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A B S T R A C T

Background: Listeria monocytogenes causes listeriosis characterized by encephalitis, septicaemia, and abortion or stillbirth. Its traditional 
diagnosis is based on serological responses, whileseveral molecular methods have been developed for safer and more rapid, sensitive, and 
accurate detection.The epidemiology, prevalence, shedding routes, and antibiotic resistance properties of L. monocytogenes are essentially 
unknown in various animals species.
Objectives: The present study was performed to study the shedding routes, and antibiotic resistance properties of L. monocytogenes isolated 
from milk, feces, urine, and vaginal secretion of bovine, ovine, caprine, buffalo, and camel in Iran.
Materials and Methods: A total of 596 milk, 619 feces, 443 vaginal swab, and 522 urine samples were collected from various animal species. 
Samples were examined by culture, conventional and real-time PCR for evaluating the presence of L. monocytogenes. Finally antimicrobial 
resistance properties were studied using the simple disc diffusion method.
Results: The culture method showed that 186 of 2180 samples (8.53%) had positive results for L. monocytogenes. In total,61 (10.23%) milk, 40 
(6.46%) feces, 43 (9.7%) vaginal swab, and 48 (9.19%) urine samples had positive results for L. monocytogenes using conventional PCR. After 
the Light Cycler real-time PCR it was recognized that 69 (11.57%) milk, 48 (7.75%) feces, 53 (11.96%) vaginal swab and 57 (10.91%) urine samples 
hadpositive results for the presence of L. monocytogenes. The sensitivity and specificity of conventional and real-time PCR were 94% and 99.1%, 
and 100% and 97.9%, respectively.  L. monocytogenes had the highest shedding in bovine milk (10.83%), ovine urine (16.98%), caprine feces (14.38%), 
buffalo milk (11.11%), and camel vaginal secretion (15.18%). Antibiotic resistance to tetracycline (71.3%) was the highest, while the resistance to 
nitrofurantoin (5.72%) had the lowest frequency.
Conclusions: Shedding of L. monocytogenes in different animal species, and different samples are different. Due to antibiotic resistance, 
especially in L. monocytogenes, veterinarians should pay more attention to prescribe antibiotics. We recommend using the real-time PCR for safe, 
sensitive, and rapid detection of L. monocytogenes in clinical samples, and using the disk diffusion methods to prescribe suitable antibiotics.
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1. Background
Listeria monocytogenes is a rod-shaped, opportunistic 

intracellular, Gram-positive, facultative anaerobic, non-
spore-forming bacterium of the genus Listeria, which is 
widely spread in the environment, and can causesevere 
invasive diseases such as septicemia, meningoencepha-
litis, mastitis, and abortion in humans and animals, 
primarily affecting pregnant, new-born, and immuno-
compromised individuals(1, 2). In addition to increased 
incidence of Listeriosis caused by L. monocytogenes in the 
recent years (1), and zoonosis, public health and food-
born aspects of the disease, damages and economic loss-
es of thebacterium due to abortion, mastitis, and menin-
goencephalitis in livestock, play an effective and vital role 
in increasing the importance of the disease in the world.

Listeria species are tolerant to extreme conditions such 
as low pH, low temperature, and high salt conditions (3, 
4). Therefore, the Listeria species can be found in a variety 
of environments, including sewage, water, silage, soil, ef-
fluents and foods, which doubles the problem. In total L. 
monocytogenes can cause mastitis (5), metritis, keratocon-
junctivitis, encephalitis, reproductive diseases, and iritis 
(6-8). Several reports showed that the L. monocytogenes 
can be detected in various animal samples, such as meat 
(9), milk (9), and feces (10).

Previous study showed that the L. monocytogenes is a 
causative agent for 3.58% of the cases of bovine abortion 
(11). A previous study from Turkey showed that the preva-
lence of L. monocytogenes was 4.36% in chickens, 0.58% in 
sheep, and 1.53% in cattle fecal samples (12). Several studies 
in Australia (13), Spain (14), the USA (15), Canada (16),and 
Iran (17)showed 1.5% to 4.1% prevalence of L. monocytogenes 
in raw milk.

There are various methods for the diagnosis of Liste-
riosis such as culture, serology and molecular methods. 
The standard analytical methods for the detection of L. 
monocytogenes are culture and biochemical assays, but 
they may have some dangers for laboratory workers, and 
usually require at least 10 days for the complete L. mono-
cytogenes identification (18). Moreover, the detection of 
this pathogen in clinical samples using these standard 
methods is difficult due tothe sporadic or low levels of 
contamination (&#60;100 CFU/ g), the presence of a high 
level of background microflora, and competitor organ-
isms whichcould mask the presence of L. monocytogenes 
(19).

The presence of cross contamination with other bac-
teria, and even fungi may exist in these traditional di-
agnostic methods. Despite the popularity of serological 
methods, they have low sensitivity and specificity for the 
detection of L. monocytogenes in clinical samples, and al-
ways take days to be completed (20). In these years DNA-
based methods such as conventional PCR and real-time 
PCR have been developed as safe, useful, sensitive, and 
accurate methods for the detection of L. monocytogenes in 

clinical specimens (21, 22).
Despite these challenges, classical cultivation tech-

niques have been still remained as the official methods 
used. To our knowledge, in most cases infected with L. 
monocytogenes, if the treatment be not sufficient, in addi-
tion to weakening the body immunity and susceptibility 
to other diseases, it can lead to death. Treatment of diseas-
es caused by this bacterium often requires antimicrobial 
therapy; however antibiotic-resistant strains of bacteria 
cause more severe diseases for longer periods of time 
than their antibiotic-susceptible counterparts. Several 
studies have shownthat antibiotic resistantof L. monocy-
togenes is increasing day by day (23-25). Therefore, identi-
fication of antibiotic resistance properties of bacterium 
is very essential in the reduction of treatment costs.

