolation of 
bacteria from stool and their identification were per-
formed, using culture and biochemical examination 
[9] at the Department of Coprology, Center for Micro-
biology of the Institute of Public Health of Vojvodina.                                                   

During 2010 a total of 50 E. coli were isolated from 
food samples submitted to the routine examination at 
the Department of Sanitary Bacteriology, Center for 
Microbiology, as stipulated in the contract with the cli-
ents or on the sanitary inspector’s request.

In the laboratory, food samples were processed us-
ing standard bacteriological methods, cultural and bi-
ochemical examination according to the methodology 
regulated by the Book of Regulations on the Methods 
for Microbiological Food Examination, published in 
the Official Gazette of SFRJ, No 25/80 [10].

All strains that were positive in the test for lactose 
and dextrose fermentation, methyl-red and indole pro-
duction test and motility, and negative in citrate utili-
zation, production of hydrogen- sulfide and urea hy-
drolysis test, were identified as E. coli.

For all the isolates of E. coli, antimicrobial sus-
ceptibility was examined by standard disc-diffusion 
method, according to the standard CLSI 2010 (Clini-
cal and Laboratory Standards Institute) [11]. Bacte-
rial inoculum was prepared from 24-hours pure cul-
ture of bacteria, as a suspension with density of ap-
proximately 0.5 Mc Farland. Inoculation of this sus-
pension was performed by the swab, streaking the 
entire surface of the Mueller-Hinton agar with stand-
ardized inoculum. After inoculation, Petri dishes 
were left at room temperature to dry and then paper 
discs containing the known amounts of antimicrobial 

agents were placed on the surface of the agar. After 
that, the material in Petri dishes was incubated for 16 
to 18 hours at 37ºC. The diameter of the zone of 
growth inhibition for each disc was measured and 
compared with the zone provided by discs manufac-
turer (BioRad, USA). The results were interpreted ac-
cording to the CLSI standard 2010.

The spectrum of antimicrobial drugs that should be 
tested for bacteria from the family Enterobacteriaceae 
according to the CLSI standard and that are, at the 
same time, the drugs most commonly used in the ther-
apy of human infectious diseases included the follow-
ing: ampicillin (Am), amoxicillin-clavulanic acid 
(Amc), cephalexin (Ce), ceftriaxone (Cro), piperacillin-
tazobactam (Tzp), gentamicin (Gm), cotrimoxazole 
(sulfamethoxazole-trimethoprim) (Sxt), ciprofloxacin 
(Cip), imipenem (Imp) and meropenem (Mem).

The statistically significant difference between 
certain data was determined by the methods of de-
scriptive statistics and Pierson χ2–test.

Results

Susceptibility of Escherichia coli from feces 
of healthy persons to antimicrobial drugs       
Out of 50 isolates of E. coli collected in 2007, 36 iso-

lates (72%) were susceptible to all antibiotics tested. 
Thirteen isolates (26%) were found to be resistant to one 
antibiotic (ampicillin) and one isolate (2%) had 2 resist-
ance markers (ampicillin and cotrimoxazole). The re-
sistance to ampicillin was found in total of 14 isolates 
(28%). No resistance was detected to cephalosporines, 
gentamicin, ciprofloxacin and carbapenems.

Within 50 isolates of E. coli collected in 2010, 40 
isolates (80%) were susceptible to all antibiotics test-
ed. Ten isolates (20%) were resistant to ampicillin, 7 
isolates (14%) to cotrimoxazole, 2 isolates (4%) to 
gentamicin, 1 isolate (2%) to cephalexin, and1 isolate 
(2%) to ciprofloxacin. The resistance to one antibiotic 
(ampicillin) was present in 2 isolates (4%). Of 6 iso-
lates (12%) resistant to two antibiotics, 5 were resist-
ant to ampicillin and cotrimoxazole and 1 to ampicil-
lin and cephalexin. Three resistance markers (ampi-
cillin, gentamicin, cotrimoxazole), were found in 1 
isolate (2%). The resistance to 4 antibiotics (ampicil-
lin, gentamicin, cotrimoxazole, ciprofloxacin) was 
detected in 1 isolate (2%). No resistance was found to 
third generation cephalosporines and to carbapenems. 
(Table 1) (Graph 1).

