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ABSTRACT

The spread of resistant Enterobacteriaceae to antibiotics in chicken farms constitute a reservoir of resistant genes
that could be easily transmitted to contact human. So, this study conducted to investigate the prevalence of ciprof-
loxacin and gentamycin resistance profiles and the frequency of aac (6")-1b gene in chicken farms in Misurata city
and living population in the vicinity of these farms. (135) cloacae swab from chicken and (107) urine samples from
human living in these farms were collected. Isolation and identification of different Enterobacteriaceae strains is
performed in antibiotic resistance profiles against ciprofloxacin and gentamycin antibiotics. DNA extracted from
each sample and further screening for aac (6)-1b-cr in ciprofloxacin and/or gentamycin resistant isolates by using of
using PCR technique. Our results showed that 88.8% and 93.4% of chicken and human isolates confirmed to be En-
terobacteriaceae respectively. There were non-significant association between the source of Enterobacteriaceae iso-
lates and quinolones or aminoglycosides resistance profiles. The screening of the genetic determinant of gentamycin
and ciprofloxacin resistance aac (6')-Ib-cr, revealed an impressive proximity between the frequency of this gene
within the chicken and human isolates (33.6%, 33 %) respectively. In conclusion quinolones and aminoglycosides
resistance profiles and the frequency of aac (6")-1b-cr between chicken and human were nearly comparable, that

would suggest the possible transmission of this gene from chicken to human.
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INTRODUCTION

Antimicrobial agents are widely used in food-
producing animal farms such as chicken for preven-
tion, treatment of animal diseasess and also as growth
promoters. The intensive use of antimicrobial agents
has major concern due to the possibility of emergence
and dissemination of the resistant genes to human
through animals®. The workers in the farms, abat-
toirs, veterinarians, and their families are directly at
high risk of infection with resistant bacteria due to
close contact with animals @. This transmission does
not constitute initially a major health threat for the
population. However, workers and their families rep-
resent a pass channel of resistance genes to the hospi-
tal, and community environment. Moreover, the extra
spread of these resistant genes to other pathogens is
likely to be possible®. Many studies have highlighted
the possible transmission of resistance from poultry
to workers®™,

Enterobacteriaceae spp. are important human patho-
gens that because hospital acquired infection such as
urinary tract infection (UTI) and gastrointestinal in-
fection®. The resistant Enterobacteriaceae have a
major health concern in both pathogenic and com-
mensal ones®. Many species of Enterobacteriaceae
family cause UTI, which is the second cause of
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community-onset infection”). 75-95% of all uncom-
plicated cystitis and pyelonephritis caused by E. coli
which the most common cause of UTI®,

Quinolone antibiotics such as ciprofloxacin, ofloxa-
cin and levofloxacin are used to treat wide range of
gram-negative and gram-positive bacterial infections.
They are used clinically because of proved bacteri-
cidal effect ageist most members of Enterobacteri-
aceae®.

Aminoglycosides have antimicrobial activity against
gram-negative and gram-positive bacteria, therefore
aminoglycosides are considered a broad-spectrum
antibiotic that are active against Enterobacteriaceae
and Pseudomonas?.

The use of fluoroquinolones, aminoglycosides, and
third generation cephalosporins in animal farms and
to treat human infection is hazardous those antibiotics
are already used to treat human infections®,

AAC (6") genes have clinical importance because
they can modify a number of aminoglycosides antibi-
otic, including amikacin, gentamicin, and tobramy-
cin. The aac (6"-1 type responsible for resistance to
amikacin by acetylation of the drug, while the aac
(6)-11 type acetylates gentamicin®?%3), A recent
mechanism of quinolones resistance is correlated to
plasmid mediated quinolone resistant genes (aac(6')-
Ib-cr, gnrA, gnrB, gnrS, and gepA)®. The first gene
aac (6-1b-cr is a variant of aminoglycoside acetyl-
transferase which reduces flouroquinolones activity
by binding of acetyl group to the drug. AAC (6')-lb-
cr is common gene that causes resistance to both
aminoglycoside and fluoroquinolone antibiotics™®.
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Usually, plasmid mediated quinolone resistance
(PMQR) is correlated with extended spectrum beta-
lactamases (ESBLS) and/or aminoglycosides resistant
genes on the same plasmid, and transfer of multidrug
resistant plasmids between Enterobacteriaceae strains
would negatively affect the empirical treatment of
complicated urinary tract infections®.