2. Objectives

The epidemiology of Listeriosis is essentially unknown 
in Iran, and it seems that the prevalence rate, comparing-
shedding routes, and antimicrobial resistance properties 
of L. monocytogenes in bovine, ovine, caprine, buffalo, and 
camel species in Iran havenever been reported. Therefore 
the two-fold purposeof the current study wasto study 
and compare shedding and antibiotic resistance proper-
ties of L. monocytogenes isolated from milk, feces, urine, 
and vaginal secretion of bovine, ovine, caprine, buffalo, 
and camel species.

3. Materials and Methods

3.1. Sample Collection
From April to November of 2011, a total of596 milk, 619 

feces, 443 vaginal swab, and 522 urine samples were col-
lected from 101 bovine, 100 ovine, 98 caprine, 91 buffalo, 
and 65 camel herds in various parts of Iran (Table 1). The 
animals which their milk, feces, urine, and vaginal se-
cretions samples collected for this study were clinically 
healthy, and the samples hadnormal findings in physical 
characteristics examinations. Samples were collected un-
der sterile conditions, and were immediately transported 
at 4°C to laboratory in a cooler with ice packs. All samples 
were kept at –20 °C until the processing.

In this study the fecal samples were placed in separate 
sterile plastic bags to prevent spilling, and cross con-
tamination, and immediately transported to laboratory 
in an ice box. Fecal suspensions were prepared at10% to 
20% (w/v) in0.01 Mphosphate-buffered saline (PBS) pH 7.2, 
and centrifuged at 3,000 x g for 15 min at 4 °C. The super-
natants were used for DNA extraction. The vaginal secre-
tions of each species were collected using sterile wet vagi-
nal swabs, and immediately transported to laboratory in 
an ice box too.
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3.2. Culture
For L. monocytogenes detection in samples, microbio-

logical standard methods were used (18). Briefly, 1 g or 1 
mL of each sample was aseptically taken, cultured in 9 
mL of Listeria enrichment  broth (UVM I) (Merck, Germa-
ny), and incubated at 37 °C for 24 h. One mL of primary 
enrichments were transferred to 9 mL of UVM II (Frazer 
broth) (Merck, Germany), and incubated at 37 °C for 24 h. 
Secondly enrichments were streaked onto Oxford agar 
(Merck, Germany) and Palcam agar (Merck, Germany), 
and incubated at 35 °C for 48 h.

The plates were examined for Listeria colonies (black 
colonies with black sunken), and at least 3 suspected 
colonies were subcultured on Trypton Soy agar supple-
mented with 0.6% of yeast extract (TSAYE) (Merck, Germa-
ny), and incubated at 37 °C for 24 h. All the isolates were 
subjected to standard biochemical tests including gram 
staining, catalase test, motility test at 25 °C, and 37 °C, acid 
production from glucose, mannitol, rhamnose, xylose, 
α-methyl-D-mamoside, and nitrate reduction, hydrolysis 
of esculin, MR/VP test, ß-hemolytic activity, and CAMP test.

3.3. DNA Extraction
DNA extraction was performed based on the previous 

method (26),which is briefly as follows; after centrifug-
ing the enrichment culture for 10 min at 12,000g, 200 µl 
of the sample were transferred to the microcentrifuge 
tube reaction containing the ready to use lysis reagent 
(Listeria Short- Prep Kit, Molecular Roche), each tube 
was mixed by inversion for 2s, and centrifuged for 5 min 
at 8000g, the supernatant was discarded, and 200 µl of 
resuspension reagent (Listeria ShortPrep Kit, Molecular 
Roche) was added. The reaction tubes were placed in the 
cell disruption unit (Roche, Molecular) for 8 min, and the 
lysates were incubated for 5 min at 95 °C, and centrifuged 
for 13,000g at 1 min.

3.4. Conventional PCR Technique
PCR assays were performed in 50 mL reaction volumes. 

The primer pair consisting of primer A [5’-CAT TAG TGG 
AAA GAT GGA ATG -3’], and primer B [5’-GTA TCC TCC AGA 
GTG ATC GA -3’] was used for the amplification of a 730 
bp region of the hly gene (27). PCR was performed in the 
Perkin Elmer Gen Amp PCR system 2400 thermal cycler. 
Amplification conditions were optimized to the thermal 
cycler, and were as follows: 80°C for 10 min, an initial de-
naturation at 94 °C for 3 min, 30 cycles of denaturation at 
94 °C for 30 sec, annealing at55 °C for 30 sec, and exten-
sion at 72 °C for 30 sec, then a final extension at 72 °C for 
2 min.

The amplified DNA was analyzed by gel electrophore-
sis on a 1.2 % agarose gel stained with ethidium bromide 
(3 mL/100 mL). A 100 bp ladder (Promega) was used as a 
reference marker. Tris-borate EDTA (0.5´) was used as the 

running buffer, and the gel was viewed using UV transil-
lumination at a wavelength of 254 nm.

3.5. Real-Time PCR Technique
Used from the assay which was developed by O’Grady 

et al. (28). Real-time PCR amplification was performed 
on the Light Cycler using the ‘‘Light Cycler Fast Start DNA 
master hybridization probes’’ kit (Roche Diagnostics, 
Mannheim, Germany). PCR was performed in a final vol-
ume of 20 ml including 2 ml of template DNA in 10× Light 
Cycler hybridization buffer with MgCl2 adjusted to 5 mM 
concentration. PCR primers (0.5 mM concentration), and 
FRET hybridization probes for L. monocytogenes and IAC 
targets (0.2 mM concentration) were added to the reac-
tion mixture, and the volume was increased to 20 ml by 
addingnuclease free dH2O.

