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ARTICLE INFO ABSTRACT

Keywords: Foodborne diseases are a major cause of illness in low- and middle-income countries, and most are due to fresh
Foodborne disease foods sold in traditional markets. Contamination with foodborne pathogens, especially Salmonella spp., continues
Salmonella

to be common in these markets. To better understand why this is the case, this study assessed total bacteria count
(TBC) and Salmonella in pork across Vietnamese traditional markets and evaluated vendors’ food safety
knowledge, attitudes, and practices, examining their associations with contamination. Data was collected in 68
markets across five provinces, with up to 10 pork vendors per market randomly selected. Microbiological data
were collected through cut pork samples and cutting boards swabs (n = 396), along with structured question-
naires and observations with vendors (n = 486). Cutting board swabs were analyzed for TBC only, while cut pork
was tested for both TBC and Salmonella. Linear and generalized linear mixed-effects models were constructed to
identify risk factors for TBC and Salmonella prevalence. The overall Salmonella prevalence in cut pork was 64.4 %
(255/396) and was significantly higher in southern provinces (86.8 %) compared to the north (47.5 %, p < 0.01).
TBC was high in pork and cutting boards (6.4 log;oCFU/g and 6.9 10g10CFU/cm2, respectively), and only 30 % of
the pork samples met the Vietnamese standard for TBC in fresh meat. Selling of organs was associated with a
higher TBC (coefficient = 0.13, CI: 0.01-0.26, p =0.03) and greater Salmonella risk (OR = 2.04, p =0.009).
Temperature significantly increased both outcomes (p < 0.001), while using easy-to-clean surfaces reduced TBC
levels (coefficient = —0.16, CI: —0.30 to —0.01, p = 0.03). Vendors demonstrated limited food safety knowledge
and mixed attitudes. Observations revealed poor hygienic practices, such as displaying pork on cardboard or
cloth or lack of washing with soap and disinfectants, which was influenced by limited access to facilities and
equipment. Regional differences suggested contamination levels were influenced by both environmental and
market-related factors. These findings highlight the need for holistic interventions targeting an enabling envi-
ronment, appropriate equipment, and behavioral incentives.

Traditional markets
Asia

KAP

Risk factor

1. Introduction economic burden. In low- and middle-income countries (LMICs), FBDs
were responsible for approximately 600 million illnesses and 420,000
Foodborne diseases (FBDs) pose a substantial global health and deaths (Havelaar et al., 2015) along with an economic loss estimated at
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US$115 billion annually (Jaffee et al., 2019). Beyond these direct im-
pacts, FBDs are associated with malnutrition, gender inequality, and the
emergence of infectious diseases (Grace, 2023). Animal-source food
(ASF) often carries a wide range of foodborne pathogens, including
Salmonella, Campylobacter, Shiga toxin-producing Escherichia coli, and
Listeria monocytogenes, and the consumption of compromised ASF con-
tributes immensely to the overall FBDs burden (Heredia and Garcia,
2018; Li et al., 2019).

Traditional markets play a crucial role in Southeast Asia, serving as
primary sources of fresh ASF, enhancing local economies, and preser-
ving cultural food practices (WHO, 2023, 2006). In Vietnam, pork is the
most consumed ASF, predominantly sold through traditional retail
markets. These markets are characterized by stalls located near resi-
dential neighborhoods, where a variety of fresh foods are sold in an open
environment with limited oversight and weak enforcement of food
safety regulations (Nga et al.,, 2015; USDA, 2020). Despite their
importance in local food systems and livelihoods, traditional markets
often lack essential food safety infrastructure, such as cold chains,
standardized hygiene practices, regular inspection, and product trace-
ability (Dang-Xuan et al., 2016; Nga et al., 2015).

Studies over the past two decades have documented a concerning
increase in Salmonella contamination in pork at the traditional retail
level, from approximately 40 % between 2007 and 2015 to over 60 % in
the following years (Takeshi et al., 2009, Thai et al., 2012, Dang-Xuan
et al., 2019, Nhung et al., 2018, Ngo et al., 2021, Vu et al., 2021). Ev-
idence suggested that over half of the Salmonella found in pork origi-
nated from contamination during slaughter (Yokozawa et al., 2016),
followed by market level conditions (Nguyen-Viet et al., 2022; Wallace
etal., 2022). However, there has been a lack of relevant studies covering
the different regions of Vietnam. Most studies focused on the southern
region, emphasizing targeted sampling and antibiotic resistance (Phan
etal., 2005, Van et al., 2007, Vu et al., 2021), or covering a small sample
size such as 22 pork samples (Nhung et al., 2018). Studies on practices
and risk factors have been conducted in the north but did not focus on
knowledge or attitudes, or how these translate into vendor food safety
practices (Dang-Xuan et al., 2019; Ngo et al., 2023, 2021; Thai et al.,
2012; Yokozawa et al., 2016).

A national action plan on food systems transformation toward
transparency, responsibility, and sustainability has recently been
launched in Vietnam, with a key priority to improve food safety for
consumers in the direction of integrating resources and through moti-
vational mechanisms and policies (Prime Minister, 2023). To date,
implementation has largely focused on developing detailed action plans
and monitoring frameworks. There is now a timely need for practical
interventions at the market level to inform this plan and accelerate the
pace of the transformation. Furthermore, low-cost interventions, which
combining feasible infrastructure upgrades to pork stalls, training, and a
creation of an enabling environment, have been recently piloted and
showed promise in improving food safety situations at a small scale (Ngo
et al., 2023). Building a deeper understanding of food safety perceptions
and practices across different contexts in Vietnam could help in-
terventions move beyond a pilot scale.

To bridge this knowledge gap, this study aimed to: i) assess TBC and
the presence of Salmonella in pork sold at traditional markets across
different regions of Vietnam and identify associated risk factors; and ii)
evaluate pork vendors’ food safety knowledge, attitudes, and practices
and examine the association between them. In doing so, this study
provides evidence linking human behavioral factors with microbiolog-
ical outcomes. Such evidence can guide targeted interventions to pro-
mote safer behaviors and reduce foodborne risks in traditional retail
settings in Vietnam. The findings may offer valuable insights for other
Southeast Asia countries where similar traditional market systems are
prevalent.
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2. Material and methods
2.1. Study design

This study was designed as a cross-sectional survey, as part of a larger
randomized controlled trial that compared the prevalence of Salmonella
in pork from vendors in treatment and control groups. The present
analysis used data collected during the baseline phase (October -
December 2023) and included vendor observations, interviews, and
microbiological sampling at pork stalls.