So, this work is conducted to Investigate the preva-
lence of ciprofloxacin and gentamycin resistance
profiles and the frequency of aac(6’)-lb-cr gene in
chicken farms in Misurata city and living population
in the vicinity of these farms.

METHODS

Bacterial isolates:

In this study, 135 bacterial isolates were collected
from chicken cloacae at 20 different chicken farms
located in Misurata, sterile cotton swabs were used to
collect fecal samples from chicken cloacae then
swabs are immediately transferred to sterile collec-
tion containers. A 107 Clean-Catch midstream urine
samples were collected in a sterile tube (4-5 ml) from
people in contact with chicken farms. At the biore-
search and consultancies center, Misurata University,
samples were cultured on MaCconkey agar (OXOID,
England) then incubated for 18-24hr at 35-37°C.
Colonies may appear pink (lactose fermenting) or
colorless (lactose non-fermenting). Size and shape of
colonies vary with individual species. Suspected col-
onies are identified using the APIE20: (bioMérieux®,
France)®7).

Antibiotic susceptibility testing:

Antibiotic sensitivity test for chicken and human
samples is performed by using Mueller-Hinton agar
according to Kirby-Bauer Disc Diffusion method
following clinical and laboratory standards institute
(CLSI) guidelines. The antibiotics included in this
study are ciprofloxacin 5ug and gentamycin 10pg
(Bioanalyse®, Turkey)®®. The interpretation and
results reporting of the categories of susceptible, in-
termediate or resistant was also based on the CLSI
guidelines®®),

Bacterial DNA extraction:

The isolates are streaked on nutrient agar and incu-
bated for 14-16 hr at 37° C. A single colony was
picked up from the media plate and inoculated to 5
ml liquid culture media, then incubated overnight at
37° C. Genomic DNA was then extracted at the bio-
research and consultancies center, Misurata Universi-
ty, using the G-spinTM Total DNA Extraction Kit
(INTRON Biotechnology, Korea) according to the
manufacturer’s recommendation.

Detection of antibiotic-resistance genes:

This procedure was performed in animal health insti-
tute, Cairo, Egypt, where Polymerase chain reaction
(PCR) identification of aminoglycoside and quino-
lone resistance genes aac (6')-1b was performed as
described in previous study®@®,

The PCR conditions involved an initial denaturation
for 3 min at 95 °C followed by 30 cycles of (95 °C
for 30 s, specific annealing temperature for 1 min,
and extension at 72 °C for 30 s) followed by a final
extension at 72 °C for 5 min. Sequences of the re-
sistance-genes primers used in the study and their
annealing temperatures are shown in (table 1).

(Table 1) Primers used for detection of aac(6”)-Ib gene and RAPD typing, annealing temperatures (Ta), and expected product

sizes.
Primers Sequence (5'-3") Target gene Ta Product size Reference
Aac (6”)-1b-F TTGCGATGCTCTATGAGTGGCTA s o
aac (6)-1b-R CTCGAATGCCTGGCGTGTTT aac(6’)-Ib | 54°C 482 bp 18

Statistical analysis:

Data were presented in frequency and percentage.
Chi square test using SPSS/21 was done for these
data where the level of significance (p < 0.05).