The cycling parameters consisted of: 95 °C incubation 
for 10 min for enzyme activation and DNA denaturation, 
followed by 45 PCR amplification cycles consisting of 95 
°C for 10 sec, 55 °C for 20 sec, and72 °C for 10 sec. The tem-
perature transition rate for all cycling steps was 20 °C /sec. 
Fluorescence acquisition was at the end of the annealing 
stage of each cycle. The thermocycling program was fol-
lowed by a melting program of 95 °C for 1 min (denatur-
ation), 45 °C for 30 sec (annealing), and then 45-80 °C at a 
transition rate of 0.1 °C /ecs with continual monitoring of 
fluorescence.

All subsequent analysis was performed in the F2/BackF1 
(ssrA gene target), and F3/ BackF1 (IAC) channels with col-
or compensation using the second derivative maximum 
option of the Light Cycler software (version3.5). A no-tem-
plate negative control was included in each run. For clini-
cal samples with negative results for L. monocytogenes by 
the standard method which yielded a positive result with 
the rapid method, the ssrA gene PCR product generated 
in the rapid method for these samples was sequenced (Se-
quiserve, Vaterstetten, Germany).

The sensitivity and specificity of each test weredeter-
mined using the formulaeas follows:

Sensitivity: True positive/True positive + false negative x 
100 

Specificity: True negative/True negative + positive x 100

3.7. Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing was performed 

by the Kirby–Bauer disc diffusion method using Muel-
ler–Hinton agar (HiMedia Laboratories, Mumbai, India, 
MV1084), according to the Clinical and Laboratory Stan-
dards Institute guidelines (29). This medium contains MH 
agar, 5% defibrinated horse blood,20 mg/L β-NAD (MH-F). 
The antimicrobial agents tested and their corresponding 
concentrations were as follows: sulfamethoxazol (25 µg/
disk), trimethoprim (5 µg/disk), chloramphenicol (30 µg/
disk), enrofloxacin (5 µg/disk), tetracycline (30 µg/disk), 
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gentamycin (10 µg/disk), cephalothin (30 µg/disk), ampi-
cillin (10 u/disk), and streptomycin (10 µg/disk). Isolates 
were cultured in trypticase-soy broth(TSB) supplemented 
with 0.6% yeast extract, and transferred to Mueller–Hin-
ton agar (Oxoid CM 337). The plates were incubated at 
35°C in 5% CO2 in air for 18 h. In this study Staphylococcus 
aureus ATCC 29213 was used as the quality control.

3.8. Statistical Analysis
Data wastransferred to Microsoft Excel spreadsheet (Mi-

crosoft Corp., Redmond, WA, USA) for analysis using SPSS 
18.0 statistical software (SPSS Inc., Chicago, IL, USA). Chi-
square test analysis was performed, and differences were 
considered significant at values of P < 0.05.

4. Results 
In this study a total of 596 milk, 619 feces, 443 vaginal 

swab, and 522 urine samples from 101 bovine, 100 ovine, 
102 caprine, 91 buffaloes, and 65 camel herds of Iran were 
tested for the presence of L. monocytogenes by evaluation 

of culture, conventional and real-time PCR assays. The 
culture method showed that totally 186 of 2180 samples 
(8.53%) including 58 (2.66%) milk, 40 (1.83%) feces, 42 
(1.92%) vaginal secretions, and 46 (2.11%) urine had posi-
tive results for L. monocytogenes (Table 1).

Quality of DNA extracted after agarose gel electropho-
resis from milk, feces, vaginal swab, and urine of bovine, 
ovine, caprine, buffalo, and camel species were considered 
acceptable, and diagnosed suitable for PCR assay. Results 
indicated that from a total of 596 milk, 619 feces, 443 vagi-
nal swab, and 522 urine samples, 61 (10.23%), 40 (6.46%), 43 
(9.7%), and 48 (9.19%) samples showed the band with the 
size of 730 bp in conventional PCR, and were recognized as 
positive for the presence of L. monocytogenes (Figure 1).

After Light Cycler Real-time PCR, 69 (11.57%) milk, 48 
(7.75%) feces, 53 (11.96%) vaginal swab, and 57 (10.91%) 
urine hadpositive results for the presence of L. monocy-
togenes (Table 2). Our study showed that the sensitivity 
and specificity of conventional PCR, and real-time PCR 
assays were 94% and 99.1%, and 100% and 97.9%, respec-
tively (Table 3).

Table 1. Application of Culture Method to Detect L. monocytogenes in Milk, Urine, Feces, and Vaginal Secretion of Bovine, Ovine, Cap-
rine, Buffalo, and Camel Species.

Species Samples, No. Culture Method (%)

Milk Feces Vaginal Swab Urine Milk Feces Vaginal Swab Urine

Bovine 120 146 97 123 11 (9.16) 5 (3.42) 8 (8.24) 5(4.06)

Ovine 115 128 88 106 15 (13.04) 10 (8.59) 10 (11.36) 14(13.2)

Caprine 143 139 89 100 17 (12.58) 18 (13.66) 9 (11.23) 12(12)

Buffalo 108 106 81 98 9 (10.18) 4 (4.71) 5 (6.17) 7(7.14)

Camel 101 100 79 95 6 (5.94) 3 (4) 10 (13.92) 8(9.47)

Total 596 619 434 522 58 (9.73) 40 (6.46) 42(9.48) 46(8.81)

Table 2. Distribution of L. monocytogenes in Milk, Feces, Vaginal Secretions and Urine of Bovine, Ovine, Caprine, Buffalo, and Camel 
Species Using Conventional and Real-Time PCR Assays in Iran.

Samples, No. Conventional PCR (%) Real-Time PCR (%)

Spe-
cies 

Sam-
ples, 
No. 