Abbreviations
E. coli – Escherichia coli
CLSI – Clinical and Laboratory Standards Institute
Am – ampicillin
Amc – amoxicillin-clavulanic acid
Ce – cephalexin
Cro – ceftriaxone
Tzp – piperacillin- tazobactam
Gm – gentamicin
Sxt – sulfamethoxazole-trimethoprim (cotrimoxazol)
Cip – ciprofloxacin
Imp – imipenem
Mem – meropenem

Table 1. Resistance types of Escherichia coli isolates from feces of healthy donors (comparative data for isolates collected in 2007 and 2010) 
Tabela 1. Tipovi rezistencije  izolata E. coli poreklom iz fecesa zdravih osoba (uporedni prikaz izolata iz 2007. i 2010. godine)
Number of resistance markers

Broj markera rezistencije
Resistance types of E. coli from 2007

Tipovi rezistencije E. coli iz 2007.
Number (%) of 

isolates
Broj (%) izolata

Number of resistance markers
Broj markera rezistencije

Resistance types of E. coli from 
2010/Tipovi rezistencije E. coli iz 

2010.

Broj (%) izolata
Number (%) of isolates

0 36 (72%) 0 40 (80%)
1 Am 13 (26%) 1 Am 2 (4%)

2 Am-Sxt 1 (2%) 2
Am-Sxt
Am-Ce

5 (10%)
1 (2%)

3 3 Am-Gm-Sxt 1 (2%)
4 4 Am-Gm-Sxt-Cip 1 (2%)

Total number/Ukupno 50 (100%) Total number/Ukupno 50 (100%)



399

The comparison of results for these two groups 
of strains showed that the difference between the 
number of strains susceptible to all antibiotics tested 
in the year 2007 and 2010 was not  statistically sig-
nificant (χ2=0.21, p>0.05). A statistically significant 
number of E. coli isolates from the year 2010 had 2 
resistance markers (χ2=7.38, p<0.01).

Susceptibility to antimicrobial drugs of 
Escherichia coli from food
Out of 50 E. coli isolated from food, 34 originat-

ed from meat, 9 from dairy products (fresh cheese 
and yogurt) and 2 from sesame, cumin and sand-
wiches and 1 from mushrooms.

Out of 50 E. coli isolates tested, 36 (72%) were sus-
ceptible to all antimicrobial drugs, while 14 (28%) were 
resistant: 5 isolates (10%) with 1 marker and 9 (18%) 
isolates with 2 resistance markers. The resistance to 
ampicillin was present in 3 (6%) isolates, and to cotri-
moxazole in 2 (4%) specimens. The resistance to 2 an-
tibiotics, to ampicillin and cotrimoxazole was found 
in 8 isolates (16%), while the resistance to cipro-
floxacin associated with cotrimoxazole resistance was 
detected in 1 isolate (2%). (Table 2, Graph 2).

The comparison of antimicrobial resistance of E. 
coli strains originating from food and those from fec-

es isolated during 2010 showed similar percentage of 
resistant isolates to ampicillin and cotrimoxazole, the 
same percentage of resistant isolates to ciprofloxacin 
and presence of the resistance to cephalexin and gen-
tamicin only in fecal isolates (Graph 3).