RESULTS AND DISCUSSION
An inevitable side effect of the use of antibiotics is
the emergence and dissemination of resistant bacte-
ria. Most studies show that after the introduction of
an antibiotic not only increase the level of resistance
in pathogenic bacteria, but also in commensal bacte-
ria. Commensal bacteria constitute a reservoir of re-
sistant genes for (potentially) pathogenic bacteria.
Their level of resistance is considered to be a good
indicator for selection pressure by antibiotic use and
for resistance problems to be expected in patho-
gens@, Antibiotic resistance in bacteria from the
family Enterobacteriaceae is an important indicator of
the emergence of resistant bacterial strains in the
community®?. Farm and slaughterhouse workers
with resistant bacteria through close contact with
colonized or infected animals. Although this limited

transmission does not initially appear to pose a popu-
lation-level health threat. Occupational workers and
their families provide a conduit for the entry of re-
sistance genes to the community and hospital envi-
ronments, where further spread into pathogens is pos-
sible®29, We performed this study in order to inves-
tigate the prevalence of quinolone and aminoglyco-
sides resistance pattern and the frequency of aac (6°)-
Ib-cr gene in commensal and pathogenic isolates
from chicken farms and urine of contact human (ei-
ther farm workers or living population near to farms).
In this study, Enterobacteriaceae species isolates ac-
counts for (88.8%) in chicken and (93.4%) In human
isolates.

Different Enterobacteriaceae strains were identified
from chicken including; E. coli 19/120 (15.8%), Sal-
monella spp. 11/120 (9.1%) and Yersinia pestis 3/120
(2.5%) pathogenic bacteria and represent a zoonotic
threat to contact human. There were other Enterobac-
teriaceae isolates from chicken that would be oppor-
tunistic pathogen such as Serratia spp. 66/120 (55%),
and 3/120 (2.5%) for Pseudomonas luteola, Klebsiel-
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la oxytoca, Citrobacter brakii, Enterobacter sakazakii, and their resistance pattern are shown in (figure 1,2)
Proteus mirabilis and Pantoea spp. The frequency of and (table 2).

individual Enterobacteriaceae spp. of chicken isolates

(Table 2) The frequency and antibiotics (ciprofloxacin & gentamycin) resistance profiles of individual Enterobacteriaceae in
chicken and human isolates.