Conven-
tional 
PCR (%) 

Real-
Time 
PCR (%)

Milk Feces Vaginal 
Swab

Urine Milk Feces Vaginal 
Swab

Urine

Milk Fe-
ces 

Vaginal 
Swab 

Urine Milk Feces Vaginal 
Swab 

Urine Milk Feces Vaginal 
Swab 

Urine 7 (5.69)

Bovine 146 97 123 12 (10) 5 (3.42) 8 (8.24) 6 (4.87) 13 (10.83) 7 (4.79) 9 (9.27) 7 (5.69) 18 
(16.98)

Ovine 115 128 88 106 16 (13.91) 10 (8.59) 10 (11.36) 15 (15.09) 17 (14.78) 11 (8.59) 13 (14.77) 18 
(16.98)

Caprine 143 139 89 100 17 (12.58) 18 
(13.66) 

9 (11.23) 12 (12) 18 (12.58) 20 
(14.38) 

11 (12.35) 13 (13)

Buffalo 108 106 81 98 9 (10.18) 4 (4.71) 6 (7.4) 7(7.14) 12 (11.11) 6 (5.66) 8 (9.87) 9(9.18)

Camel 101 100 79 95 7 (6.93) 3 (4) 10 (13.92) 8(9.47) 9 (8.91) 4 (4) 12 (15.18) 10 
(10.52)

Total 596 619 434 522 61 
(10.23) 

40 
(6.46) 

43 (9.7) 48(9.19) 69 (11.57) 48 (7.75) 53 (11.96) 57 
(10.91)
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Statistical analysis showed significant differences (P 
< 0.05) between the levels of bacterium in bovine milk 
andfeces and urine, ovine milk andfeces, buffalo milk 
andfeces, and finally camel vaginal secretions andfe-
ces. In addition, the statistical analyses were significant 
(P < 0.05) between the levels of bacterium shedding in 
ovine milk and camel milk, caprine feces and camel and 
bovine feces, camel vaginal secretions and bovine and 
buffalo vaginal secretions, and finally ovine urine and 
bovine urine samples.

Figure 1. Conventional PCR for the Detection of L. monocytogenes in Vari-
ous Animal Species.

730 bp

1;100 bp ladder, 2-6 are positive samples for bovine, ovine, caprine, buffalo, 
and camel species, 7; positive control.

Our results showed that there were no significant dif-
ferences between the ability of conventional PCR and 
real-time PCR for the detection of L. monocytogenes in 
milk, feces, vaginal swab, and urine of all species. This 

study showed the higher accuracy and sensitivity of 
real-time PCR than conventional PCR for the detection 
of L. monocytogenes in all clinical samples. Therefore the 
prevalence rates of L. monocytogenes in milk, feces, vagi-
nal secretions, and urine of animals in Iran were 11.57%, 
77.75%, 11.96%, and 10.91%, respectively (Table 2).

Results showed that the L. monocytogenes had the high-
est shedding in bovine milk (10.83%), ovine urine (16.98%), 
caprine feces (14.38%), buffalo milk (11.11%), and camel vagi-
nal secretion (15.18%). In addition, the results of our study 
showed that ovine were the most sensitive, and buffalo 
was the most resistance species to L. monocytogenes, re-
spectively.

Our results indicated that the total prevalence of re 
sistance to tetracycline, penicillin, streptomycin, sulfa-
methoxazol, gentamycin, and erythromycin were 71.3%, 
43.6%, 34.8%, 33.9%, and 33.03%, respectively (Table 4). Also, 
antibiotic resistance to chloramphenicol, ampicillin, en-
rofloxacin, lincomycin, and cephalotin were 29.9%, 29.5%, 
20.7%, 16.7%, and 15.85%, respectively (Table 3). Our results 
showed that the bacterium had a lowest antibiotic resis-
tance to nitrofurantoin (5.72%), trimethoprim (11.01%) and 
ciprofloxacin (11.8%) while tetracycline had the highest an-
tibiotic resistance (71.3%). Results showed that all L. mono-
cytogenes isolated from milk, feces, urine, and vaginal 
secretions of bovine, ovine, caprine, buffalo, and camel 
species had resistance to one or more antibiotics. Statis-
tical analysis showed significant differences (P < 0.05) be-
tween resistances to nitrofurantoin and tetracycline in all 
animal species.

Table 3. Evaluation of Sensitivity and Specificity of Conventional PCR and Real-Time PCR for the Detection of L. monocytogenes in All 
Clinical Samples. The Sensitivity andSpecificity of the Conventional Method Were 94% and 99.1%, and the Sensitivity and Specificity of 
the Real-Time PCR Were 100% and 97.9%.

Culture Positive Culture Negative Total

Conventional PCR positive 175 17 192

Conventional PCR negative 11 1977 1988

Total 186 1994 2180

Real-time PCR positive 186 41 227

Real-time PCR negative 0 1953 1953

Total 186 1994 2180

5. Discussion

The present study was designed for the detection of 
L. monocytogenes in milk, urine, feces, and vaginal se-
cretions of bovine, ovine, caprine, camel, and buffalo 
species using conventional and real-time PCR assays, 
and also evaluating their performance as sensitive, spe-
cific, and accurate diagnostic methods. Results showed 
that the real-time PCR assays due to higher sensitivity 
and accuracy was more suitable for the detection of L. 
monocytogenes in clinical samples. In addition, the real-

time PCR assay had some advantages compared to the 
conventional PCR; it was demonstrated as an important 
diagnostic tool yielding reliable and reproducible re-
sults, and didnot require post-PCR analysis (gel electro-
phoresis, hybridization). Besides, the real-time PCR has 
a limited risk of cross contamination than conventional 
PCR. But the real-time PCR is more expensive than con-
ventional PCR.

This study showed that the conventional PCR method 
is more technically time-consuming and labour-inten-
sive 



Shedding Routes and Antibiotic Resistance of L. monocytogenes Safarpoor Dehkordi F et al.

289Jundishapur J Microbiol. 2013;6(3)

Ta
bl

e 
4.

