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Improving food safety in Vietnam’s
traditional pork supply chain

Abstract

Foodborne diseases linked with pork consumption remain a major public health
concern in low- and middle- income countries, where traditional supply chains
dominate, food safety controls are limited, and interventions are under-explored.
This thesis tested and evaluated food safety interventions in pig slaughterhouses and
traditional markets, using a One Health approach that integrates microbiological,
behavioural, economic, and socio-cultural perspectives. Two intervention studies
were conducted across five provinces in the north, central, and south of Vietnam. At
16 slaughterhouses, a controlled trial evaluated a technique-based (low-cost
equipment and hygiene training) and an incentive-based (performance-based
inspection with financial rewards) intervention. At 68 traditional markets, a
randomised controlled trial assessed interventions including vendor training,
inspection and public disclosure, equipment provision, and a consumer awareness
campaign. A total of 192 samples from slaughterhouses (pig carcasses and workers’
hand swabs) and 814 samples from markets (cut pork and cutting board swabs) were
analysed for total bacterial count, Salmonella, coliforms, and Escherichia coli,
alongside pre- and post- intervention observations and interviews (486 participants
each round). Baseline findings demonstrated high microbiological contamination
and poor hygiene practices at both slaughterhouses and markets. Interventions
improved knowledge, hygiene practices, equipment availability, and additionally at
the market level, increased vendor revenues. Microbiological reductions were
observed for certain indicators at slaughterhouses but remained consistently high at
markets, indicating the influence of interacting factors, including hygienic practice,
infrastructure, environmental conditions, and socio-economic dynamics along the
supply chain. Consumer awareness and risk perception exhibited a limited response
to the consumer campaign, and purchasing behaviour remained unchanged. This
thesis contributes to the evidence based on intervention effectiveness under real-
world conditions, suggesting that future strategies should emphasise consumers as
active drivers of demand for safe food, combined with coordinated structural and
regulatory improvements across the supply chain.

Keywords: pork safety, intervention, enabling environment, capacity building,
incentive, inspection, LMIC



Forbattrad livsmedelssakerhet langs den
traditionella vardekedija for flaskkatt i
Vietnam

Abstract

Livsmedelsburna sjukdomar kopplade till konsumtion av flaskkott ér ett betydande
folkhélsoproblem 1 lag- och medelinkomstldnder. 1 dessa linder dominerar
traditionella forsorjningskedjor, livsmedelskontroll &r begrinsad och kunskaper om
atgdrder for att forbéttra livsmedelssdkerhet ar otillrdckliga. Denna avhandling har
utvdrderat atgérder for att forbdttra livsmedelssikerhet vid grisslakterier och pa
traditionella marknader. Studierna i avhandlingen har haft ett One Health-perspektiv
som omfattar mikrobiologi, beteende, ekonomi och sociokulturella aspekter. Tva
interventionsstudier genomfordes 1 fem provinser i norra, centrala och soddra
Vietnam. Vid 16 slakterier utvdrderades teknik- och incitamentsbaserade atgarder.
Dessutom genomfordes en randomiserad studie pa 68 marknader dér atgérderna
bestod av utbildning av forsiljare, inspektion och offentlig aterkoppling, utrustning
samt en informationskampanj riktad till konsumenter. Totalt analyserades 192
prover fran slakterier och 814 prover frdn marknader med avseende pa total
bakteriehalt, Salmonella, koliforma bakterier och Escherichia coli. Detta
kompletterades med observationer och intervjuer fore och efter atgirderna (486
deltagare vid varje tillfélle). Resultat visade hog mikrobiologisk kontamination och
bristande hygienrutiner vid bade slakterier och marknader. Atgirderna ledde till
okade kunskaper, béttre hygienrutiner och pd marknaderna 6kade intékter. Det
visades dven att vissa mikrobiologiska indikatorer minskade vid slakterierna, medan
nivaerna pa marknaderna forblev hoga. Detta tyder pa att det finns flera samverkande
faktorer som péverkar livsmedelssédkerhet léngs hela vidrdekedjan, sdsom
hygienrutiner,  infrastruktur, = miljoforhdllanden = och  socioekonomiska
forutséttningar. Konsumenters medvetenhet, riskuppfattning och kopbeteende
paverkades i begréansad utstrickning av informationskampanjen. Avhandlingen
bidrar med kunskap om hur atgirder for att forbéttra livsmedelssdkerhet fungerar i
praktiken och att framtida strategier bor stirka konsumenternas roll, i kombination
med samordnade forbattringar av struktur och regelverk lédngs hela virdekedjan.