To detect a minimum 15 % difference in Salmonella prevalence be-
tween baseline and endline, a sample size of 68 markets and 340 vendors
(i.e., 5 vendors per market x 34 markets x 2 groups: treatment and
control) was calculated to acquire 80 % power at a 95% confidence
level, assuming a within-market correlation of 0.2. To allow for potential
loss to follow-up, the sample size in the treatment group was doubled (i.
e., up to 10 vendors per market x 34 markets), while the control group
remained the same (up to 5 vendors per market x 34 markets).

2.2. Market and vendor selection and data collection

The study was conducted in five provinces across Vietnam, covering
the north (Thai Nguyen, Hanoi), central (Thua Thien Hue), and south
(Can Tho, Dong Nai) regions (Fig. 1). The north and central experience a
wide temperature range, between 28 — 36°C in the summer and 10 —
15°C in the winter, while the south remains warm and humid all year
round, within 25 - 35°C. Dong Nai and Hanoi have the largest pig
farming operations in Vietnam, contributing approximately 15 %
(approximately 738,000 tons) of the country’s total live pig output in
2023. Although the combined output from the other three provinces is
less than 1 %, pig farming remains a key sector across all of Vietnam
(GSO, 2023).

Markets in each province were initially screened from the lists pro-
vided by provincial authorities based on the following criteria: (i) be-
tween 8 and 30 pork vendors are regularly present at the market; (ii) the
market has a permanent structure; and (iii) groundwater is available at
the market. After the first screening round, 90 eligible markets were
identified for a pork vendor census. During the census round, market
managers were consulted regarding their willingness to support the
study activities. Then, data were collected on vendor name, contact
information, stall location/number, days of operation, and source of
pork. From the 90 eligible markets, 68 markets were randomly selected
for inclusion in the study. Vendors were randomly drawn in each mar-
ket, with a backup list prepared if any vendors declined to participate.

Data collection comprised four steps.

Discreet observations

Initially, discreet observations were conducted early on the sampling
day for around 10 min. Enumerators either observed vendors from a
distance or posed as customers, purchasing at least raw pork from each
vendor. For vendors offering multiple types of products (raw meat,
viscera, and cooked meat), raw meat and either viscera or cooked meat
were purchased in the order of viscera, raw meat, and cooked meat,
depending on their availability at the time of observation, to assess the
cleaning practice between different product types. Vendors were
discreetly observed to assess their practices for cleaning and displaying
pork and pork products at their stalls. Once the discreet observation was
completed, the research team disclosed this to the vendors and subse-
quently collected hand and knife swabs to measure their cleanliness,
using a photo-based scale.

Structured questionnaire

Following the discreet observations, a structured questionnaire was
administered to vendors, focusing on food safety conditions and
knowledge, as well as business cost and revenue (the latter not discussed
in this paper), lasting around 40 min.

Microbiological sampling

At the same time, the research team collected microbiological
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Fig. 1. Map of the Asia continent (left) with Vietnam marked in blue and a map of Vietnam (right) with five selected provinces marked in blue. (Source: qGIS3.28.1).

samples at each stall. Swab samples from cutting boards were collected
in accordance with ISO 17604:2015 guidelines, using a pre-moistened
sterile cotton gauze to swab a 10 x 10 cm area (100 cm? per sample).
For cut pork samples, vendors were asked to cut 2-3 small pieces
(totaling 200-300 g) from various parts of the pork, ensuring a repre-
sentative sample that included skin, fat, and lean tissues, while
excluding organs such as the heart, liver, and intestines. This part lasted
around 30-60 min.

Direct observations

Direct observation was employed for 30 min at each stall after the
interviewing phase, using similar criteria with discreet observations and
added frequencies of observed practice.

The structured questionnaire and observational forms were devel-
oped by the research team to capture vendors’ food safety knowledge,
attitudes, and practices, as well as market hygiene conditions and
business characteristics (Supplementary file 1). Their content was based
on the study objectives and the research team’s field experience, and it
was reviewed by food safety experts for content validity. The entire
process (including observations, sampling and interview) was pre-tested
twice in Thai Nguyen and Can Tho. All enumerators received in-person
training and participated partially in pilot studies. All interviews were
conducted in Vietnamese.

2.3. Laboratory testing

All samples were transported in insulated cool boxes with frozen
freezer blocks and were processed as soon as they were received at the
local laboratories, except in some cases when samples could not be
analyzed immediately and were stored in a refrigerator and analyzed
within one day. Cutting boards were exclusively sampled for total bac-
terial counts (TBC), whereas cut pork samples were tested for both TBC
and the presence of Salmonella spp. All samples were analyzed in pro-
vincial laboratories using standardized protocols. Laboratory techni-
cians from provincial labs had received face-to-face training to
harmonize the analytical protocol, and the research team conducted
regular checks and confirmations with the laboratories throughout the
analysis period to ensure quality control. Salmonella spp. was detected

according to TCVN 10780:2017 (GSO 6579-1:2017), which included
detection and confirmation methods using O-H antiserum. TBC were
determined following TCVN 4884-2:2015 (ISO 4833-2:2013).

2.4. Data analysis

The data collected from questionnaires was recorded using Open
Data Kit (ODK). Data analysis was performed using R (R Core Team,
2021). Descriptive statistics were calculated, including percentages for
categorical data and means, standard deviations, ranges, min - max for
quantitative data. Pairwise Chi-square or Fisher exact tests (where
appropriate), followed by Bonferroni correction were used to compare
frequencies (such as Salmonella prevalence) between groups. The Wil-
coxon rank-sum or Kruskal-Wallis test was used to compare values (such
as total knowledge score, log1oTBC from pork and cutting board) across
different groups. For significant results, post-hoc pairwise comparisons
with Bonferroni correction were conducted to identify significant dif-
ferences between provinces. A linear mixed-effects model from the Ime4
package in R were used to examine associations between log;oTBC
CFU/g and the explanatory variables, while generalized linear
mixed-effect models (GLMMs) from the same R-package was performed
for investigating potential associations with spp. Salmonella presence in
pork. These explanatory variables were determined through a causal
diagram created at https://www.dagitty.net/, including vendor knowl-
edge, shop management, vendor practice and temperature (Fig. 2), and
are described below:

e Vendor knowledge was measured by structured open-ended questions
about the causes of food contamination in their businesses and
practices to minimize the risk of contamination. Respondents were
asked to freely list their opinions, and their answers were coded
according to predefined correct answers (based on pilot studies and
research team agreement). For each question, we analyzed the pro-
portion of correct responses provided by the respondent or used a
binary variable when only one correct answer was applicable. We
additionally sum these indicators to create a combined knowledge
score on a five-point scale.
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Fig. 2. Causal diagram at pork stalls to measure effects of exposure variable (vendors practice) to the outcome (microbial contamination in pork), in the interaction

with related factors.

