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Summary

In Vietnam, pork is the most consumed meat, and contamination of pork with Salmonella spp. is a serious public health problem.
This study aimed to trace the value chain forward from pig slaughterhouses to markets in order to elucidate the dynamics of
Salmonella contamination on the pork value chain in Hung Yen, Vietnam. This survey was conducted between January and February
2014 in two randomly selected slaughterhouses in Hung Yen. Swab samples were collected from 88 carcasses and of them, 21
carcasses were traced to the markets and pork samples were collected from these samples. Microbial tests were performed to detect
the presence of Salmonella from carcass samples at slaughterhouses. MPN was determined in addition to the presence of Salmonella
for pork at markets.

The Salmonella prevalence on carcasses was 25.0% (22/88, 95%CI : 16.7%-35.6%), and on pork at markets was 28.6% (6/21,
95%CI : 12.2%-52.3%). There was no significant difference in prevalence between carcasses (25.0%) and pork (28.6%, x*=0.0034,
df=1, p=0.95). There was no significant difference in the prevalence of Sa/monella on pig carcass samples between the two
slaughterhouses (22.2% (10/45) and 27.9% (12/43), x’=0.18, df =1, p=0.71). The transition of Salmonella contamination status on
pork was observed, and the kappa value 0.53, and attributable risk percent 53.3% calculated suggested that more than half of the
Salmonella prevalence in marketed pork can be attributable to contamination in slaughterhouse. MPN of positive pork samples ranged
from < 0.3 to 1.5 MPN/g. The prevalence remained high at the same level between the slaughterhouse and market, and the
contamination largely occurs before the end of slaughtering due to inadequate hygiene, but cross-contamination during transportation

and marketing also poses a risk to humans.
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number of infections is unknown because many mild cases are

l. Intr ion . . .
troductio not reported, it has been estimated that there are approximately

Salmonella spp., which lives in the intestines of livestock, is a
pathogen that can cause food poisoning. Salmonellosis in hu-
mans is usually mild, but it can be fatal in young children, the
elderly and immunocompromised people'®. Although the actual
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93.8 million cases of salmonellosis annually with 155,000 deaths
globally from acute salmonellosis'’. Most human Salmonella
outbreaks occur due to consumption of contaminated food, such
as meat and eggs'.

In Vietnam, pork is the most consumed meat, accounting for
over 70% of total meat consumption®®, and contamination of
pork with Salmonella spp. in the pork value chain is a serious
public health problem. Some previous studies in Vietnam report-
ed that prevalence of Salmonella in pig carcass at slaughterhouse
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takes wide range from 15% to 95%*'*'¥. Moreover, Salmonella
in pork at market was also reported as a high prevalence which
varied from 33 to 69%*'>'». For these reasons, elucidating the
dynamics of Salmonella contamination in the pork value chain is
urgently required in Vietnam. In June 2012, a research project
funded by the Australian Center for International Agricultural Re-
search (ACIAR) and coordinated by the International Livestock
Research Institute (ILRI), called Reducing Disease Risks and
Improving Food Safety in Smallholder Pig Value Chain in Viet-
nam (PigRISK)’ started, and is expected to be finalized in June,
2017. The project proposes the new method of intervention for
food safety based on the quantitative assessment of health risks
and economic incentives for farmers and actors along the pork
value chain.

The present study was conducted as a part of above mentioned
project, aiming (1) to trace the value chain forward from pig
slaughterhouses to the markets in order to elucidate the dynamics
of Salmonella contamination in the pork value chain, (2) to deter-
mine the prevalence of Salmonella on pork in pig slaughterhouses
and markets, and (3) the most probable number (MPN) in pork
sold at markets. These findings are used in the quantitative risk
assessment model which is the main component of the project,
and will be reported elsewhere.

In Vietnam, slaughterhouses are characterized into four types.
Commercial type slaughterhouses deal with more than 100 pigs
per day, and have a standard hygienic condition and regular vet-
erinary inspection. Small and medium scale slaughterhouses
slaughter less than 10 and 10-100 pigs per day, respectively, and
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might occasionally operate under veterinary inspection. Mobile
slaughtering applies to slaughter at pig farms or at home on spe-
cial events (such as weddings and funerals). In this study, we
focused on the medium scale type (slaughter 10-100 pigs/day)

which provides most of the pork to the consumers.