Discussion

The consequences of antimicrobial resistance on 
the public health include a complicated therapy of in-
fectious diseases and increased frequency of treat-
ment failures, increased morbidity and mortality, 
longer hospitalization and increased expenses. Anti-
microbial therapy affects not only pathogenic bacte-
ria, but also the normal flora of the host. Antibiotics 
exert the selective pressure, bacteria that survive the 
treatment possess the resistance genes, which they 
can transfer to their descendants or exchange with 
other bacteria. In this way, antimicrobial drugs change 
the structure of normal bacterial inhabitants of the 
human body and turn the normal flora into a signifi-
cant reservoir of resistance genes [12].

This study has confirmed the hypothesis about E. 
coli of normal intestinal flora being the reservoir of re-
sistance genes. Since the presence of E. coli in food is 
usually the result of fecal contamination, food contam-
inated with these bacteria represents a potential way of 
transmission for antimicrobial resistance genes. 

A certain increase of the resistance level in E.coli 
of normal intestinal flora was found in the period from 
2007 to 2010 because the number of isolates that har-
bored 2 resistance markers was statistically signifi-
cantly higher in 2010, and isolates with 3 and 4 mark-
ers emerged as well, whereas such strains were not 
found in 2007. 

The majority of fecal isolates in both study years 
were resistant to ampicillin (28%, 20%) and cotrimoxa-
zole (2%, 14%). The resistance to cephalexin (2%), gen-

Graph 1. Comparative review of resistance markers in E. coli 
from healthy persons (A) isolated in 2007 and (B) isolated in 2010
Grafikon 1. Uporedni prikaz markera rezistencije E. coli zdravih 
osoba (A) izolovanih 2007. godine i (B) izolovanih 2010. godine

Graph 2. Percentage of resistance markers in E. coli isolates from 
food
Grafikon 2. Prikaz markera rezistencije izolata E. coli iz hrane 
u procentima

Table 2. Resistance types of Escherichia coli isolates from food
Tabela 2. Tipovi rezistencije E. coli izolovanih iz uzoraka  hrane

Number of resistance markers
Broj markera rezistencije

Resistance types
Tipovi rezistencije

Number (%)of isolates
Broj (%)izolata

0 36 (72%)

1 Ap
SXT

3 (6%)
2 (4%)

2 Ap-SXT
Cip-SXT

8 (16%)
1 (2%)

Total number/Ukupno 50 (100%)

Graph 3. Comparative review of the percentage of resistant E. 
coli isolates from food and feces in 2010
Grafikon 3. Uporedni prikaz procenta rezistentnih izolata E. 
coli iz uzoraka hrane i fecesa u 2010. godini
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tamicin (4%) and ciprofloxacin (2%) emerged in 2010. 
The presence of 2 multi-resistant strains in 2010 is sig-
nificant; however, there was no evidence of such strains 
in 2007. The resistance marker for ciprofloxacin, which 
was present in one isolate of E. coli and associated with 
markers for ampicillin, gentamicin and cotrimoxazole, 
could represent a great health problem for the human 
carrier if endogenous infection with those bacteria de-
veloped. 

An investigation of resistance markers among chil-
dren aged from 6 months to 6 years was conducted at 
the Athens University. Out of 181 isolates, 88 (48.6%) 
were found to be resistant to some of antibiotics tested, 
74 (40.9%) to ampicillin, and 38 (21%) to cotrimoxa-
zole. The fact that bacteria of infantile normal intestinal 
flora harbor approximately the same percentage of re-
sistance markers to ampicillin as those found in adults 
is of great concern [13]. Bartoloni et al. found the car-
riage of 95% E. coli of normal flora resistant to ampi-
cillin, 94% to sulfamethoxazole-trimethoprim, 21% to 
gentamicin and 18% to ciprofloxacin in the intestine of 
children from urban areas in Peru and Bolivia [5].

An investigation performed at the Karolinska In-
stitute in Sweden revealed that out of the total of 141 
isolates of E. coli of normal flora, 94 isolates (66.66%) 
were resistant to some of antimicrobials tested. The 
resistance to ampicillin was found in 43 isolates 
(30.5%) and to cotrimoxazole in 32 isolates (22.7%) 
[14]. The antimicrobial resistance was more common 
than in our investigation, but as in our study, the most 
common resistance markers were those to ampicillin 
and cotrimoxazole because of the frequent adminis-
tration of these drugs. Resistant isolates in the normal 
flora were detected in the studies of the authors from 
Holland and China in a considerably greater percent-
age than in our investigation [15,16].