o Shop management includes variables related to equipment availabil-
ity (tap water or container with spigot, soap/detergent, disinfectant;
separate knives for separate products, trash bin, insect control
methods, water), selling organs or other meat, sale volume, stall
working hours per day and number of workers at the stall. An
equipment total score was derived based on the presence of the
following four necessary items: a way to wash hands without
recontamination (container with spigot or tap); soap or detergent for
cleaning surfaces and washing hands; disinfectants for cleaning
surfaces or utensils; and separate knives for separate products.
Vendor practice referred to five key hygienic actions: displaying pork
on an easy-to-clean surface; keeping different products on separate
trays; washing hands with soap or disinfecting hands or having a
clean hand swab; washing or disinfecting knife or having a clean
knife swab; and washing or disinfecting cutting boards. A total
practice score was calculated by summing the number of correct
actions observed during the discreet observations, to allow com-
parison with the microbial results collected immediately afterward.
e Environment temperature was identified as a confounding factor and
was included in both univariable and multivariable analyses. The
research team measured the temperature at the beginning of each
sampling session using ambient thermometers.

Each of the above variables was tested individually in the univariable
analysis. Of note, contamination at slaughtering period might contribute
significantly to the overall contamination level but was not directly
observed in this study. TBC in cutting boards was an intervening factor
and was excluded in all analyses. Market was set as a random effect to
control confounding bias in both univariable and multivariable ana-
lyses. Variables that had a p-value < 0.20 in the univariable analyses
were included in the multivariable analysis. Model simplification was
performed using a backward stepwise approach to identify the most
relevant risk factors. In addition, the relationships between knowledge,
equipment, and practice scores were assessed using Spearman’s rank
correlation coefficients. All statistical significance was set at a p-value
< 0.05.

2.5. Ethical considerations

The Institutional Review Board of Hanoi University of Public Health
approved all aspects of the project (Decision number: 458/2022/YTCC-
HD3). Written informed consent was obtained from each participant
prior to enrollment. All participants were informed that they could
withdraw from the study at any time without any consequences. Meat

samples were purchased at the regular market price. Vendors were
compensated $3 USD in cash for their time spent with the survey team,
consistent with practices for similar studies in the country.

3. Results
3.1. Demographic characteristics

A total of 68 markets and 486 vendors were recruited in this study.
On average, each market had 26 ASF stalls, with pork stalls accounting
for 66 % of them. The primary water sources were tap and well water. In
all provinces, women participants made up the majority (97.5 %), with a
mean age of 49 years, ranging from 21 to 72 years. Over 70 % of vendors
had at least a secondary school education, with a notably higher pro-
portion of those completing high school or higher in Hanoi and Thai
Nguyen (over 40 %) compared to the other provinces (under 20 %).
Only 28.6 % of vendors (139/486) reported prior participation in food
safety training. Most vendors have been selling pork for 20 years, spent
approximately 7.3 h per day at the market and sold 78.5 kg of pork
daily. Almost half of businesses had two workers (48.8 %), while 33.7 %
operated with a single worker. Dong Nai stood out with a higher pro-
portion of stalls employing more than two workers (38.1 %), longer
working hours (8.3 h on average) and greater sale volume (196 kg/stall
per day mean). Around 5 % of the responding vendors sold other meat,
such as beef and chicken. Over half reported selling pork intestines,
although this was notably lower in Thua Thien Hue, where only 12.2 %
of vendors did so. Regarding water access, 39.1 % of vendors collected
from a pipe, and a similar number of vendors stored water in a bucket or
basin. However, 19.3 % reported having no water available at their
stalls, with limited water access most prevalent in Thua Thien Hue
(54.4 %). The details of market and vendor characteristics are presented
in Table 1.

3.2. Vendors’ knowledge and attitude on food safety

Vendor knowledge of food safety practices was generally poor, with
substantial variation across provinces. Out of 486 interviewed vendors,
338 (69.5 %) mentioned that regularly washing food preparation sur-
faces helps pork stay clean, with higher numbers observed in the
northern provinces (Hanoi and Thai Nguyen, Table 2). In contrast, only
13 (2.7 %) considered disinfection as necessary. Interestingly, 53
(10.9 %) and 32 (6.6 %) vendors believed that washing meat with water
or using cardboard, respectively, were good practices for pork safety.
Across most provinces, around 60 % of vendors selected metal or granite
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Table 1

Traditional market and vendor characteristics across five provinces in Vietnam.
Characteristic Hanoi Thai Nguyen Thua Thien Hue  Can Tho Dong Nai Overall
Market level
Number of selected markets 20 12 12 12 12 68
Number of animal source food stalls / market (mean, min — max) 32 (21-51) 28 (15-42) 26 (16 - 36) 21 (11-34) 19 (14-35) 26 (11-51)
Proportion of pork stalls / animal source food stalls (%) 55.9 68.8 70.3 65.0 72.1 66.1
Water source at market (n, %)
Tap water 13 (65.0) 4(33.3) 10 (83.3) 8(66.7) 7 (58.3) 42 (61.8)
Well water 6 (30.0) 6 (50.0) 0 (0.0) 2 (16.7) 5(41.7) 19 (27.9)
Water from nearby 1(5.0) 2 (16.7) 2 (16.7) 2(16.7) 0 (0.0) 7 (10.3)
Vendors level
Number of vendors interviewed and observed 140 89 90 84 83 486
Gender (n, %)
Woman 137 (97.9) 88 (98.9) 90 (100) 76 (90.5) 83 (100) 474 (97.5)
Man 321 1.1 0 (0) 8(9.5) 0 (0) 12 (2.5)
Age (mean, min - max) 47.9 49.1 50.8 48.2 49.7 49.0 (21 -72)

(24-69) (28—64) (21-72) (28—-69) (26—67)