Il. Materials and Methods

2.1. Study sites

The study sites were in Hung Yen Province, which is located in
the northern part of Vietnam. Hung Yen is about 30 km from the
center of Hanoi and is an important pork supply base. This study
was conducted in Van Giang district, Hung Yen province between
January and February, 2014. Two slaughterhouses, called A and
B in this paper, were selected randomly from the list of slaughter-
houses. These are medium scale slaughterhouses with a capacity
from 10-40 pigs per day. They apply the floor slaughtering style
where all slaughtering activities take place on the floor with rela-
tively poor hygienic practices.

Pig carcasses were traced from these slaughterhouses to the
markets located in the urban area of Hanoi (Dao Tan and Gia Lam
markets) or in the peri-urban areas of Hung Yen province (Van
Giang and Van Lam districts) (Fig. 1).

2.2. Sampling methods

Sample size (n) was determined using following formula'®.

196" xP,, x(1- Pmy
dZ

Where P, is the expected prevalence and d is the desired preci-

Dao Tan

#

N A Sampled slaughterhouses|
@ Sampled markets
w E
Main roads
s 7] van Giang district

8
B s Kilometers

Fig. 1

Maps showing the locations of Hung Yen province, sampled slaughterhouses and markets
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sion. P, was setas 0.35 referring from Dang-Xuan et al. (2013)",
and d was set to be 10% error. Sample size n was calculated to be
88.

Sampling was conducted at each slaughterhouse, and 45 and 43
carcass samples were collected from four visits to slaughterhouse
A and three visits to slaughterhouse B, respectively. To trace the
carcasses from slaughterhouses to markets, we purposively se-
lected three swabbed carcasses per visit, which were transported
to different markets. In total, 21 pork samples were collected. To
obtain carcass samples, a carcass-swabbing method using cotton
surgical gauze and a 100-cm? steel frame was applied, and four
sites on the medial surface of the carcass were swabbed. Pork
collected in the markets included the parts of shoulder, belly and
loin, which were swabbed in slaughterhouses, and totaled 200—
300 g per sample. The collected samples were kept in a cool box
and then microbiological tests were conducted within 24 hr. For
carcass samples at slaughterhouses, the presence of Salmonella
was analyzed, while for pork at markets, MPN was examined in
addition to the presence of Salmonella.

2.3. Microbiological test
2.3.1. Salmonella qualitative determination

For qualitative determination for presence of Salmonella, three
steps were conducted (enrichment, isolation and confirmation)
following I1SO 6579 : 2002”. For non-selective enrichment,
buffered peptone water (BPW ; Merck KGaA, Germany) was
used. Twenty-five grams of pork were added to 225 ml BPW,
while carcass swabs were added to 100 ml BPW. The BPW con-
taining sample was then homogenized and incubated at 37°C for
24 hr. For selective enrichment, modified semi-solid Rappaport
Vassiliadis (MSRV ; Merck KGaA, Germany) medium base and
Muller-Kauffman Tetrathionate-Novobiocin broth (MKTTn ;
Merck KGaA, Germany) were used. Three drops of incubated
medium were dispensed to MSRV agar plate and were incubated
at 42C for 24 hr, and 1 ml of incubated medium was added to
9ml of MKTTn and incubated at 37°C for 24 hr. The enriched
bacteria on MSRV agar plate and MKTTn were inoculated to
Xylose-Lysine-Tergitol 4 (Merck KGaA, Germany) agar and
Rambach agar (Merck KGaA, Germany) and then were incubated
at 37C for 24 hr. After incubation, each medium was examined
to identify the presence of typical and atypical colonies of Salmo-
nella. After Salmonella isolation, the typical or suspect colonies
were streaked onto pre-dried nutrient agar (NA ; Merck KGaA,
Germany) plates and incubated at 37°C for 24 hr. The pure colo-
nies from the NA agar plates were picked up and inoculated onto
Triple Sugar Iron agar (Merck KGaA, Germany), Motility Indole
Lysine agar (Merck KGaA, Germany) and into Urea broth (Sig-
ma-Aldrich, USA). All biochemical tests were incubated at 37°C
for 24 hr.