 A
nt

ib
io

tic
Re

sis
ta

nc
e P

ro
pe

rt
ie

s o
f L

. m
on

oc
yt

og
en

es
 Is

ol
at

ed
 Fr

om
 M

ilk
, F

ec
es

, U
rin

e, 
an

d 
Va

gi
na

l S
ec

re
tio

n 
of

 B
ov

in
e, 

Ov
in

e, 
Ca

pr
in

e, 
Bu

ffa
lo

, a
nd

 C
am

el
 (D

isk
 D

iff
us

io
n 

M
et

ho
d)

. 

L.m
on

oc
yt

og
en

es
(+

)a
P1

0b  (%
)

TE
30

 (%
)

S1
0 

(%
)

C3
0 

(%
)

SX
T 

(%
)

GM
10

 (%
)

E1
5 

(%
)

N
FX

5 (
%)

L2
 (%

)
CF

30
 (%

)
CI

P5
 (%

)
TM

P5
 (%

)
F/

M
30

0 
(%

)
AM

10
 (%

)

Bo
vi

ne
 m

ilk
 (1

3)
7

9
2

2
5

6
7

5
3

3
3

2
1

5

Bo
vi

ne
 u

ri
ne

 (7
)

4
6

1
1

2
3

3
2

1
1

1
1

-
3

Bo
vi

ne
 fe

ce
s (

9)
5

7
2

2
3

3
3

3
2

2
-

-
-

2

Bo
vi

ne
 v

ag
in

al
 se

cr
et

io
n 

(7
)

4
5

2
2

1
2

2
1

1
-

-
1

-
3

To
ta

l B
ov

in
e 

(3
6)

20
 (5

5.5
)

27
 (7

5)
7 (

19
.4

)
7 (

19
.4

)
11 

(3
0.

5)
14

 (3
8.

8)
15

 (4
1.6

)
11 

(3
0.

5)
7 (

19
.4

)
6 

(16
.6

)
4 

(11
.1)

4 
(11

.1)
1(2

.7)
13

()

O
vi

ne
 m

ilk
 (1

7)
10

15
9

9
10

10
10

8
3

3
2

2
2

9

O
vi

ne
 u

ri
ne

 (1
1)

6
8

4
4

6
5

5
3

2
1

1
1

-
5

O
vi

ne
 fe

ce
s(

13
)

6
10

3
3

3
4

4
1

2
1

2
1

1
3

O
vi

ne
 v

ag
in

al
 se

cr
et

io
n 

(1
8)

10
15

9
8

11
11

10
8

5
5

4
3

3
9

To
ta

l O
vi

ne
 (5

9)
32

 (5
4.

2)
48

 (8
1.3

)
25

 (4
2.3

)
24

 (4
0.

6)
30

 (5
0.

8)
30

 (5
0.

8)
30

 (5
0.

8)
20

 (3
3.8

)
12

 (2
0.

3)
10

 (1
6.

9)
9 

(15
.2)

7 (
11.

8)
5(

8.
4)

26
(4

4.
06

)

Ca
pr

in
em

ilk
 (1

8)
9

15
6

5
8

8
7

4
3

3
3

3
3

5

Ca
pr

in
eu

ri
ne

 (2
0)

12
17

12
8

10
10

8
3

5
4

3
3

2
8

Ca
pr

in
ef

ec
es

 (1
1)

3
6

4
2

2
1

2
1

1
-

-
2

-
1

Ca
pr

in
ev

ag
in

al
 se

cr
et

io
n 

(1
3)

2
7

2
1

1
2

3
-

-
1

1
1

-
2

To
ta

lC
ap

ri
ne

(6
2)

27
 (4

3.5
)

45
 (7

2.5
)

24
 (3

8.
7)

16
 (2

5.8
)

21
 (3

3.8
)

21
 (3

3.8
)

20
 (3

2.2
)

8 (
12

.9
)

9 
(14

.5)
8 (

12
.9

)
7 (

11.
2)

9 
(14

.5)
5(

8.
06

)
16

(2
5.8

)

Bu
ff

al
o 

m
ilk

 (1
2)

7
11

7
8

2
2

2
1

2
3

1
-

-
2

Bu
ff

al
o 

ur
in

e 
(6

)
1

3
1

1
1

1
1

-
-

1
-

-
-

-

Bu
ff

al
o 

fe
ce

s (
8)

1
3

2
2

1
1

-
-

-
-

1
1

-
-

Bu
ff

al
o 

va
gi

na
l s

ec
re

ti
on

 (9
)

2
4

2
1

2
2

1
1

2
1

1
1

1
2

To
ta

l B
uff

al
o 

(3
5)

11 
(3

1.4
)

21
 (6

0)
12

 (3
4.

2)
12

 (3
4.

2)
6 

(17
.1)

6 
(17

.1)
4 

(11
.4

)
2 (

5.7
)

4 
(11

.4
)

5 (
14

.2)
3 (

8.
5)

2 (
5.7

)
1(2

.8
)

4(
11.

4)

Ca
m

el
 m

ilk
 (9

)
2

5
2

1
1

2
1

2
1

3
-

-
-

3

Ca
m

el
 u

ri
ne

 (4
)

1
1

1
-

-
-

-
-

-
-

-
-

-
-

Ca
m

el
fe

ce
s (

12
)

3
8

4
3

4
2

2
3

2
2

3
1

-
3

Ca
m

el
 v

ag
in

al
 se

cr
et

io
n 

(1
0)

3
7

4
5

6
2

3
1

3
2

1
2

1
2

To
ta

l c
am

el
 (3

5)
9 

(2
5.7

)
21

 (6
0)

11 
(3

1.4
)

9 
(2

5.7
)

11 
(3

1.4
)

6 
(17

.1)
6 

(17
.1)

6 
(17

.1)
6 

(17
.1)

7 (
20

)
4 

(11
.4

)
3 (

8.
5)

1(2
.8

)
8(

22
.8

)

To
ta

l (
22

7)
99

 (4
3.6

)
16

2 (
71

.3)
79

 (3
4.