Education (n, %)
No school 321 0 (0) 17 (18.9) 23 (27.4) 6(7.2) 49 (10.1)
Primary 17 (12.1) 12 (13.5) 31 (34.4) 33(39.3) 33(39.8) 126 (25.9)
Secondary 64 (45.7) 41 (46.1) 24 (26.7) 14 (16.7) 29 (34.9) 172 (35.4)
High school 49 (35.0) 26 (29.2) 16 (17.8) 8(9.5) 12 (14.5) 111 (22.8)
College or higher 7 (5.0) 10 (11.2) 2(2.2) 6(7.1) 3(3.6) 28 (5.8)
Attending food safety training (n, %)
Yes 39 (27.9) 32 (36.0) 16 (17.8) 19 (22.6) 33(39.8) 139 (28.6)
No 101 (72.1) 57 (64.0) 74 (82.2) 65 (77.4) 50 (60.2) 347 (71.4)
Years of selling meat (mean, min — max) 19.6 (1-40) 18.1 (1—40) 21.6 (1 - 40) 20.1 (1-52) 21.2 (2-50) 20.0 (1 -52)
Stall working hours (mean, min — max) 6.8 (3—-12) 7.5 (3-14) 6.6 (3-13) 8.3(4-14) 7.4 (3.5-12) 7.3(3-14)
Sale volume per stall in kg/day (mean, min - max) 108 (18—830) 119 (30-1300) 70.7 (7 - 390) 196 (30-2957) 86.6 (30—280) 78.5 (7 — 2957)
Number of workers involved in the business (n, %)
One 46 (32.8) 30 (33.7) 37 (41.1) 21 (25.0) 30 (36.1) 164 (33.7)
Two 83 (59.3) 45 (50.6) 37 (41.1) 31 (36.9) 41 (49.4) 237 (48.8)
More than two 11 (7.9) 14 (15.7) 16 1(7.8) 32(38.1) 12 (14.5) 85 (17.5)
Selling other meats (e.g. beef, chicken) (n, %)
Yes 4(2.9) 4 (4.5) 7(7.8) 1(1.2) 8(9.6) 24 (4.9)
No 136 (97.1) 85 (95.5) 83 (92.2) 83 (98.8) 75 (90.4) 462 (95.1)
Selling intestine (n, %)
Yes 66 (47.1) 56 (62.9) 11 (12.2) 70 (83.3) 41 (49.4) 244 (50.2)
No 74 (52.9) 33(37.1) 79 (87.8) 14 (16.7) 42 (50.6) 242 (49.8)
Water storage at stall (n, %)
Piped water 77 (55.0) 28 (31.5) 4 (4.4) 41 (48.8) 40 (48.2) 190 (39.1)
Bucket/Basin 55 (39.3) 38 (42.7) 34 (37.8) 32(38.1) 31 (37.3) 190 (39.1)
Plastic bottle/can 21.4) 3(3.4) 3(3.3) 3(3.6) 1(1.2) 12 (2.5)
No water 6 (4.3) 20 (22.5) 49 (54.4) 8(9.5) 11 (13.3) 94 (19.3)

as the best surface to display or store meat, except in Thua Thien Hue,
where 64.4 % opted for less hygienic materials such as plastic, wood,
cardboard, or cloth. There were 189 respondents (38.9 %) who
answered correctly that viscera should be separated from meat, with
notably lower corrected responses recorded in Hanoi (23.6 %) and Thai
Nguyen (25.8 %) compared to the other provinces (approximately
50 %). In these two provinces, vendors reported that containing viscera
on a tray or plate was sufficient, and that for the next questions, only 3
vendors out of 229 (1.3 %) from these two provinces recognized that
contact with offal might be the contamination source while selling.
Weather (heat and humidity) was cited as the most likely source of meat
spoilage while selling (128/486, 26.3 %), followed by various sources
such as flies, dirty surfaces, or dust from ground (each mentioned by less
than 16 %). Only 20 vendors (4.1 %) mentioned the risk of dirty hands,
while 28.2 % believed spoilage was unavoidable. In terms of hand-
washing habits, 68.1 % (331/486) reported washing their hands before
or after selling, while 31.7 % washed only when their hands felt dirty.
Only 11.7 % reported that hands should be washed after each customer.
The total mean score of knowledge was 1.4 (out of 5), with no significant
difference between provinces.

Vendor attitudes towards food safety risks were mixed, with some
provinces showing strong concern while others reflected high levels of
confidence. When vendors were asked about the factors that influence
consumers’ choices when buying pork, “good quality” was the top factor
overall (86.4 %) and consistent among all provinces, followed by

knowing the vendor (28.4 %). Cleanliness of stalls or vendors was rarely
mentioned (7 % and 4.1 %, respectively). Vendor rating was especially
important in Dong Nai (30.1 %) and Can Tho (22.6 %), while food safety
was more frequently mentioned in Thua Thien Hue (26.7 %). In the next
two questions about perceived risk, vendors were informed that pork
might be contaminated before they or other vendors in the market
purchased it, for example, during slaughter, and asked how likely illness
would be if consumers were not careful when cooking pork sold either
by others in the market or by themselves. Vendors in Dong Nai showed
the highest concern, with 59.0 % of vendors believing that consumers
could get sick from pork sold in their market and 56.6 % expressing
concern about their own pork if not properly cooked. In contrast, Thua
Thien Hue had the lowest perceived risk (26.7 % and 12.2 %, respec-
tively). Vendors in Hanoi, Thai Nguyen, and Can Tho reported more
moderate perceptions. Across all provinces, vendors generally perceived
less risk from the pork they personally sold compared to pork sold by
others in the market.

3.3. Observations of essential hygienic equipment and practice

Hygienic equipment at stalls was often incomplete, with very few
vendors meeting all necessities. Among 486 facilities surveyed, 42.6 %
had a handwashing setup that could prevent recontamination, such as a
container with a spigot or tap (Table 3). More than 70 % of stalls had
soap or detergent, whereas only 3.9 % had disinfectant. Additionally,
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Table 2
Vendors’ knowledge and attitude on food safety in traditional markets across five provinces in Vietnam.
Options Hanoi Thai Nguyen  Thua Thien Hue Can Tho Dong Nai  Overall
(n = 140) (n=89) (n =90) (n=84) (n=83) (N = 486)

Knowledge

1. Things to do while selling to make sure pork stays clean**
Wash food preparation surfaces regularly* 122 (87.1) 81 (91.0) 41 (45.6) 49(58.3) 45(54.2) 338(69.5)
Disinfect food preparation surfaces regularly* 2(1.49) 5 (5.6) 2(2.2) 4(4.8) 0 (0) 13 (2.7)
Use easy to clean food preparation surfaces” 1(0.7) 6 (6.7) 15 (16.7) 7 (8.3) 11 (13.3) 40 (8.2)
Store raw viscera and raw meat separately” 2(1.4) 1(1.1) 3(3.3) 7 (8.3) 224 15(3.1)
Use different knives/cutting boards for raw meat, raw viscera, cooked products* 0 (0) 0 (0) 9 (10.0) 0 (0) 1(1.2) 10 (2.1)
Wash hands regularly* 14 (10.0) 9(10.1) 6 (6.7) 0 (0) 0 (0) 29 (6.0)
Clean/wash meat (with water, remove hair) 9 (6.4 6 (6.7) 5(5.6) 10 (11.9) 23 (27.7) 53 (10.9)
Use cardboard/cloth and/or change them 5(3.6) 4 (4.5) 10 (11.1) 7 (8.3) 6(7.2) 32 (6.6)
Hang meat 0 (0) 0 (0) 0 (0) 8 (9.5) 2(2.4) 10 (2.1)
Ensure clean origin of pork or keep in cool temperature/frozen 5(3.6) 0 (0) 2(2.2) 3(3.6) 2(2.4) 12 (2.5)
Keep good appearance (organized meat display, wear gloves/aprons) 5(3.6) 5(5.6) 7(7.8) 4 (4.8) 7 (8.4) 28 (5.8)
Other 11 (7.9) 11 (12.4) 11 (12.2) 6 (7.1) 3(3.6) 42 (8.6)
Do not know (or do nothing) 1(0.7) 1.1 5 (5.6) 9 (10.7) 11 (13.3) 27 (5.6)
Score - mean (SD) 0.2 (0.1) 0.2 (0.1 0.1(0.1) 0.1(0.1) 0.1 (0.1 0.2 (0.1)