2.3.2. Salmonella quantitative determination

The number of Salmonella was also quantified from positive

pork samples. The three tube-MPN technique was used for the

enumeration. Triplicates of three ten-fold dilutions (107!, 1072
and 10~°) were pre-enriched with BPW and incubated at 37C for
24 hr. After incubation, two other steps were performed follow-
ing the same procedure as described above, however only MSRV
was applied at selective enrichment step. The number of Salmo-
nella was confirmed based on the MPN table**9.
2.4. ChecKklist survey

Hygiene practice was assessed using check lists based on ob-
servation at slaughterhouses and markets. Modes of business
operation for both slaughterhouses and markets were studied by
observation, and informal interviews were conducted in addition
to that. In slaughterhouses, the items assessed for the hygiene
practice of workers during slaughtering were wearing an apron
and a uniform, washing floor, knife, hook and hands after slaugh-
tering each pig. At markets, hygiene practice of sellers were
checked and recorded for wearing gloves, using a cutting board,
wiping hands with a cloth used for wiping surface of pork and
equipment, and transporting pork in a basket from slaughterhouse
to the shop at market.
2.5. Statistical analysis

Statistical analysis was conducted using statistical software R
version 3.0.2. The prevalence was calculated by dividing the
number of positive samples by the total number of samples. The
Chi-square test or Fisher’s exact test was used for a comparison of
prevalence. The kappa value was calculated to understand the
degree of maintenance of contamination and cross-contamination
by the agreement between the prevalence in slaughterhouses and
in markets. Attributable risk percent' was calculated to see the
proportion of contaminated pork for sale attributable to the con-
tamination at the slaughterhouse level. An MPN table for three
tube tests was used as a reference for measuring the MPN per
gram in pork samples. For checklist survey, statistical analysis
was conducted only for the market survey results, as only two
slaughterhouses were assessed. Chi-square test or Fisher’s exact
test was performed to analyze the data from markets.

I1l. Results

3.1. Observational descriptions of slaughterhouses and mar-
kets

Slaughtering in the visited slaughterhouses included following
stages : restraining, bleeding, scalding and dehairing, eviscera-
tion, washing, wiping and splitting. After pigs were moved from
a pen, they were restrained by the trunk using iron fixer with a
stand on cement floor, until bleeding finishes. Carcasses were
then placed on the floor, and hot water was poured on the skin
from a kettle (scalding). Hairs were removed using a knife (de-
hairing), and carcasses were washed with water taken from a wa-
ter tank which stored pumped water from underground. At evis-
ceration, internal organs were either put on the cement floor or in
a bucket, and in most of the case, they were transferred in a buck-
et to retailer's home to be washed and processed for sale. Other
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butchers (retailers) carried out washing internal organs including
large and small intestines in a corner of the same slaughtering
area with carcasses. Inside surface of the carcasses were then
washed with water taken from the same water tank, and were
wiped with a towel. Carcasses were split into two along the
spine, and were weighed for pricing. All stages were conducted
directly on the floor at both slaughterhouses. In slaughterhouses,
both slaughterhouse workers and traders worked together in
slaughtering pigs and people walked freely in all slaughterhouse
areas without any sanitary restrictions. Water used for various
purposes, such as cleaning intestines, carcasses and floor, was
taken from above said same water tank placed in the slaughtering
area. Traders transported one to four halves of carcasses on a
motorbike, without any chilling facility, directly to the markets.

According to the informal interviews in these two slaughter-
houses, slaughterhouse owners collected and bought pigs from
different villages in the same district, or sometimes even from the
other provinces. Pig traders (in fact they are butchers as well after
all) came to select and buy pigs from the slaughterhouse owner,
and the traders did all stages of slaughtering by themselves with
the help of slaughterhouse workers. As most of traders act as a
family business, they sold pork by themselves in the markets as
retailers.

