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Abstract: Non-typhoid Sa/monella (NTS) are cosmopolitan bacterial zoonotic agents. The present study was
undertaken to determine the occurrence of NTS in human and camels and test the survival of Salmonella
enteritidis in abattoir effluents using volume germ carriers technique. A total of 50 human stool samples
including 30 diarrheic and 20 non-diarrheic were collected. Moreover, 108 camel samples were collected from
36 slaughtered camels including feces, mesenteric lymph nodes and liver, 36 each. All samples were cultured
by the standard methods for NTS and serotyped. Four (8%) Salmonella isolates were obtained from human
stool and 6(5.6%) from camel samples. The positive camel samples included 5 feces and one mesentric lymph
nodes with the frequencies of 13.9% and 2.8%, respectively. Nevertheless, the liver samples were Salmonella
free (N=36). Three replicates of volume germ carriers were inoculated with Salmonella enteritidis at 7 log
CFU/ml in final mix. The contents of germ carriers were examined on days 7, 14, 21 and 28 for the detection of
Salmonella enteritidis by the most probable number technique. The mean counts of the 3 replicates were 5,
3 and 0.7 log CFU/ml on days 7, 14 and 21, respectively. The mean number of Salmonella was decreased by
2.2 log week™. On the day 28, all the 3 replicates count were found to be under detection limit (< 0 log
CFU/ml). The results indicate that aerobic storage of abattoir effluents could minimize the risk of salmonellosis
in the environment under the research condition. It can be concluded that camels could be a potential reservoir

for NTS to humans and animals.
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INTRODUCTION

Non typhoid Salmonella (NTS) are zoonotic agents
and a wide variety of animals have been identified as a
reservoir [1-3]. There are more than 2,500 Salmonella
serovars in the world with new serovars emerging yearly
[4]. Individuals infected with NTS exhibit mild
gastrointestinal illness involving diarrhea, chills,
abdominal cramps, fever, head and body aches, nausea
and vomiting [5]. The prevalence of Salmonella species
in food production animal herds constitutes a challenge
for safe food production [6, 7].

A variety of foods have been implicated as vehicles
transmitting salmonellosis to humans, including poultry,
beef, pork, eggs, milk, cheese, fish, shellfish, fresh fruit
and juice and vegetables [8-10]. There is a lack of
available literature about the role of camel as a potential
reservoir for NTS in Egypt. Salmonellosis was previously
reported in calf camels with enteritis [11]. Moreover,

apparently healthy slaughtered camels could be carriers
of Salmonella species [12].

Determining the risks associated with spreading of
the circulating Salmonella serotypes in slaughtered
camels could be done by monitoring its survival in
abattoir effluents. The survival of Sa/monella in abattoir
effluents may pose a potential public health hazard and
contribute to the re-inoculation of the pathogen in the
herd environment [13]. The volume germ carrier [14] has
been used for microbial tenacity studies. This technique
avoids the contamination of investigated substrate
because the pores (0.2n) of the used membrane are
permeable to the fluid material to pass and contact the
bacteria. Nevertheless, the microorganisms cannot pass.
So, the germ carrier enables the tested bacteria to be
exposed to liquid substrate resembling the natural matrix.
Germ carrier techniques were used previously to study
the tenacity of microorganisms in slurry [15] and biogas
units [16].
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Salmonella serotyping is very important to the
epidemiology studies [4]. Epidemiologically, it is very
important to study the current status of NTS in human
and camel sources to fulfill the prevention and control
strategies for NTS infections. The present study was
carried out to determine the occurrence of Sal/monella
species in humans and camels as well as its survival in
abattoir effluents to monitor the potential risk of the
circulating Salmonella species strains in the examined
ecosystem.

MATERIALS AND METHODS

Collection of Samples: Fifty human stool samples from
the out-patient clinic of a Public Hospital (Zagazig) and
108 camel samples from Zagazig abattoir, (Egypt) were
collected during July and August 2010. From each
slaughtered camel; about 100 g individual sample, each
from feces (direct from the rectum), mesenteric lymph
nodes and liver were obtained. All the examined camels
were male and aged from 3 to 5 years. Samples were
transported in ice box to the Diagnostic Laboratory,
Veterinary Hospital, Zagazig University for analysis.

Isolation and Identification of Salmonella Species:
Isolation and identification of Salmonella species was
carried out according to the International Organization
Standardization [17] with
Briefly, about 25 g of each tissue sample was cut with a
sterile scalpel. and the pieces were put in sterile mortar
and homogenized with 225 ml of buffered peptone water
(BPW). The pre-enriched samples were incubated for
16-20 h at 37°C.