2. Best surface to display or store meat
Easy to clean materials (e.g. metal, granite, hanging...)* 90 (64.3) 68 (76.4) 32(35.6) 50 (59.5) 52 (62.7) 292 (60.1)
Other materials (e.g., plastic, wood, cardboard, cloth...) 50 (35.7) 21 (23.6) 58 (64.4) 34 (40.5) 31 (37.3) 194 (39.9)

3. How to display viscera
Separately from meat* 33 (23.6) 23 (25.8) 49 (54.4) 41 (48.8) 43 (51.8) 189 (38.9)
In a tray/plate/basket 105 (75.0) 64 (71.9) 20 (22.2) 37 (44.0) 35(42.2) 261 (53.7)
Together with meat 0 (0) 0 (0) 2(2.2) 1(1.2) 1(1.2) 4(0.8)
Do not know 214 2(2.2) 19 (21.1) 5 (6.0) 4 (4.8) 32 (6.6)

4. Contamination sources while selling**
Flies™ 18 (12.9) 22 (24.7) 8(8.9) 14 (16.7) 12(14.5) 74 (15.2)
Dirty hands* 7 (5.0) 5 (5.6) 2(2.2) 1(1.2) 5 (6.0) 20 (4.1)
Dust from ground* 17 (12.1) 21 (23.6) 5 (5.6) 5 (6.0) 9 (10.8) 57 (11.7)
Dirty knives* 16 (11.4) 6 (6.7) 2(2.2) 0 (0) 1(1.2) 25 (5.1)
Dirty surface* 27 (19.3) 17 (19.1) 4 (4.9) 7 (8.3) 17 (20.5) 72 (14.8)
Contact with offal* 1(0.7) 2(2.2) 6 (6.7) 10 (11.9) 15(181) 34 (7.0)
Dirty water” 2149 0 (0) 10 (11.1) 17 (20.2) 13 (15.7) 42 (8.6)
Weather (hot, humidity...)* 36 (25.7) 31 (34.8) 25 (27.8) 19 (22.6) 17 (20.5) 128 (26.3)
Contaminated at source 9(6.4) 1(1.1) 5(5.6) 2(2.4) 1(1.2) 18 (3.7)
Long selling time 2149 4 (4.5) 9 (10.0) 12 (14.3) 21 (25.3) 48 (9.9)
Don’t know / there is no way 39 (27.9) 23 (25.8) 33(36.7) 22 (26.2) 20 (24.1) 137 (28.2)
Others 7 (5.0) 4 (4.5) 3(3.3) 18 (21.4) 12(14.5) 44 (9.1)
Score - mean (SD) 0.1(0.1) 0.1 (0.1) 0.1(0.1) 0.1(0.1) 0.1(0.1) 0.1 (0.1

5. Time to wash hands while at work**
After each customer* 15 (10.7) 16 (18.0) 7 (7.8) 5 (6.0) 14 (16.9) 57 (11.7)
After using the toilet* 32D 0 (0) 9 (10.0) 6(7.1) 1(1.2) 19 (3.9)
After handling money* 1(0.7) 0 (0) 0 (0) 0 (0) 0 (0) 1(0.2)
At the beginning of the day* 28 (20.0) 19 (21.3) 33 (36.7) 10 (11.9) 18(21.7) 108 (22.2)
At the end of the day* 63 (45.0) 48 (53.9) 50 (55.6) 23(27.4) 39(47.0) 223 (45.9)
When hands feel dirty* 43 (30.7) 33 (37.1) 16 (17.8) 35(41.7) 27(32.5) 154 (31.7)
After eating” 4(2.9) 1(1.D 0 (0) 3(3.6) 1(1.2) 9(1.9)
Before eating* 25 (17.9) 8 (9.0) 10 (11.1) 7 (8.3) 10 (12.0) 60 (12.3)
When selling viscera 21 (15.0) 9 (10.1) 9 (10.0) 8 (9.5) 3(3.6) 50 (10.3)
No need 0 (0) 1(1.1D 2(2.2) 1(1.2) 1(1.2) 5(1.0)
Whenever the vendor is free or as requested by customers 25 (17.9) 7 (7.9) 13 (14.49) 19 (22.6) 10(12.0) 74(15.2)
Other 16 (11.4) 4 (4.5) 3(3.3) 4(4.8) 8(9.6) 35(7.2)
Score - mean (SD) 0.2 (0.1) 0.2 (0.1) 0.2 (0.1) 0.1 (0.1) 0.2 (0.1) 0.2 (0.1)

Mean total score of knowledge (out of 5) 1.3 (0.1) 1.5 (0.7) 1.3 (0.7) 1.5 (0.8) 1.6 (0.8) 1.4 (0.7)

Attitude

1. What do you think consumers look for when deciding from whom to buy pork
Good price 29 (20.7) 10 (11.2) 6 (6.7) 16 (19.0) 17 (20.5) 78 (16.0)
Good quality 127 (90.7) 83(93.3) 80 (88.9) 66 (78.6) 64 (77.1) 420 (86.4)
Has cuts/preparations I prefer 4(2.9) 1(1.1) 5(5.6) 0 (0) 6 (7.2) 16 (3.3)
Know vendor 35 (25.0) 19 (21.3) 33(36.7) 27 (32.1) 24(28.9) 138(28.4)
Stall is clean 17 (12.1) 334 3(3.3) 5 (6.0) 6 (7.2) 34 (7.0)
Vendor is clean 9 (6.4) 334 2(2.2) 224 4 (4.8) 20 (4.1)
Food is safe / not risky 8(5.7) 8 (9.0) 24 (26.7) 14 (16.7) 11 (13.3) 65(13.4)
Vendor has a high rating 0 (0) 0 (0) 9 (10.0) 19 (22.6) 25 (30.1) 53 (10.9)