In all the pork markets accessed, pork was sold at specialized
pork sales places in the compound areas where other foods (veg-
etable, dried food stuffs, and fish) were also sold in an open envi-
ronment. Pork was usually sold from 5 to 11 am in the morning.
Pork was kept on the table at ambience temperature where any
buyer could touch it.

3.2. Salmonella prevalence in slaughterhouses and markets

The overall Salmonella prevalence on carcasses was 25.0%
(22/88, 95% confidence interval (CI) : 16.7%-35.6%), and that
of pork at markets was 28.6% (6/21, 95%CI : 12.2%-52.3%). In
a comparison between slaughterhouse and market levels, the
prevalence of Sa/monella was not significantly different between
at the slaughterhouse level (25.0%) and market level (28.6%, x*
=0.0034, df=1, p=0.95).

Fig. 2 shows the Salmonella prevalence on carcasses in each
slaughterhouse, and marketed pork sourced by these slaughter-
houses. Overall, the prevalence in slaughterhouse B tended to be
higher than that in slaughterhouse A. However, there was no sig-
nificant difference in the prevalence of Salmonella on carcass
samples between the two slaughterhouses (A : 22.2% (10/45) and
B : 27.9% (12/43), x*=0.18, df =1, p=0.71, Fig. 2). When the
prevalence in marketed pork was compared based on the sourcing
slaughterhouses, there was again no significant difference in the
prevalence of Salmonella between two slaughterhouses (A :
23.1% (3/13) and B : 37.5% (3/8), p = 0.63 (Fisher’s exact test)).
Moreover, even when the results from carcasses at slaughterhous-
es and pork at markets are combined, the prevalence of Sal/mo-
nella on all pork products were not different between the two
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Fig. 2 Salmonella prevalence on pig carcasses and pork in each
slaughterhouse

slaughterhouses (22.4% (13/58) and 29.4% (15/51), x*=0.38,
df=1, p=0.54, Fig. 2).
3.3. MPN in markets

The MPN was measured for six pork samples from which Sal-
monella was isolated. Out of these six samples, the mean and
confidence interval was determined for two samples : 0.92
(95%CI : 0.14-3.8), and 1.5 (95%CI : 0.37-4.2) MPN/g. The
MPN/g of the rest of four samples was less than 0.3 (95%CI :
-0.95).
3.4. The transition of Salmonella contamination status

The transition of Salmonella contamination status for pork is
shown in Fig. 3. Out of six positive carcass samples in slaughter-
houses, only four pork samples were positive and the other two
samples were negative at the markets. On the other hand, out of
15 negative carcass samples in slaughterhouses, two samples
changed to positive. The kappa value calculated from the transi-
tion of contamination status was 0.53, suggesting substantial
agreement between the prevalence at the slaughterhouse and mar-
ket levels. Attributable risk percent was 53.3%, and this sug-
gested that 53.3% of contaminated pork at sales at markets is at-
tributable to the contamination at the slaughterhouse level.
3.5. Checklist survey

In these slaughterhouses, workers didn’t wear an apron and a
uniform and moreover they didn’t wash floor after slaughtering
each pig. Furthermore, they didn't wash knife, hook and hands
with soap after slaughtering each pig. As above, most of the hy-
giene practices checked was not performed in these slaughter-
houses.

Table 1 shows risk factor analysis results using checklist.
There was no significant factor associated with prevalence of Sal-
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Slaughterhouses Markets
Posgtive 4 pork samples
6 carcass
samples

Positive

Nedative 2 pork samples
21 carcass
samples

Pogtive 2 pork samples

Negative

15 carcass
samples

Nem% 13 pork samples

Fig. 3 Transition of Salmonella contamination status on pork

Table 1 The results of the checklist survey at markets

Observations at markets Positive samples ~ Negative samples Prevalence (%)  p-value

Seller wears gloves

Yes 3 0

0.53
No 6 12 33.3
Seller uses a cutting board
Yes 2 20.0

0.64
No 4 36.4
Seller wipes hands with a cloth used for wiping pork and/or equipment
Yes 6 9 40.0

0.12
No 0 6 0
Seller transport pork in a basket to the shop at market
Yes 0 6 0

0.12
No 6 9 40.0

monella in marketed pork.