One ml and 0.1 ml of the inoculated pre-enriched
broth were transferred aseptically into 10 ml of selenite
cyctine (SC) (Difco, USA) and 10 ml of Rappaport-
Vassiliadis (RV) (Merck, Germany) and incubated for 24 h
at 37°C and 42°C, respectively. Subcultures from SC and
RV broth were inoculated onto brilliant green-phenol red-
lactose-sucrose agar (BPLS) (Merck) and XLD agar
(Oxoid) and incubated at 37°C for 24-48 h. The plate
cultures were examined for suspected colonies and
confirmed by API-20E strips (Biomereux, France).
Serotyping was done in The Animal Health Research
Institute, Giza, Egypt.

for some modifications.

Preparation of Bacterial Suspension and Volume Germ
Carriers: S. enteritidis was streaked onto nutrient agar
plate. A colony loopful was inoculated in 50 ml nutrient
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broth and incubated at 37°C for 24 h. Bacterial
count of the prepared bacterial suspension was
done by the Most Probable Number (MPN) [18].
The volume germ carriers were kindly provided by
Professor R. Boehm (Hohenheim University, Animal
Hygiene Institute, The germ
carriers are designed of
Hohenheim University. The germ cartrier consists of a
hollow synthetic cylinder covered on both sides with
semi permeable polycarbonate membrane (pore size 0.2 )
which are fixed with two tight screwable rings [14].
Twelve grams of autoclaved abattoir effluents were
inoculated into each germ carrier filled with 1.2 ml
bacterial suspension with concentration of 7 log CFU/ml
[16]. The germ carrier was closed by membrane filter
(Sartorius, D-37070, Goettingen, Art. No. 23007-25-N)
with rubber ring (Viton, Firma Karl Spaech, D-72516).
The concentration of the tested bacteria after exposure is
determined weekly by counting according to the MPN
method as colony forming units/ml (CFU/ml) [18]. The pH
of the germ carrier content was measured by pH meter.
The detection period was defined as the number of days
from preparing germ carriers in abattoir effluents until
bacterial counts had fallen below the detection limit of
Salmonella species (1 CFUg™") [19]. The decimation time
(t49), as defined by Schlundt [20], is the time taken for
viable counts of a bacterial population to decrease by
one logarithmic unit (log10), which is equivalent to 90%
reduction.

Stuttgart, Germany).

in Technical Centre

Statistical Analysis: Statistical analysis has been done
using SPSS version 11.0., Pearson correlation coefficient.

RESULTS

Table 1. Illustrates that 4 out of the 50 examined
samples (8%), were found to contain Sa/monella species.
All the isolates (No=4) were serotyped as S. enteritidis
and were recovered from diarrheic cases. The examined
non-diarrheic cases were Salmonella free.

Out of the 108 examined samples, 6 (5.6%) were
positive for Salmonella isolation and were recovered
from feces and mesenteric lymph node, with the
percentages of 13.9 and 2.8, respectively. The
examined liver samples were Salmonella free. Out of
the 6 serotyped Salmonella species isolates, both
S. enteritidis and S. typhimurium (No=3 each) were
identified (Table 2).
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Table 1: Occurrence of non-typhoid Salmonella in the examined human stool samples

Positive samples

Source No of examined samples No % Serotype
Diarrheic cases 30 4 13.3 S. enteritidis
Non-diarrheic cases 20 0 0.0 -
Total 52 4 8.0 S. enteritidis
Table 2: Occurrence of non-typhoid Salmonella in the examined apparently healthy slaughtered camels samples

Positive samples
Source No of examined samples No % S. enteritidis S. typhimurium
Feces 36 5 13.9 3 2
Mesenteric lymph nodes 36 1 2.8 0 1
Liver 36 0 0.0 0 0
Total 108 6 5.6 3 3

Table 3: Survival of S. enteritidis in abattoir effluent using volume germ carrier technique

Time (day) pH at sampling (mean of 3 replicates) CFU/ml (Mean of 3 replicates)
0 7.1 7 log

7 7.3 5 log

14" 7.4 3 log

21¢ 7.6 0.7 log

28 7.5 <0 log

The survival of S. enteritidis in abattoir effluents
using volume germ carriers is illustrated in Table 3. The
mean Salmonella counts of recorded 3 replicates for
each sampling time (0, 7%, 14" and 21 days) was 7 log, 5
log, 3 log and 0.7 log CFU/ml, respectively. The detection
period of Salmonella enteritidis in abattoir effluents
was < 28 days. Moreover, the decimation time (¢,) of
Salmonella in abattoir effluents was found to be 2.2 log
week™'. The correlation between storage time and
counting was significant at the 0.01 level (Pearson
correlation coefficient).