Keywords: flaskkott, atgarder, kapacitetsutveckling, incitament, livsmedelskontroll,
lag- och medelinkomstldnder
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1. Introduction

1.1. Burden of food-borne diseases

Food-borne diseases (FBD) are illnesses that result from the consumption of
food contaminated with pathogenic microorganisms, parasites, or chemical
hazards. They represent a major global public health burden, comparable to
that of malaria, HIV/AIDS, and tuberculosis (WHO 2015). In 2010, 31
foodborne hazards were estimated to cause 33 million disability-adjusted life
years (DALYs) worldwide, with children under five comprising 40% of the
total (Havelaar et al. 2015). Notably, animal-source food (ASF) contributed
35% of the estimated total impact of FBD (Li et al. 2019).

In low- and middle-income countries (LMIC), FBD were responsible for
approximately 600 million illnesses and 420,000 deaths (Havelaar et al.
2015) as well as an estimated economic loss of US$110 billion (Jaffee et al.
2019). Beyond these direct impacts, FBD also inflicted potential effects
regarding malnutrition, gender inequality, and the emergence of infectious
diseases (Grace 2023). Africa and South-East Asia (SEA) regions were
ranked as suffering from the highest burden of FBD (Havelaar et al. 2015).
However, assessing FBD in these countries is challenging due to limited
research and weak reporting systems. The few studies that do exist, primarily
from SEA, have often relied on self-reported attribution of diarrhoeal illness
to food consumption and indicate relatively high levels of FBD (Grace
2017).

1.2. Foodborne diseases in Vietnam

In Vietnam, FBD continue to represent a significant yet under-recognised
public health issue (World Bank 2017). Although outbreaks of FBD are
frequently reported, there is no comprehensive and reliable national dataset,
and available statistics are often inconsistent, outdated, or lack transparency
in reporting sources. Between 2011 and 2016, there were 1,007 reported
foodborne outbreaks nationwide, affecting 30,395 people and causing 164
deaths. The main causes were microorganisms (40.2%), followed by natural
toxins (27.9%), and chemicals (4.3%), whilst in 268 cases (26.6%) the cause
remained unidentified (MOH 2017). The total annual costs associated with
hospitalisation for foodborne diarrhoea cases range between US$ 5.8-6.4
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million (Hoang et al. 2015). Another report claimed that the burden from
productivity loss due to FBD is approximately USD 0.8 billion annually
(Jaffee et al. 2019). However, the true burden is likely underestimated due to
substantial underreporting, particularly regarding sporadic and mild cases
where individuals often do not seek medical attention.

The structure of Vietnam’s food system contributes to this challenge.
Traditional wet markets remain the dominant retail channel for fresh foods,
whilst cold chain infrastructure is limited, especially in peri-urban and rural
areas (Gligor et al. 2018). Additionally, food production and distribution are
largely based on smallholder and informal systems, complicating traceability
and regulatory oversight. As a result, food safety in Vietnam constitutes a
systemic issue across the entire food supply chain, as opposed to an isolated
problem of individual practices. Within this context, risks associated with
foodborne hazards, particularly microbial contamination, become a critical
concern.

1.3. Animal-source foods and microbial hazards

ASF are particularly important in the context of FBD due to their high
susceptibility to contamination. They provide rich nutrient environments that
support microbial growth, are frequently exposed to contamination during
slaughter and processing, and often require strict temperature control to
prevent bacterial multiplication (Heredia and Garcia 2018a; Sofos 2008).
Among the three main types of foodborne hazards, microbial pathogens
account for the majority of the global FBD burden (Todd 2014). In pork
production systems, microbial contamination typically originates from the
animals’ intestinal contents and may be introduced during slaughter and
processing through faecal contamination (Tholen et al. 2024; Dang-Xuan et
al. 2019). Carcasses can also become contaminated through contact with
slaughterhouse environments, including contaminated equipment, workers’
hands, processing surfaces, and water used during slaughter, particularly
when hygiene practices and sanitation controls are inadequate (Saenkankam
et al. 2025; Dang-Xuan et al. 2019). Unlike chemical hazards, microbial
hazards can multiply and spread along the food supply chain, an issue
exacerbated by poor hygiene and inadequate temperature control (Dang-
Xuan et al. 2019). Microbial contamination is therefore a commonly used
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indicator for assessing hygiene conditions and food safety risks in meat
production.