8)
68

 (2
9.

9)
79

 (3
4.

8)
77

 (3
3.9

)
75

 (3
3.0

3)
47

 (2
0.

7)
38

 (1
6.

7)
36

 (1
5.8

5)
27

 (1
1.8

)
25

 (1
1.0

1)
13

(5
.72

)
67

(2
9.

5)
a  p

os
iti

ve
 re

su
lts

 w
er

e f
ro

m
 th

e r
ea

l-t
im

e P
CR

 as
sa

y
b  th

is 
ta

bl
e 

P1
0=

 p
en

ic
ill

in
 (1

0 
u/

di
sk

); 
TE

30
= 

te
tr

ac
yc

lin
e 

(3
0 

µg
/d

isk
); 

S1
0=

 st
re

pt
om

yc
in

 (1
0 

µg
/d

isk
); 

C3
0=

 c
hl

or
am

ph
en

ic
ol

 (3
0 

µg
/d

isk
); 

SX
T=

 su
lfa

m
et

ho
xa

zo
l (

25
 µ

g/
di

sk
); 

GM
10

= 
ge

nt
am

yc
in

 (1
0 

µg
/

di
sk

); 
E1

5=
 er

yt
hr

om
yc

in
 (1

5 µ
g/

di
sk

); 
N

FX
5=

 en
ro

flo
xa

ci
n 

(5
 µ

g/
di

sk
); 

L2
= 

lin
co

m
yc

in
 (2

 µ
g/

di
sk

); 
CF

30
= 

ce
ph

al
ot

hi
n 

(3
0 

µg
/d

isk
); 

CI
P5

= 
ci

pr
ofl

ox
ac

in
 (5

 µ
g/

di
sk

); 
TM

P5
= 

tr
im

et
ho

pr
im

 (5
 µ

g/
di

sk
); 

F/
M

30
0=

 
ni

tr
of

ur
an

to
in

 (3
00

 µ
g/

di
sk

); 
AM

10
= 

am
pi

ci
lli

n 
(10

 u
/d

isk
).



Shedding Routes and Antibiotic Resistance of L. monocytogenesSafarpoor Dehkordi F et al.

Jundishapur J Microbiol. 2013;6(3)290

for detecting L. monocytogenes than the real-time PCR 
assay. The real-time PCR assay which was used in this 
study could simplify the procedure by testing presump-
tive L. monocytogenes genome taken directly from clini-
cal samples. In addition, compared with culture, the 
PCR has the primary advantages of being more sensitive 
and more rapid. However, the conventional PCR had a 
higher specificity than the real-time method (99.1% ver-
sus 97.9%) but due to higher sensitivity, safety, lower 
risks to laboratories and time wasted we recommended 
using real-time PCR for the detection of L. monocytogenes 
in clinical samples.

Since, PCR has been developed for the detection of L. 
monocytogenes in a wide variety of clinical samples such 
as salads (30), meta (31), water (32), salmon products 
(33), cheese (34), food(35), milk (36), urine (37), fecal (37), 
vaginal swab (38),and in all of these studies PCR has 
been introduced as an accurate and sensitive assay for 
the detection of L. monocytogenes. Many studies showed 
that in most cases animal products such as unpasteur-
ized milk, soft cheeses, raw milk, butter, chocolate milk, 
and even poultry products are the main sources for 
human listeriosis (39-42). Our results showed that the 
livestock resources such as milk, feces, urine, and vagi-
nal fluids could contaminate the environment, animals 
and human with L. monocytogenes. Our results showed 
that bovine milk (10.83%), ovine urine (16.98%), caprine 
feces (14.38%), buffalo milk (11.11%), and camel vaginal 
secretions (15.18%) had the highest levels of L. monocyto-
genes. So it can be concluded that L. monocytogenes can 
be a potential factor for causing abortion in camel, and 
mastitis in bovine and buffalo. Besides, L. monocytogenes 
is able to substitution in ovine urine and caprine feces.

To our knowledge, L. monocytogenes can causes enceph-
alitis, uterine infections (abortion and septicemia in 
neonates), eye infections, and keratitis in ruminants. L. 
monocytogenes can be shed in the fecal material of clini-
cally affected animals; however, healthy animals also 
can be latent L. monocytogenes carriers (43). Previous 
study showed that up to 50% of fecal samples collected 
from animals with no clinical symptoms of listeriosis 
(including sheep, cattle, pigs, goats, and poultry) may 
contain L. monocytogenes (44). Although most animal 
listeriosis appears to be caused by ingestion of silage 
contaminated with high levels of L. monocytogenes, but 
not all cases are feedborne (45). It seems that, the L. 
monocytogenes are tolerant to extreme conditions such 
as low temperature, low pH, and even high salt condi-
tions. Therefore, it can be found in a variety of environ-
ments, including sewage, soil, silage, effluents, water, 
and foods. Therefore, it is enough for thehuman and 
animalsto use these contaminated resources like foods 
and silages to become infected. It seems that the silages 
of infected animals of our study are contaminated with 
soil, sewage or had the low pH.

Unfortunately, there is no available data or study about 

the detection of L. monocytogenes in clinical samples 
such as milk, feces, urine, and vaginal secretions of vari-
ous animal species, and our study is the first report of 
direct detection of bacterium in these clinical samples. 
Another study (46) showed that from the total 24 case 
farms enrolled, 16 had case animals with encephalitis, 4 
had case animals with abortions, 3 had cows with clini-
cal mastitis, and 1 had an animal with keratitis.

This previous survey indicated that a total of 414 
samples (107 fecal, 120 soil, 87 feedstuff, and 100 water) 
hadpositive results for L. monocytogenes, yielding an 
overall prevalence of 20.1% (overall, 22.2% of samples col-
lected on bovine farms, and 16.8% of samples collected 
on small-ruminant farms tested positive for L. monocy-
togenes) (46). Studies showed that the gastrointestinal 
tract of animals, environment, and skin of the teats are 
the most common sources for L. monocytogenes in raw 
milk (47, 48). Previous study showed that shedding of 
Listeria into bovine milk (49) is less frequent, which isin 
contrast with our results.