2. If someone wasn’t careful about how they cooked the pork from a typical vendor in this market sold, how likely do you think it is that they would get sick?
Very likely 22 (15.7) 10 (11.2) 10 (11.1) 16 (19.0) 24 (28.9) 82(16.9)
Somewhat likely 36 (25.7) 22 (24.7) 14 (15.6) 21(25.0)0 25(30.1) 118(24.3)
Neither likely nor unlikely 7 (5.0) 9 (10.1) 5(5.6) 12 (14.3) 5 (6.0) 38 (7.8)
Somewhat unlikely 39 (27.9) 28 (31.5) 25 (27.8) 7 (8.3) 10 (12.0) 109 (22.4)

(continued on next page)
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Table 2 (continued)
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Options Hanoi Thai Nguyen  Thua Thien Hue = Can Tho Dong Nai  Overall
(n = 140) (n=89) (n =90) n=84) (n=83) (N = 486)
Highly unlikely 28 (20.0) 15 (16.9) 27 (30.0) 16 (19.0) 8(9.6) 94 (19.3)
Don’t know /refused 8 (5.7) 5 (5.6) 9 (10.0) 12(14.3) 11(13.3) 45(9.3)
3. If someone wasn’t careful about how they cooked the pork they bought from you, how likely do you think it is that they would get sick?
Very likely 13 (9.3) 8 (9.0) 2(2.2) 14(16.7) 20(24.1) 57 (11.7)
Somewhat likely 38 (27.1) 22 (24.7) 9 (10.0) 17 (20.2) 26 (31.3) 112 (23.0)
Neither likely nor unlikely 7 (5.0) 5 (5.6) 7 (7.8) 7 (8.3) 7 (8.4) 33(6.8)
Somewhat unlikely 43 (30.7) 28 (31.5) 18 (20.0) 15(17.9) 7(8.4) 111 (22.8)
Highly unlikely 31 (22.1) 18 (20.2) 47 (52.2) 23 (27.4) 16 (19.3) 135 (27.8)
Don’t know /refused 8 (5.7) 8 (9.0) 7 (7.8) 8(9.5) 7 (8.4) 38(7.8)

" Correct answers to each question; ** Multiple answers are correct to the question - each question’s score was calculated as the proportion of correct answers
selected, relative to the number of pre-specified correct options. SD = Standard Deviation

Table 3

List of the availability of essential hygienic equipment and pork vendor practices observed during discreet and direct observations in traditional markets across five

provinces in Vietnam (N = 486).

No Content Hanoi Thai Thua Thien Can Tho Dong Overall
(n =140) Nguyen Hue (n =84) Nai (N = 486)
(n=289) (n =90) (n =83)
Equipment Frequency n (%)
1  Having a way to wash hands without recontamination (container with spigot or tap) 78 (55.7) 33 (37.1) 12 (13.3) 41 (48.8) 43 (51.8) 207 (42.6)
2 Having soap / detergent for cleaning surfaces and washing hands 123 (87.9) 52(58.4) 48 (53.3) 68 (81.0) 77 (92.8) 368 (75.7)
3 Having disinfectant for surfaces / utensils 7 (5.0) 4 (4.5) 3(3.3) 0 (0) 5 (6.0) 19 (3.9)
4 Having separate knives for separate products 100 (71.4) 37 (41.6) 61 (67.8) 21 (25.0) 39 (47.0) 258 (53.1)
Mean total score of equipment (out of 4) 2.2(0.8) 1.4(09) 1.4 (0.9) 1.5(0.8) 2.0(0.8) 1.8(0.9)
Practice
10 min of discreet observation Frequency n (%) Median
(min —
max)
1  Pork is displayed on an easy to clean surface 86 (61.4) 59 (66.3) 23 (25.6) 31(36.9) 40(48.2) 239(49.2) na
2 Different products are kept on separate trays 118 (84.3) 68 (76.4) 70 (77.8) 69 (82.1) 81 (97.6) 406 (83.5) na
3 Hand swab is clean 138(98.6) 76(85.4) 65(72.2) 55(65.5) 61 (73.5) 395(81.3) na
4  Knife swab is clean 125(89.3) 62(69.7) 38(42.2) 34(40.5) 30(36.1) 289(59.5) na
30 min direct observation Frequency n (%) Median
(min —
max)
5 Different products are kept on separate trays and not use the same knife, cutting 97 (69.3) 54 (60.7) 60 (66.7) 55(65.5) 64 (77.1) 330 (67.9) na
board, weighing plate/scale, or cloth for different products
6* Washing their hands in any way 12 (8.6) 5 (5.6) 8 (8.9) 6(7.1) 7 (8.4) 38 (7.8) 1(1-8)
7* Washing hands with soap or disinfects hands 201.4) 0 (0) 1(1.1) 0 (0) 1(1.2) 4(0.8) 1(1-8)
8* Washing or disinfects the knife 2(1.4) 1(1.D 0 (0) 0 (0) 224 5(1.0) 1(1-2)
9* Washing cutting board with soap or sprayed disinfectant 0 0 0 0 0 0 0
10 Cleaning cutting board in any way (including scraped, washed, disinfected) 17 (12.1) 9(0.1) 49 (54.4) 26 (31.0) 23(27.7) 124 (25.5) 2(1-98)
Mean total score of practice (out of 5)** 3.4(0.7) 3.1(0.9 2.2(1.1) 2.3(1.1) 2.6(09) 28(1.0) 3(0-4)

" Practice was assessed through 10 min of discreet observation, but the recorded values were 0 in all cases. na: not applicable for summary statistics. ** Total score of
practice = items 1 4+ 2 + [either 3 or 7] + [either 4 or 8] + 9, based on discreet observations.

53.1 % of facilities used separate knives for different products, reducing
the risk of cross-contamination. There were only 4 vendors (0.8 %) who
had all the listed equipment, while 41 vendors (8.4 %) lacked all of
them.