To assess overall microbial load and hygienic conditions during slaughter
and meat handling, total bacteria count (TBC) is widely used, whilst total
coliforms and pathogenic strains of Escherichia coli (E. coli) are common
indicators of faecal contamination and poor sanitation, reflecting cross-
contamination from intestinal contents, water, equipment, or handlers (Desta
Sisay 2015; Hemalata and Virupakshaiah 2016; Abebe et al. 2020; Heredia
and Garcia 2018b). Furthermore, Salmonella spp. is a key foodborne
pathogen and a major cause of pork-associated foodborne illness (WHO
2015; FAO 2020; Havelaar et al. 2015). These indicators are both essential
and practical for monitoring hygiene conditions and evaluating the impact of
food safety interventions across pork supply chains.

1.4. Risks from traditional pork supply chain in Vietnam

Among ASF, pork occupies a central position within the Vietnamese diet,
with per-capita intake increasing from approximately 30 kg in 2021 to about
39 kg in 2025, accounting for nearly 60% of total meat consumption (VNA
2026; World Bank 2017; Nguyen-Viet, Dang-Xuan, et al. 2019). Most
consumed pork is distributed through traditional value chains which involve
multiple intermediaries (World Bank 2017; Nguyen Thi Thuy et al. 2020;
Nguyen-Minh et al. 2023). These supply chains generally consist of multiple
stages, including smallholder farming, slaughtering, transportation, and
retailing through traditional wet markets before the pork reaching consumers
(Dang-Xuan et al. 2016). They are largely informal and fragmented, with
limited standardisation of hygiene practices. At each stage, conditions exist
that facilitate microbial contamination and its persistence along the chain,
but slaughter and retail stages are the most critical points for microbiological
cross-contamination (Duggan et al. 2010; Yokozawa et al. 2016; Ngo et al.
2021).

At the slaughterhouse level, pigs are often processed in small- to medium-
scale facilities that typically slaughter fewer than 10 to around 100 pigs per
day (Dang-Xuan et al. 2017; Ting et al. 2023). In 2023, Vietnam had 456
licensed centralised slaughterhouses, whilst more than 22,000 small-scale
facilities continued to operate without veterinary hygiene or food safety
certification (Directive 02/CT-TTg 2023). Many of these facilities rely on
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basic equipment, slaughter animals directly on the floor, lack separation
between clean and dirty areas, and conduct limited sanitation between
slaughter operations. These conditions create significant opportunities for
faecal contamination and cross-contamination between carcasses (Ting et al.
2023).

After slaughter, pork is transported to traditional markets primarily by
motorbike without cold storage. Meat is often stored in plastic containers or
temporarily covered during transport, thereby increasing the risk of
microbial growth. These practices are partly driven by consumer preference
for freshly slaughtered “warm meat” rather than chilled pork (Maruyama and
Trung 2009; Lapar and Toan 2010). Traditional markets usually consist of
small, independently operated stalls located within residential
neighbourhoods, where fresh meat is frequently displayed without
refrigeration (Gligor et al. 2018). Under such conditions, pork can be
exposed to insects, dust, and shared utensils, further increasing the risk of
cross-contamination and facilitating pathogen persistence (Nga et al. 2015;
USDA 2020; Dang-Xuan et al. 2016).

Studies performed throughout the past two decades have consistently
documented that microbiological contamination along the pork supply chain
may persist or even increase as products move from farm to consumer.
Salmonella prevalence has been reported at 30 — 40% at farm and slaughter
level, rising to 40-90% at traditional retail (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). The evidence suggested that more than half of the Salmonella
contamination in pork originated during slaughter (Yokozawa et al. 2016),
with further amplification occurring at the market level (Nguyen-Viet et al.
2022; Wallace et al. 2022). Indeed, it has been estimated that approximately
17% of the population experiences foodborne illness annually due to
Salmonella infection associated with pork consumption (Dang-Xuan et al.
2017).