No. % of Ciprofloxacin Gentamycin
Name of Source of ;
Enterobacteriaceae Enterobacteriaceae Enter?;e:;iiglaceae R S R S
Serratia odorifera 1 Human 12/100 (12) 5/12 (41.7) | 7/12 (58.33) | 6/12 (50) | 6/12 (50)
Chicken 40/120 (33.3) 20/40 (50) | 20/40 (50) | 22/40 (55) | 18/40 (45)
Serratia liquefaciens Human 11/100 (11) 3/11 (27.3) | 8/11(72.7) | 6/11 (54.5) | 5/11 (45.5)
4 Chicken 20/120 (16.6) 9/20 (45) | 11/20 (55) | 10/20 (50) | 10/20 (50)
Serratia plymuthica Human - . ~ . -
Py Chicken 3/120 (2.5) 0/3(0) | 3/3(100) | 0/3(0) | 3/3(100)
P Human 3/100 (3) 1/3(33.3) | 2/13(66.6) | 2/3(66.6) | 1/3(33.3)
Chicken 3/120 (2.5) 1/3(33.3) | 2/3(66.6) | 2/3(66.6) | 1/3(33.3)
E colil Human 20/100 (20) 8/20 (40) 12/20 (60) 9/20 (45) 11/20 (55)
: Chicken 19/120 (15.8) 9/19 (47.4) [ 10/19 (52.6) | 9/19 (47.4) | 10/19 (52.6)
. . Human 17/100 (17) 7/17 (41.2) [ 10/17 (58.8) | 9/17 (52.9) | 8/17 (47.1)
Klebsiella pneumonia :
Chicken - - - - -
Klebsiella oxytoca Human - . - > >
Chicken 3/120 (2.5) 0/3 (0) 3/3(100) | 2/3(66.6) | 1/3(33.3)
Pseudomonas luteola Human 6/100 (6) 4/6 (66.6) | 2/6 (33.3) | 2/6(33.3) | 4/6 (66.6)
Chicken 3/120 (2.5) 0/3 (0) 3/3 (100) 0/3 (0) 3/3 (100)
Pseudomonas fluorescens/putida ghL:cmkaerr]1 3/10_0 @) 1/3 (_33'3) 23 (_66'6) 0/3_(0) 3/3 (_100)
Salmonella s Human 3/100 (3) 1/3(33.3) | 2/6(66.6) | 2/3(66.6) | 1/3(33.3)
pp- Chicken 11/120 (9.1) 6/11 (54.5) | 5/11(45.5) | 5/11 (45.5) | 6/11 (54.5)
Yersinia pestis Human - > — - '
P Chicken 3/120 (2.5) 1/3(33.3) | 2/3(66.66) | 0/3(0) 3/3 (100)
N Human 3/100 (3) 1/(33.3) | 2/3(66.6) | 2/3(66.6) | 1/(33.3)
Enterobacter sakazakii Chicken 31120 (2.5) 03(0) | 3/3(100) | 0/3(0) | 3/3(100)
Enterobacter cloacae ghl:cmkir; 6/10_0 (6) 2/6 (_33.3) 4/6 (_66.6) 2/6 (_3.3.3) 416 (_66.6)
} . Human 3/100 (3) 2/3(66.6) | 1/3(33.3) 0/3 (0) 3/3 (100)
Citrobacter braaki Chicken 31120 (2.5) 1/3(33.3) | 2/3(66.6) | 2/3(66.6) | 1/3(33.3)
Proteus mirabilis Human 3/100 (3) 1/3(33.3) | 2/3(66.6) | 1/3(33.3) | 2/3(66.6)
Chicken 3/120 (2.5) 2/3(66.6) | 1/3(33.3) | 2/3(66.6) | 1/3(33.3)
Raultella omithinolytica ghliznkaer:] 7/10_0 [0) 317 (f12.3) 417 (_57.7) 217 (_28.6) 517 (_71.4)
Acintobacter Human 3/100 (3) 1/3 (33.3) | 2/3(66.6) 0/3 (0) 3/3 (100)
baumannii/calcoaceticus Chicken - - - - -
Aeromonas Human - - - - -
hydrophila/caviae/sobria 1 Chicken 3/120 (2.5) 1/3 (33.3) 2/3 (66.6) 1/3 (33.3) 2/3 (66.6)
Pantoea sppl Human - . - - =
PP Chicken 3/120 (2.5) 0/3(0) | 3/3(100) | 0/3(0) | 3/3(100)
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Individual Enterobacteriaceae species

(Figure 1) Isolation, identification and ciprofloxacin resistance profile of chicken isolates.
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(Figure 2) Isolation, identification and gentamycin resistance profile of chicken isolates.

Kilonzo-Nthenge et al.®® studied the occurrence of
Enterobacteriaceae in retail meats, Out of 281 bacte-
ria isolates from raw meat samples, (12.1%) were
identified as E. coli, Morganella morgana (1.1%),
Vibrio parahemolyticus (0.4%), Yersinia enterocoliti-
ca (0.4%), Salmonella spp. (5.7%), Proteus mirabilis
(1.1%), Enterobacter aerogenes (6.4%), Klebseiella
oxytoca (27.4%), Citrobacter freundii (1.7%) Hafnia
alvei (11.4%) Serratia ssp. (14.3%) Enterobacter aer-
ogenes (6.4%), Kluvyera spp. (5.6%), and Pantoea
spp. (3.6%). The occurrence of Klebseiella oxytoca in
retail meats was the highest among all other patho-
gens. While, Yulistiani et al.®® investigated the prev-
alence of antibiotic-resistant Enterobacteriaceae iso-
lated from chicken meat contaminated during evis-
ceration and sold at traditional markets in Surabaya
Indonesia. In all 203 isolates; Salmonella spp.
(41.7%), E.coli (26.1%), Citrobacter spp. (10.8),