Vendor hygiene practices were generally poor, with differences
observed between the discreet and direct observations and varied
significantly across provinces. Only 49.2 % (239/486) of vendors placed
pork on easy-to-clean surfaces such as stainless steel or granite, with
significantly higher adherence in Thai Nguyen and Hanoi compared to
Thua Thien Hue and Can Tho vendors. Most vendors (406/486, 83.5 %)
were likely to keep different products on separate trays, whereas Dong
Nai stood out with 97.6 % of practiced vendors and significantly higher
than in other provinces. However, during the direct observation period,
while vendors were additionally assessed to not use the same knife,
cutting board, weighing plate/scale, or cloth for different products, the
figures dropped to 330 (67.9 %). Although vendors’ hands and knives
often appeared visibly clean when assessed using the photo-based

cleanliness scale, no instances of washing them were observed during
discreet observation at any markets. During the 30-minute direct
observation period, washing events were rare (0 to less than 3 % of
vendors). None of the vendors washed the cutting board with soap or
sprayed disinfectant at any point. Looking at the association between
knowledge and practices, we found no statistically significant correla-
tion between keeping different products on separate trays and their
knowledge that it should be done. In contrast, vendors who were aware
of suitable surfaces for placing pork tended to apply correct practices
(Chi-square test, p < 0.01).

The mean total equipment and practice scores differed notably across
provinces. Vendors in Hanoi and Dong Nai had significantly higher
equipment scores compared to those in Thai Nguyen, Thua Thien Hue,
and Can Tho. In contrast, practice scores were generally higher in
northern provinces (Hanoi and Thai Nguyen) compared to other prov-
inces. The total knowledge and equipment scores were both significantly
positively associated with practice score (Kruskal-Wallis test, p < 0.01,
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r=0.17 and r = 0.23, respectively), while no significant association
was found between knowledge and equipment scores. Vendors who had
attended food safety training did not show higher total knowledge or
equipment scores, but they had higher practice scores (Wilcoxon rank-
sum test, p < 0.01). When examining each individual item within the
knowledge, equipment, and practice categories, a significant positive
association was found between having received training and better un-
derstanding as well as practice in using proper surfaces to display pork
(Chi-square test, p < 0.05).

3.4. Microbiological results

Due to inconsistencies in laboratory facilities in Thua Thien Hue,
which could not ensure the same testing protocol as other provinces, all
microbiological test results (n = 90) from this province were excluded in
the following analyses.

The overall Salmonella prevalence in pork was 64.4 % (255/396) and
was significantly higher in the Can Tho and Dong Nai (southern prov-
inces in the Mekong Delta, 86.8 %) compared to Hanoi and Thai Nguyen
(northern, 47.5 %, Chi-square test, p < 0.01). The mean TBC in pork and
cutting board were 6.4 log;oCFU/g and 6.9 log;,CFU/cm?, respectively
(Table 4). These levels of contamination were positively correlated and
were significantly higher in the two southern provinces than those in the
north. Nearly all samples from Can Tho and Dong Nai exceeded Viet-
nam’s permitted TBC concentration in fresh meat (5 x 10° or 5.7 logio
CFU/g, MOH, 2012). The average temperature on sampling days was
notably higher in these two southern provinces.

3.5. Factors associated with microbial contamination

Selling organs was associated with higher log;o TBC concentration
(coefficient = 0.13, 95 % confidence interval [CI]: 0.01-0.26, p = 0.03)
and increased Salmonella positivity (odds ratio [OR] = 2.04, p = 0.009).
Temperature had a significant impact on both models (p < 0.001). In
addition, the practice of displaying pork on an easy-to-clean surface was
linked to lower TBC concentration in pork (coefficient = —0.16, CIL:
—0.30 to —0.01, p = 0.03, Table 5).

4. Discussion

This study provided a detailed snapshot of vendors’ knowledge, at-
titudes, and practices, as well as microbial contamination at pork stalls
in traditional markets across Vietnam. Our main findings showed that
microbial contamination, especially Salmonella, can be high at the retail
stage where food safety practices are not adequately followed, reflecting
persistent challenges related to vendor knowledge/attitudes, market
infrastructure, environmental and cultural factors.

In line with studies from other LMICs (Wallace et al., 2022), vendor
knowledge, attitudes, and practices related to food safety were limited,
with low overall mean score. We found misperceptions from vendors; for
example, they believed that unhygienic materials like wood, cardboard,
cloth were ideal for meat display, despite these being conducive to
bacterial growth. They also tended to wash hands only when they “feel
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Table 5
Multivariable analysis of risk factors associated with total bacterial counts and

Salmonella presence in cut pork at stalls in traditional markets in Vietnam
(N = 396).

Total bacteria count (log;oCFU/g) in cut pork

Factors Coefficient 95 % CI p-value
(Standard
errors)
Temperature 0.12 (0.01) 0.10-0.15 < 0.001
Practice: Sell organs (Yes) 0.13 (0.06) 0.01-0.26 0.03
Practice: pork is displayed on an easy -0.16 (0.07) -0.30 to 0.03
to clean surface (Yes) —0.01
Salmonella presence in cut pork
Factors 0Odds ratio 95 % CI p-value
Temperature 1.17 1.10-1.25 < 0.001
Practice: Sell organs (Yes) 2.04 1.19-3.47 0.009

dirty.” Infrastructure limitations further exacerbated poor hygiene
practices: one-fifth of vendors lacked access to water at their stalls,
42.6 % had handwashing setups that could prevent recontamination,
and only 3.9 % of stalls had disinfection products available. Only 28.6 %
of vendors in our study had received any prior food safety training,
suggesting limited coverage of such programs. While trained vendors
demonstrated better practices, particularly in using easy-to-clean sur-
faces, they did not show higher overall knowledge or equipment scores.
However, knowledge and practice scores were positively associated
overall, indicating that vendors with greater knowledge also tended to
practice better hygiene. This suggests that previous training may have
improved certain behaviors without substantially increasing knowledge,
and that future programs should integrate identified knowledge gaps to
enhance both understanding and practice. These findings highlight how
both knowledge gaps and inadequate facilities constrain vendor prac-
tices, underscoring the need for holistic interventions that combine ed-
ucation with infrastructural support. In addition, clear provincial
differences were observed in vendor food safety knowledge and practice.
These geographic patterns may reflect differences in market infrastruc-
ture investment or previous exposure to local food safety programs.
Understanding these contextual factors is crucial for designing targeted
interventions, as provinces with weaker infrastructure and lower prac-
tice adherence may require more intensive combined efforts in both
education and facility improvement.