DISCUSSION

Continuous surveillance studies for NTS in human
and animals are important, since new Salmonella serovars
are emerging yearly and serotyping is very important to
the epidemiology study [4]. The present study
demonstrated a high incidence rate (13.3%) of Salmonella
infection in the examined human diarrheic cases. It was
found that all serotypes (N=4) isolated from human stool
samples were S. enteritidis. This lead to the conclusion
that the circulating serotype in human at Zagazig Centre
is S. enteritidis. Most human infections are caused by a
limited number of Salmonella serovars which may vary
from country to country and overtime [21]. High incidence
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of S. enteritidis was also reported in Korea by [4], who
reported that the percentage of S. enteritidis from all
isolated Salmonella species from 1998 to 2007 was 47.5%.
Moreover, S. enteritidis was the most prevalent serovar
among the NTS serovars in the world between 2000-2002
[22]. In Kenya, S. enteritidis was isolated from 33.2% of
other NTS serotypes and 4.8% of human cases [5].

A total of 6 Salmonella species isolates representing
2 different serotypes were isolated from the examined
camels. The isolated Salmonella serotypes were S.
enteritidis and S. typhimurium (3 isolates each). This
lead to the conclusion that both serotypes are the
predominant serotypes in camels at Zagazig centre. So,
camels and its products could be a potential reservoir
for NTS salmonellosis not only for the remaining camels
but also to human and other animal species. S. enteritidis
and S. typhimurium are the most common serovars
causing human salmonellosis [23].

Previous reports from various countries have
reported salmonellosis in camels in Sudan [24], Egypt [25],
UAE [26], Iran [27] and Ethiopia [12]. Moreover, Selim [28]
reported that healthy camels can be carriers of Salmonella
species and NTS have been isolated from feces and lymph
nodes of our investigated slaughtered camels. Camels
that are chronic carriers of Salmonella species may
present a human health hazard through consumption of
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camel products [29]. The shedding of Salmonella species
in chronic carrier camels is intermittent, especially at times
of stress such as during parturition, concurrent diseases,
starvation, overcrowding and transport [30].

In the present study, Salmonella species were
isolated from camel feces with the percentage of 13.9 as
shown in Table 2. The recorded infection rate of
Salmonella species in camel feces is near to those
reported by Molla ef al.[12] whose result was 15.1% and
Salmonella species were isolated from camel-calf diarrhea
(13%) in eastern Sudan [11]. On the other hand, a higher
infection rate with salmonellosis in calf camel (11/15,
73.3%) was recorded by Pegram and Tareke [31]. Fecal
shedding of Salmonella species from diarrheic calf camel
was reported with 13% by Salih et al. [11]. The present
study recorded incidence of salmonellosis of 5.6% in
camels which is higher than that found (4.3%) in UAE by
Wernery [26]. The variation of Salmonella species
incidence could be attributed to the overcrowding and
transportation stresses which increase the excretion of
Salmonella species. Concerning the occurrence of
Salmonella species in the mesenteric lymph nodes, we
recorded lower percentage (2.8) than that reported by
Molla et al. [12] (15.9%).

In the present study, the survival of Salmonella
enteritidis in aerobic stored abattoir effluents was
determined. As shown in Table 3, the tested bacteria was
detectable through days 21. The mean counts of 3
replicates were 5, 3 and 0.7 log CFU/ml on 7%, 14™ and 21*
days, respectively. The mean number of Salmonellae
decreased by 2.2 log week™. On the 28" day, all the
3 replicates count were found to be under detection
limit (< 0 log CFU/ml). A previous study was done by
Lung et al. [32] who found that Salmonella enteritidis
(10" CFU/g) in cow manure were not detectable after 48 h
of composting at 45°C and 4 days at room temperature.
Moreover, Grewal et al. [33] reported that Salmonella
species in liquid manure at temperature lower than
32°C require 2-8 weeks to reduce the concentration of
Salmonella cerro to undetectable levels. The obtained
results reveal that Salmonella enteritidis was not
detectable on 28" day in stored abattoir effluents; this
indicates that the tested organisms were either dead or
live under detection limit of the used isolation technique.
The obtained regression lines (2.2 log week™) is higher
than that found by Paluszak et al. [34] who found that
Salmonella senftenberg decreased by 0.296 log week™ in
peat soil amended with slurry at 20°C. Salmonella
senftenberg was no longer detected after 7 days in swine
slurry applied to clay soil [19].
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In conclusion, this study has shown that the
predominant Salmonella species in human at Zagazig city
are Salmonella enteritidis. Camel meat could be a
potential reservoir for zoonotic Salmonella species.
Further molecular epidemiological studies could be done
to study the kinetic of incriminated Salmonella species
clones in food chain. Under the research conditions,
storage of abattoir effluents for 4 weeks or more could
reduce the exposure risk to non-typhoid Salmonella in
the environment.
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