IV. Discussion

From the results, Salmonella prevalence was maintained at
considerable level from slaughterhouses in carcasses to markets
on pork, and the contamination occurred both at slaughterhouse
and during transportation/marketing. In the present study in
Hung Yen, the Salmonella prevalence in slaughterhouses and
markets, with confidence intervals, was within a range of previ-

ous reports : from 15.5% to 95.7%*'*'® in slaughterhouses, and
33 to 69%*'>' in markets, as mentioned in the introduction.
Sampling was conducted in a cool season (January and February)
in the present study, and the prevalence can be higher in hotter
season, as in the previous study. The MPN/g in a previous study
in Vietnam ranged from less than 0.3 to 15, which included
much larger value than those shown in the present study. How-
ever, the number of samples of which MPN/g was measured was
small in the present study, and bacterial concentration of Sa/mo-
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nella on pork sold in markets can be as high as the previous re-
port, considering the mode of sales observed.

Studies on the modes of business revealed the informal and
mutually-aiding activities between slaughterhouse workers and
traders, who are in fact at the same time pork sellers at the mar-
kets. Hanoi is the second largest city in Vietnam, but even at the
markets located in urban areas of Hanoi, pork sold are sourced
through such informal value chains. This fact elucidated in the
present study is suggesting a challenge in improvement of hy-
giene in pork value chains in Vietnam, if intervention is to be
targeted only at formal and large scale slaughterhouses.

The kappa value suggested that the prevalence at the slaughter-
house substantially affects the prevalence at the market, which
was quantified as more than half by the attributable risk percent.
This suggests that contamination can largely occur before the end
of slaughtering because of the inadequate hygiene during slaugh-
tering and meat processing. However, on the other hand, cross-
contamination during transportation and marketing also can oc-
cur substantially. As the sample size of carcasses traced was
small, the attributable risk percent calculated in this study has a
limited accuracy. Nevertheless, informal mutual-aiding relation-
ship between slaughterhouse workers, traders and sellers en-
dorsed the high chance of cross-contamination along the value
chain'”. Maintenance of Salmonella prevalence between slaugh-
terhouse and market mentioned here does not necessarily mean
that this study proved that identical isolates on carcasses are
maintained to the market. In this study, detailed sero-typing or
molecular identification for Salmonella strains was not per-
formed. However, several different types of Sa/monella isolates
can contaminate a single pig carcass in a slaughterhouse, consid-
ering these strains harboring in the environment of slaughter-
house come from different pig farms. What epidemiologically
important in terms of understanding food safety risks is degree of
change in Salmonella prevalence from carcasses in slaughter-
house to pork in market, which was described in this paper.

From the results of checklist survey, unhygienic practices were
observed at slaughterhouses. Moreover, ‘wiping’ practice of car-
casses after washing using the same cloth, which was observed
during slaughtering process. The previous studies reported dif-
ferent management practices in the slaughterhouses could be as-
sociated the Salmonella prevalence” and “dirty polishing equip-
ment” and “faulty techniques and sloppy hygiene during evis-
ceration” were risk factors in slaughterhouses”. In the present
study, use of water from the same tank for various purposes, and
placing intestines on the floor near carcasses was observed. This
qualitatively supported our hypothesis of Sa/monella cross-con-
tamination by unhygienic practices in the processes in a slaugh-
terhouse.

In considering effective improvement of hygiene, introduction
of a table to place carcasses is started in several small scale
slaughterhouses in Vietnam, where introduction of expensive in-
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frastructure such as hanging hooks is financially difficult. Micro-
biological studies comparing Sa/monella prevalence in slaughter-
houses between processing on the floor and using a table was not
conducted in the present study. If the effect of use of a table in
hygiene improvement would be proved, such affordable interven-
tion may be adopted easily. On the other hand, this study also
showed that Salmonella contamination greatly occurs during
transportation and marketing as well. Future studies should focus
on affordable effective intervention options at slaughterhouses,
transportation, and markets in Vietnam, where small to medium
scale informal business is dominating along pork value chains.
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