The high levels of Salmonella contamination, along with nearly 70 %
of pork samples exceeding Vietnam’s permitted TBC concentration in
fresh meat, suggests a problem with the safety and quality of the pork
being sold in traditional retail outlets in Vietnam. The Salmonella
prevalence on cut pork in this study (64.4 %) was comparable to find-
ings in China (67 %) (Chen et al., 2021), Thailand (73.2 %) (Patchanee
et al., 2016), and the Laos-Thai border (72.73 %) (Meunsene et al.,
2021), but higher than that examined in Cambodia (45.7 %) (Rortana
etal., 2021). Compared to recent studies, the figure in the South exceeds
that of previous reports by Nguyen et al. (2016) at 69.7 %, Nhung et al.
(2018) at 72.7 %, and similar to the more recent findings by Vu et al.
(2021) at 90.8 %, while the prevalence in the North is lower than the
60.5% reported by Ngo et al. (2021). Additionally, the TBC

Table 4

Contamination of TBC from cutting boards and TBC and Salmonella from fresh pork at 56 traditional markets in Vietnam (N = 396).
Indicator Hanoi Thai Nguyen Can Tho Dong Nai Total

(n = 140) (n=89) (n=84) (n=283) (N = 396)
Salmonella in cut pork Number of positive samples (%) 70 (50.0)*° 40 (44.9)*° 83 (98.8)° 62 (74.7)¢ 255 (64.4)
TBC in cut pork mean (SD) 5.7%% (1.0) 5.8%" (0.6) 7.5¢ (0.6) 6.99(0.7) 6.4 (1.1)
(log10 CFU/g) % exceed standard* 43.6 59.6 100.0 96.4 70.2

TBC in cutting boards (log;o CFU/cm?) mean (SD) 6.7%" (1.0) 6.9%>4 (0.7) 7.3 (0.5) 7.054(0.8) 6.9 (0.9)
Average temperature of sampling day°C (SD) 15.1* (3.9) 17.8" (1.3) 27.5%4 (2.6) 27.9%4 (1.8) 20.8 (6.5)

abede pifference superscripts indicate statistically significance at p < 0.01, Kruskal-Wallis for log;o TBC, Chi-square for Salmonella and Bonferroni adjust method. *
Vietnam national technical regulation of microbiology contaminants in food (TBC concentration in fresh meat samples is not allowed to exceed 5 x 10° (5.7 log;o CFU/

g) (MOH, 2012). TBC: total bacteria count. SD: Standard Deviation.
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concentration in cut pork was 1 log CFU/g higher, while that on cutting
boards was 0.5 log CFU/cm? lower than previously observed in northern
Vietnam (Ngo et al., 2021). In this study, Salmonella prevalence was
significantly higher in the southern provinces compared to the north,
which was consistent with relevant literature (Dang-Xuan et al., 2019).
This could be explained by the warmer climate in the south that accel-
erates bacterial growth, as well as different management and handling
norms prevailing, for instance, greater sale volume and number of
workers per stall in Dong Nai or fewer vendors using easy-to-clean
surfaces in Can Tho.

Previous studies in Vietnam have shown that pork arrangement,
storage conditions, and environmental hygiene influence microbial
contamination (Dang-Xuan et al., 2019; Ngo et al., 2023). Consistent
with these findings, our study identified several factors associated with
both Salmonella prevalence and TBC levels, highlighting the need to
improve hygienic practices among pork vendors. The use of
hard-to-clean surfaces (e.g. cardboard, cloth) and selling organs were
linked to higher contamination, likely due to the belief that absorbent
materials keep meat dry and visually appealing to consumers and cross
contamination from the gastrointestinal tract (Dang-Xuan et al., 2016,
Bellido-Carreras et al., 2019). The strong correlation between pork and
cutting board contamination underscores the role of surfaces as critical
points for bacterial transmission, and the need for regular cleaning and
replacement of equipment. High ambient temperature as well as the lack
of water access, refrigeration or ice during long selling hours further
facilitate bacterial growth, which are typical challenges in LMICs to
maintaining the hygiene, safety and quality of pork (Wallace et al.,
2022). Practical alternatives in the Vietnamese context such as limiting
pork sales to cooler morning hours (Dang-Xuan et al., 2019), or use of
insulated boxes with ice packs for storing meat or at least pork organs,
may help reduce contamination. However, the feasibility of adopting
such practices depends on cost, accessibility, and vendor willingness to
adopt new practices. Further research is needed to assess the practicality
of interventions in the context of Southeast Asian traditional markets.

Based on our findings, we propose a food safety intervention
grounded in three integrated components: enabling environment,
appropriate equipment, and behavioral incentives (Grace, 2023).
Firstly, enabling environment requires leadership engagement and
policy-level investment in market infrastructure, particularly in water
supply to support vendors’ compliance. Secondly, given that only four
vendors had all the necessary hygiene equipment, future policies should
enforce minimum hygiene standards at markets and promote the
availability of low-cost, practical equipment, such as non-absorbent
surfaces, separated tools, and easy-to-use disinfectants, which were
successfully trialed in small size previously in Vietnam (Ngo et al.,
2023). Thirdly, targeted education must address cultural norms and
long-standing practices with incentives, showing for example how food
safety can improve customer trust and lead to a higher income
(Hennessey et al., 2020). Previous interventions have largely overlooked
this aspect, which is essential to sustain voluntary change. We also
suggest visual cues, nudges like signage or audio prompts, and
recognition-based rewards to reinforce new practices. Given that 97.5 %
of pork vendors were women, which aligned with existing literature
highlighting women’s central role in informal food retail across Vietnam
and Southeast Asia (Nguyen Thi Thuy et al., 2020; Nguyen-Thi-Duong
et al., 2022; ILO, 2023), interventions should be tailored to their
unique role.

This study had limitations. First, microbiological analysis was con-
ducted in four different laboratories across the country, introducing
potential bias due to variations in technicians’ skills and laboratory
capacity. To minimize this, the research team organized a training ses-
sion to standardize protocols and practice, provided on-site support, and
maintained regular quality checks. Despite this mitigation effort, labo-
ratory inconsistencies in one province in central Vietnam limit the
comparability of microbiological results across all sites. Future work
should include regular data quality control. Secondly, discreet
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observation which was conducted over a short period to avoid revealing
enumerators to vendors may not have fully captured typical routines.
However, each stall was then observed for approximately 30 min to
reduce this bias and allow for meaningful comparisons. Despite these
limitations, the large and diverse sample of vendors offers a compre-
hensive and current overview of food safety knowledge, attitudes, and
practices across Vietnam, providing a strong base for future intervention
planning.

5. Conclusion

Vietnam’s traditional markets remain a vital part of the food system,
especially for ASF. This study highlighted the limited knowledge, mixed
attitudes, and poor practices of pork vendors, as well as high level of
microbial contamination — including Salmonella — with notable differ-
ences across provinces. The analysis suggests that vendor practices are
shaped not only by knowledge or attitudes but also by structural factors
such as market infrastructure and regulations. Interventions should
therefore move beyond generic training to integrate context-specific
education, low-cost equipment support, and infrastructural improve-
ments, particularly in provinces with weaker food systems. The findings
offer actionable insights for designing market-level interventions to
improve food safety in Vietnam and other LMICs where traditional
markets remain central to the food system.
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