In Denmark, there is a system for annual monitor-
ing of antimicrobial drug consumption in human and 
veterinary medicine, as well as of the emergence of an-
timicrobial resistance of bacteria in humans, animals 
and food. According to their annual report, the resist-
ance to ampicillin and ciprofloxacin in E. coli from 
healthy volunteers is equal to the resistance of E. coli 
isolated from pork and chicken meat. The resistance to 
ampicillin of E. coli isolated from healthy volunteers 
(28%) is similar to our findings, but the resistance to 
gentamicin (7%) and ciprofloxacin (13%) is more fre-
quent than in our study [8,17].

Many countries of European Union as well as 
America and Japan have recently introduced monito-
ring systems for examination of the resistance of not 
only human pathogenic bacteria, but also of these iso-
lated from animals, especially animals grown for food 
industry, with the emphasis on E. coli [18-20]. Investi-
gations performed by many scientific teams confirmed 
the emergence of multi-resistant E. coli strains isolated 
from food samples, as well as an increase of antimi-
crobial resistance in the past few years [17,21]. In 2009, 
the Danish monitoring system revealed ampicillin- 
and sulfonamide-resistant E. coli from pork in 29%  
and 38% of cases, respectively – the former being sim-

ilar to our data for this antibiotic and the latter signifi-
cantly higher than in our case. In Denmark, the resist-
ance to ciprofloxacin in broiler meat was 4.1% in com-
parison to 2% in our country, and the resistance to ce-
phalosporines was not recorded, which is in accord-
ance with our results [17].

Harada and Asai proved that due to the selective 
pressure the most common combination of resistance 
markers in E. coli isolates from food was ampicillin and 
cotrimoxazole, which is the same in our work [22]. In 
the antimicrobial susceptibility testing of 50 E. coli 
strains isolated from food, 22% isolates were found to 
be resistant to ampicillin and cotrimoxazole and only 
2% to ciprofloxacin. By comparing our results with re-
sults of investigation of Adelaide et al, it was observed 
that the percentage of resistant E. coli strains isolated 
from food was significantly lower in our region [23].

Jakobsen with coauthors described the exceptional 
importance of asymptomatic carriage of multi-resist-
ant E. coli strains that reached the intestinal tract via 
food, considering the increased number of urinary 
tract infections and endogenous infections of other lo-
calizations [24].

Johnson et al. in USA and Thorsteinsdottir with his 
team in Iceland have come to similar conclusions - that 
the food of animal origin is the most important source 
of E. coli as a potential pathogen, especially if it carries 
resistance genes. However, the antimicrobial resistance 
varies depending on the kind of food and its geographic 
origin because of different trends in administration of 
antibiotics in veterinary practice [25,26].

The statement that resistant strains are transferred 
across the borders via passengers, agricultural prod-
ucts and waterways has been corroborated by the in-
vestigation performed by the authors from University 
of Texas, Dallas on healthy volunteers-travelers with-
out diarrhea, who had not used antibiotics and who 
were found to have acquired resistance to trimetho-
prim in 46% of cases, often associated with resistance 
to some other drugs (ampicillin 44%, ciprofloxacin 
11%) after 3 weeks of traveling from the USA to Me-
xico. The resistance was probably the consequence of 
poor sanitary conditions and repeated intake of food 
and water contaminated by enteric bacteria [27].

Although animals raised on organic farms carry in 
their intestinal tract E. coli less resistant to antimicrobial 
drugs than that carried by animals from conventional 
farms, they do have resistance genes. These results indi-
cate that the change in the pattern of antibiotic use does 
not have complete effect on the resistance loss in E. coli 
strains and that antimicrobial resistance emerges and 
accumulates more quickly than it disappears [28,29].