Klebsiella spp. (6.4%), Proteus spp. (11.8%), Yer-
sinia spp. (7.3), Enterobacter spp. (3.4%) and Serratia
spp. (2.9%) were identified. These results were high
consistent with our results except for Serratia spp. In
our study the prevalence of Serratia spp. is high in
chicken isolates which are divided into four spp.;
Serratia odorifera 1 (33.3%), Serratia liquefaciens
(16.6%), Serratia plymuthica (2.5%), and Serratia
marcescens (2.5%). Serratia marcescens is serious
pathogen capable of causing important infections in
human and animals such as (UTIs) and pneumonia,
which becomes highly prevalent and shows a multi-
drug resistance profile®®.

After investigation of chicken isolates, we found that
41.7% of Enterobacteriaceae were resistant to ciprof-
loxacin and 45.8 % resistant to gentamycin as shown
in (table 3).

(Table 3) Antibiotic resistance profile of Enterobacteriaceae family against ciprofloxacin and gentamycin antibiotics in chicken

and human isolates.

Ciprofloxacin Gentamycin
SO Y P- value P-value
Enterobacteriaceae
R S R S
Human 40/100 (40) 60/100 (60) 43//100 (43) 57/100 (57)
0.802 0.67
Chicken 50/120 (41.7) | 70/120 (58.3) 55/100 (45.8) | 65/120 (54.2)

Kilonzo-Nthenge et al.?®® and Yulistiani et al.??
found lower resistance rates of Enterobacteriaceae
against gentamycin (9.6%) and (5.91%) isolated from
retail meat respectively. previous studies reported
that ciprofloxacin resistance in chicken meat isolates
were (12.5%) and (0%) respectively?728),

The isolated Enterobacteriaceae strains from urine
samples of accompanying human were; E.coli (20%),
Klebsiella pneumonia (17%), Serratia odorifera 1
(12%), Serratia liquefaciens (11%), Raultella ornithi-

nolytica (7%), Pseudomonas luteola and Enterobacter
cloacae (6%), and others were lower percentage as;
Serratia marcescens, Pseudomonas fluo-
rescens/putida, Salmonella spp., Enterobacter sa-
kazakii, Citrobacter braaki, Proteus mirabilis, Acin-
tobacter baumannii/calcoaceticus. The frequency of
individual Enterobacteriaceae spp. of human isolates
and their resistance pattern shown in (figure 3,4) and
(table 2).
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(Figure 3) Isolation, identification and ciprofloxacin resistance profile of human isolates.
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(Figure 4) Isolation, identification and gentamycin resistance profile of human isolates.

The present study conducted in Misurata city in Lib-
ya showed that higher prevalence of E. coli, K.
pneumonia, E. cloacae and Serratia marcescens than
that conducted in Tripoli city in Libya®,
While Yang et al.®9 reported that Enterobacteriaceae
composed of 88.5% of the total isolates, with exceed-
ing rate of E. coli (63.2%) and K.pneumoniae
(12.2%).

Concerning human isolates about 40% and 43% ex-
hibited resistance against ciprofloxacin and gentamy-
cin respectively as presented in (table 3).

Tobgi et al.®Y tested the susceptibility of E. coli to
antibiotics. 148 E. coli isolated from urine specimens
of outpatients attending Al-Jalla Hospital in Bengha-
zi. They reported that 18% of isolates were resistant
to gentamicin. Ghenghesh et al.®? found 7% re-
sistance to gentamicin of 538 E. coli isolates from
patients with UTIs in Tripoli.