In the past, there wasno antibiotic resistance for theLis-
teria species, and all of them were uniformly susceptible 
to common antibiotics including ampicillin or penicillin, 
trimethoprim, tetracyclines, erythromycin, and gentami-
cin (50, 51). The first antibiotic-resistant in L. monocytogenes 
was described in 1988 (23), and then many more resistant 
strains have been detected in food and sporadic cases of 
listeriosis (24, 52). To our knowledge, these antibiotic re-
sistances occurred duringseveralyears due to irregular 
andsteadyuse ofantibiotics. It seems that antibiotic resis-
tances of animal species have beentransferred to human 
through foods with animal origin.

Study in Botswana showed that from the total 57 samples 
with positive results of L. monocytogenes, 31 (54.39%) were 
resistant to one or more antibiotics. This study on Botswa-
na showed that resistance to penicillin G, sulphamethoxa-
zole/trimethoprim, chloramphenicol, and tetracycline 
were 42.11, 29.82%, 28.30%, and 22.81%, respectively (53). Our 
study showed that L. monocytogenes had the highest anti-
biotic resistance to tetracycline (71.3%), which was higher 
than the USA (8.4%) (25). Previous study showed that tet-
racycline resistance is thought to originate from the use 
of antibiotic in animal production (54). In another study 
disc diffusion method showed that all strains of L. monocy-
togenes which were isolated from food samples were sus-
ceptible to penicillin G, vancomycin, tetracycline, chlor-
amphenicol, rifampicin, erythromycin, gentamicin, and 
trimethoprim (55).

This study showed that the sensitivity of the only one 
L. monocytogenes against streptomycin was 12.2%, but 
our results indicated 34.8% resistance of the bacterium 
to streptomycin. Morobe et al. showed that resistance to 
streptomycin was 19.30% in various food samples (53). 
Our study showed that L. monocytogenes had variable 
resistance to different antibiotics in various species. For 
example resistance to streptomycin in bovine, 
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for detecting L. monocytogenes than the real-time PCR 
assay. The real-time PCR assay which was used in this 
study could simplify the procedure by testing presump-
tive L. monocytogenes genome taken directly from clini-
cal samples. In addition, compared with culture, the 
PCR has the primary advantages of being more sensitive 
and more rapid. However, the conventional PCR had a 
higher specificity than the real-time method (99.1% ver-
sus 97.9%) but due to higher sensitivity, safety, lower 
risks to laboratories and time wasted we recommended 
using real-time PCR for the detection of L. monocytogenes 
in clinical samples.

Since, PCR has been developed for the detection of L. 
monocytogenes in a wide variety of clinical samples such 
as salads (30), meta (31), water (32), salmon products 
(33), cheese (34), food(35), milk (36), urine (37), fecal (37), 
vaginal swab (38),and in all of these studies PCR has 
been introduced as an accurate and sensitive assay for 
the detection of L. monocytogenes. Many studies showed 
that in most cases animal products such as unpasteur-
ized milk, soft cheeses, raw milk, butter, chocolate milk, 
and even poultry products are the main sources for 
human listeriosis (39-42). Our results showed that the 
livestock resources such as milk, feces, urine, and vagi-
nal fluids could contaminate the environment, animals 
and human with L. monocytogenes. Our results showed 
that bovine milk (10.83%), ovine urine (16.98%), caprine 
feces (14.38%), buffalo milk (11.11%), and camel vaginal 
secretions (15.18%) had the highest levels of L. monocyto-
genes. So it can be concluded that L. monocytogenes can 
be a potential factor for causing abortion in camel, and 
mastitis in bovine and buffalo. Besides, L. monocytogenes 
is able to substitution in ovine urine and caprine feces.

To our knowledge, L. monocytogenes can causes enceph-
alitis, uterine infections (abortion and septicemia in 
neonates), eye infections, and keratitis in ruminants. L. 
monocytogenes can be shed in the fecal material of clini-
cally affected animals; however, healthy animals also 
can be latent L. monocytogenes carriers (43). Previous 
study showed that up to 50% of fecal samples collected 
from animals with no clinical symptoms of listeriosis 
(including sheep, cattle, pigs, goats, and poultry) may 
contain L. monocytogenes(44). Although most animal 
listeriosis appears to be caused by ingestion of silage 
contaminated with high levels of L. monocytogenes, but 
not all cases are feedborne (45). It seems that, the L. 
monocytogenes are tolerant to extreme conditions such 
as low temperature, low pH, and even high salt condi-
tions. Therefore, it can be found in a variety of environ-
ments, including sewage, soil, silage, effluents, water, 
and foods. Therefore, it is enough for thehuman and 
animalsto use these contaminated resources like foods 
and silages to become infected. It seems that the silages 
of infected animals of our study are contaminated with 
soil, sewage or had the low pH.

Unfortunately, there is no available data or study about 

the detection of L. monocytogenes in clinical samples 
such as milk, feces, urine, and vaginal secretions of vari-
ous animal species, and our study is the first report of 
direct detection of bacterium in these clinical samples. 
Another study (46) showed that from the total 24 case 
farms enrolled, 16 had case animals with encephalitis, 4 
had case animals with abortions, 3 had cows with clini-
cal mastitis, and 1 had an animal with keratitis.

This previous survey indicated that a total of 414 
samples (107 fecal, 120 soil, 87 feedstuff, and 100 water) 
hadpositive results for L. monocytogenes, yielding an 
overall prevalence of 20.1% (overall, 22.2% of samples col-
lected on bovine farms, and 16.8% of samples collected 
on small-ruminant farms tested positive for L. monocy-
togenes) (46).Studies showed that the gastrointestinal 
tract of animals, environment, and skin of the teats are 
the most common sources for L. monocytogenes in raw 
milk (47, 48). Previous study showed that shedding of 
Listeria into bovine milk (49)is less frequent, which isin 
contrast with our results.