The data obtained in this study indicate that the 
prevalence of resistance markers in E. coli strains iso-
lated in this region of our country is mostly lower than 
in other countries. However, the presence of resistance 
markers in enteric bacteria tested and in strains from 
food, and particularly the presence of multi-resistant 
bacteria in them as well as the resistance to cipro-
floxacin, should be the signal that it is time to introduce 
monitoring of resistance in our country, not only for 
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pathogenic bacteria, but also for bacteria of human and 
animal normal flora and for isolates from food simulta-
neously with the antibiotics consumption monitoring 
and control. The final goal is to preserve the antimicro-
bial drug activity and to slow down the development 
and spreading of the antimicrobial resistance. Ban on 
antibiotics as growth promoters and prophylactic sub-
stances in animals would have a significant effect on 
resistance level decrease [6].

Fight against resistance requires interdisciplinary 
and intersectoral collaboration on both national and 
international level. The prudent use of antimicrobial 
drugs in all sectors is the key to the resistance preven-
tion and control. The surveillance and monitoring of 
bacterial resistance and antibiotics consumption in 
human and veterinary medicine are important parts 
of the prevention and control since they provide use-

ful information on resistance trends essential for risk 
assessment and containment measures planning. 

Conclusion

This study documented the presence of resistance 
markers to most commonly used antimicrobial drugs 
in Escherichia coli both from feces of healthy indivi-
duals and from food samples. The resistance to ampi-
cillin and cotrimoxazole was the most frequent, but of 
great concern is the finding of multi-resistant strains 
and those resistant to ciprofloxacin. Resistance genes 
can be transferred via food and they are frequently ex-
changed within bacterial strains of normal flora. There 
is an urgent need for development of the universal sys-
tem of permanent monitoring and surveillance of anti-
microbial resistance.
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Sažetak

Ključne reči: Ešerihija koli; Mikrobiološka rezistencija na lekove; Bakterijska rezistencija na lekove + genetika; Antibiotici; Feces + 
mikrobiologija; Mikrobiologija hrane; Ljudi

Uvod
Escherichia coli kao deo normalne crevne flore može biti rezer-
voar gena rezistencije na antibiotike, a hrana je najznačajniji 
vektor za širenje rezistencije između ljudi i životinja. Cilj ovog 
rada bio je da se ispita osetljivost na najčešće korišćene antimi-
krobne lekove izolata Escherichiae coli  iz stolica zdravih osoba 
i iz hrane, kao indikatorskog mikroorganizma za nivo rezistenci-
je u našoj populaciji i da se utvrdi potencijalni put prenosa gena 
rezistencije na antibiotike. 
Materijal i metode
Ispitana je osetljivost po 50 izolata Escherichiae coli iz fecesa 
zdravih osoba izolovanih 2007. i 2010. godine i 50 izolata iz hra-
ne. Za izolaciju i identifikaciju bakterija korišćene su standar-

dne bakteriološke metode, a interpretacija rezultata antibiogra-
ma bila je u skladu sa Standardom iz 2010. godine. 
Rezultati
Markeri rezistencije nađeni su u svim ispitanim grupama Esche-
richiae coli. Svi izolati su najčešće bili rezistentni na ampicilin i 
kotrimoksazol, u 2010. godini nalaze se i multirezistentni sojevi i 
rezistencija na ciprofloksacin, a tipovi rezistencije izolata iz sto-
lice i hrane su vrlo slični. 
Zaključak
Nalaz rastuće rezistencije na antimikrobne lekove, kako kod eše-
rihije normalne crevne flore tako i kod izolata iz hrane, pokazu-
je da je potrebno razviti sistem kontinuiranog sveobuhvatnog 
praćenja rezistencije bakterija na antibiotike.
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