M. 1. Issack et.al.®® observed the presence of high
rate of resistance to fluoroquinolone (26.4% to
ciprofloxacin). In a survey conducted in India be-
tween 2010 and 2014, they found an increase re-
sistance rate in Enterobacteriaceae isolated from hos-
pitalized patients against ciprofloxacin (39.2-
56.1%) 334,

Statistical analysis of the antibiotic resistance profiles
against ciprofloxacin and gentamycin in both chicken
and human revealed no association (P > 0.05) be-
tween the source of isolates and the pattern of re-
sistance. In other words, we can say that the rates of
resistance against ciprofloxacin and gentamycin in
the two species were nearly comparable (table 4).
These results convey a proof of the possible transmis-
sion of resistant gene between chicken and contact
human.
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(Table 4) Antibiotic resistance profiles of the common Enterobacteriaceae individual spp. in chicken and human isolates
Ciprofloxacin Gentamycin
. Source of
Name of Enterobacteriaceae Enterobacteriaceae
R S P-value R S P-value
. . Human 9/26 (34.6) |17/26 (65.4) 14/26 (53.8) [ 12/26 (46.2)
Serratia species Chicken 30066 (45.4) | 36/66 (54.5)| >+ [34/66 (51.5)| 32/66 (48.5)| 540
. Human 1/3(33.3) | 2/3(66.6) 2/3 (66.6) | 1/3(33.3)
Serratia marcescens Chicken 13(333) | 23(666) | % [2/3(66.6) | 1/3(33.3) | %
. Human 8/20 (40) | 12/20 (60) 9/20 (45) | 11/20 (55)
E.colil Chicken 9/19 (47.4) [10/19 (52.6)| % [9/19 (47.4) [10/19 (52.6)| *B%?
. Human 1/3 (33.3) | 2/6 (66.6) 2/3 (66.6) | 1/3(33.3)
Salmonella species Chicken 6/11 (54.5) | 5/1L (45.5) | *°'° [5/11 (45.5) | 6/1L (545) | *° 1
. . Human 2/3 (66.6) | 1/3(33.3) 0/3 (0) 3/3 (100)
Citrobacter braaki Chicken 13 (33.3) | 2/3(66.6) | 1% [2/3(66.6) | 1/3 (33.3) | *-0%
o Human 1/3(33.3) | 2/3(66.6) 1/3 (33.3) | 2/3(66.6)
Proteus mirabilis Chicken 213(66.6) | 1/3(33.3) | U414 [23(66.6) | 1/3(333) | 414
The screening of the genetic determinant of gentamy- and may be a country/area specific resistance®?. A
cin and ciprofloxacin resistance, aac (6) Ib-cr, re- surveillance study conducted in European countries
vealed an impressive proximity between the frequen- on Enterobacteriaceae showed that resistance against
cy of this gene within the chicken and human isolates gentamicin was between (2-13%) and the found gene
(28.33%, 33 %) respectively that supposes prodigious responsible for this resistance were aac (3°)-lla, fol-
evidence for the transmission of resistance (table 5). lowed by aac (6°)-l1b-cr®®. AAC enzymes are im-
— - portant because they are among the few that confer
E]I?nk:r? 5) Prevalence of aac (6)-1b-cr gene in chicken and resistance to aminoglycosides and quinolones
. : (43)
Source of Enterobacteri-| aac(6)-1b-cr | aac(6’)-1b-cr Sc_hmltz et gll') o L ]
aceae (No) (%) Mir¢ et al.*") studied the characterization of amino-
Chicken 34 283 glycoside-modifying enzymes in Enterobacteriaceae
: clinical Strains and found the most frequent gene was
Human 33 33 aph (3°)-1a (13.9%) and aac (3)-11a (12.4%), followed
Y- 0, ”)-
The aac (6”)-1b-cr is a plasmid-mediated quinolone b_y sfchm ) (!ibth(4.2 %), ar_1d ?n;()?nf(;he 14 aac (67)-1b
resistance (PMQR) gene embedded within a gene eight showed the (cr) variant (57.1%)
cassette, most often within an integron. It confers CONCLUSION
resistance to b3cgth quinolone and aminoglycoside®. In this study, it is concluded that Enterobacteriaceae
Agabou et al.® found that commensal E. coli iso- isolates from chicken and human showed no differ-
lates collected from chickens, their farmers, and pa- ence in their resistance pattern against ciprofloxacine
tients in the Constantine region (North-east Algeria) and gentamicin antibiotics. The prevalence of aac
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