In the past, there wasno antibiotic resistance for the-
Listeria species, and all of them were uniformly suscep-
tible to common antibiotics including ampicillin or 
penicillin, trimethoprim, tetracyclines, erythromycin, 
and gentamicin (50, 51). The first antibiotic-resistant in 
L. monocytogenes was described in 1988 (23), and then 
many more resistant strains have been detected in food 
and sporadic cases of listeriosis (24, 52). To our knowl-
edge, these antibiotic resistances occurred duringsev-
eralyears due to irregular andsteadyuse ofantibiotics. It 
seems that antibiotic resistances of animal species have 
beentransferred to human through foods with animal 
origin.

Study in Botswana showed that from the total 57 sam-
ples with positive results of L. monocytogenes, 31 (54.39%) 
were resistant to one or more antibiotics. This study on 
Botswana showed that resistance to penicillin G, sul-
phamethoxazole/trimethoprim, chloramphenicol, and 
tetracycline were 42.11, 29.82%, 28.30%, and 22.81%, respec-
tively (53).Our study showed that L. monocytogenes had 
the highest antibiotic resistance to tetracycline (71.3%), 
which was higher than the USA (8.4%) (25). Previous 
study showed that tetracycline resistance is thought 
to originate from the use of antibiotic in animal pro-
duction (54). In another study disc diffusion method 
showed that all strains of L. monocytogenes which were 
isolated from food samples were susceptible to penicillin 
G, vancomycin, tetracycline, chloramphenicol, rifampi-
cin, erythromycin, gentamicin, and trimethoprim (55).

This study showed that the sensitivity of the only one 
L. monocytogenes against streptomycin was 12.2%, but 
our results indicated 34.8% resistance of the bacterium 
to streptomycin. Morobe et al. showed that resistance 
to streptomycin was 19.30% in various food samples 
(53). Our study showed that L. monocytogenes had vari-
able resistance to different antibiotics in various spe-
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cies. For example resistance to streptomycin in bovine, 
ovine, caprine, buffalo, and camel species were 19.4%, 
42.3%, 38.7%, 34.2%, and 31.4%, respectively. In addition to 
above, resistance against one antibiotic was very differ-
ent between various sources of bacterium in a species. 
For example resistance to penicillin in L. monocytogenes 
isolated from milk, feces, urine, and vaginal secretions 
of a species hadmanydisputes.

Our results indicated that resistance against chloram-
phenicol was 29.9%. Chloramphenicol is a forbidden 
antibiotic, and the high antibiotic resistance to chlor-
amphenicol in our study indicated the irregular and 
unauthorized duse of this drugin veterinary treatment 
in Iran. Unfortunately, veterinarians in many fields of 
veterinary such as large animal internal medicine, poul-
try and even aquaculture, use this antibiotic as a basic 
one. Therefore, ina very short period of time, antibiotic 
resistancehas been appeared. In many cases of listerio-
sis in animals in Iran, penicillin is one the useful choic-
es, but our results showed  high resistance against this 
drug (43.6%), and it was similar to other previous stud-
ies which have reported 66.7% (56), 5% (57), and 83% (58) 
resistance to penicillin. Facinelli et al. (52) showed that 
four strains of L. monocytogenes were resistant to one 
or more antibiotics (erythromycin, kanamycin, genta-
micin, rifampicin, SXT, tetracycline). According to the 
results of Yucel et al. among the Listeria isolates, only L. 
monocytogenes was resistant to SXT (66%) (59).

The multiple antibiotic resistances of L. monocytogenes 
which were seen in our study, and many other previous 
researches (60-62) showed that the veterinarians should 
pay more attention to prescribethe antibiotics

Our data suggests that (i) animals secretion such as 
milk, urine, vaginal fluid, and even feces can play im-
portant roles in the epidemiology and distribution 
of L. monocytogenes in environment; (ii) the shedding 
routes of L. monocytogenes differ between bovine, ovine, 
caprine, buffalo, and camel species; (iii) all animals of 
this study contributeto amplification and dispersal 
of L. monocytogenes into the farm environment; (iv) L. 
monocytogenes had the highest shedding in bovine milk 
(10.83%), ovine urine (16.98%), caprine feces (14.38%), buf-
falo milk (11.11%), and camel vaginal secretion (15.18%).; 
(v) Real-time PCR was more rapid, safe, sensitive, and 
accurate than conventional PCR for the detection of L. 
monocytogenes in clinical samples; (vi) Preventionfrom-
cutting down the pH of silage, and contamination of an-
imal’s silage with sewage and soil can be effective in the 
control of listeriosis in animals; (vii) thepresent study 
is the first report of  L. monocytogenes shedding routes 
in bovine, ovine, caprine, buffalo, and camel species in 
the world; (viii) L. monocytogenes isolated from bovine, 
ovine, caprine, buffalo, and camel milk, feces, vaginal 
secretions, and urine samples wasresistantto all penicil-
lin, tetracycline, streptomycin, chloramphenicol, sulfa-
methoxazol, gentamycin, erythromycin, enrofloxacin, 

lincomycin, cephalothin, ciprofloxacin, trimethoprim, 
nitrofurantoin, and ampicillin antibiotics, but due to 
highest resistance to tetracycline and lowest resistance 
to nitrofurantoin we recommend the use of nitrofuran-
toin instead of tetracycline in antibiotic prescription; 
(ix) we recommendto reduceantibioticprescribing, par-
ticularly in theveterinary medicine, and in prescribed 
cases use the disc diffusion method in Mueller–Hinton 
agar for evaluation theantibiotic resistance pattern.
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