These findings indicate that contamination is not effectively controlled
along the supply chain and highlight slaughterhouses and wet markets as
critical intervention points for reducing foodborne risks.
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1.5. Food safety management in Vietnam

Efforts to improve food safety in Vietnam have been implemented through
various policies and regulatory frameworks. The promulgation of the Food
Safety Law in 2010 marked an important shift toward risk-based, farm-to-
fork management and clarified responsibilities across three ministries: the
Ministry of Health, the Ministry of Agriculture and Forestry, and the
Ministry of Industry and Trade (The National Assembly 2010; Sarter et al.
2015). The law is currently under revision to address emerging challenges in
food safety governance. Despite this progress, there is still a significant gap
between legislation and implementation (Tran et al. 2024). The risk-based
approach prioritises inspection and testing activities according to the level of
food safety risk. However, in practice, the current system continues to be
predominantly reactive, meaning that interventions are often only triggered
after food incidents or poisoning outbreaks occur (World Bank 2017).
Moreover, underreporting is common, as only large outbreaks tend to be
captured, whilst small outbreaks and sporadic cases are often missed. Food
safety monitoring programmes exist, yet surveillance data are not
systematically compiled or analysed at the national level (Dinh et al. 2024).
Although approximately 5,000 food safety inspectors operate nationwide, an
integrated and comprehensive monitoring system is still lacking, and
information on outbreak response capacity remains limited (World Bank
2017). The transition toward risk-based management is further constrained
by fragmented and non-integrated data systems across ministries, continued
reliance on manual processes, and uneven enforcement capacity across
administrative levels (World Bank 2017). Additionally, the division of
regulatory authority by commodity across ministries complicates oversight
in complex settings such as traditional markets, where diverse food products
are handled simultaneously (Pham and Dinh 2020).

Whilst modern supply chains and export sectors are relatively well
controlled, food safety oversight in traditional markets and small-scale
operations persists as a particular challenge (World Bank 2017). Vietnamese
regulations also establish hygiene requirements for slaughterhouses. For
example, slaughter operations are required to follow veterinary hygiene
standards, including conducting slaughter on raised platforms rather than
directly on the floor to reduce contamination risks (MARD 2010). In
practice, compliance with these hygiene requirements is limited in many
traditional slaughter facilities due to infrastructural constraints and a lack of
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enforcement capacity. Strict penalties, such as the closure of non-compliant
facilities, may also disrupt local pork supply chains and threaten the
livelihoods of small operators, thereby generating additional challenges for
regulatory implementation (World Bank 2017; Nguyen-Viet et al. 2017).
Consequently, although regulatory standards exist, implementation remains
uneven. Thus, food safety management remains largely reactive and focused
on end-product inspection, with limited effectiveness in preventing
contamination at critical points along the supply chain, particularly at
slaughterhouses and wet markets.

1.6. Vietnamese consumer perceptions of food safety

Food safety was found to be a major increasing concern among Vietnamese
consumers. However, consumer perceptions and behaviours do not always
align with actual food safety risks. Despite the importance of microbial
hazards, studies in Vietnam show that consumers tend to perceive chemical
risks as a greater concern than microbial contamination (Nguyen-Viet et al.
2017; Ha et al. 2019a). Previous studies indicate that consumer knowledge
of foodborne pathogens and their transmission pathways remain limited
(Samapundo et al. 2016; A. T. L. Nguyen et al. 2018; Le et al. 2022). This
misalignment may restrict the effectiveness of interventions targeting
microbial contamination and affect consumers’ ability to pay for safer food
(Hoffmann et al. 2019).

Nevertheless, there is evidence that consumers in Vietnam are willing to
pay a premium for safer food products, ranging from 20 to 102% above the
current market price for certified pork (Vuong et al. 2024; H. T. Nguyen et
al. 2019; Ngo, Dang-Xuan, Malqvist, Pham-Duc, et al. 2023). However, this
willingness to pay is highly dependent on consumers having trust in food
safety systems, which can be undermined by food safety incidents and a lack
of transparent information (Yan 2012).

These findings highlight a critical gap between consumer concern and
their ability to act on it. Thus, improving access to trustworthy and
understandable food safety information may enable consumers to make safer
choices. In turn, informed consumer demand has the potential to influence
vendor practices, creating a pathway for incentive-based approaches to
improve food safety in traditional markets.
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1.7. Food safety interventions and their gaps

In response to persistent food safety challenges, various interventions have
been implemented in several LMIC to improve hygiene practices along food
supply chains. These include training programmes, infrastructure
improvements, and the provision of hygiene technologies (Kwoba et al.
2023). However, many studies rely on before-and-after designs without
appropriate control groups, making it difficult to attribute observed changes
directly to the interventions (Grace 2023). In addition, most interventions
have focused on improving knowledge and providing equipment, whilst
paying less attention to creating enabling environments and incentives that
are necessary for sustained behaviour change. A hygiene intervention in the
abattoir and meat market in Nigeria initially improved food safety, but these
gains were not sustained when institutional support weakened and
coordination between stakeholders deteriorated (Grace et al. 2019).

In Vietnam, similar challenges have been observed. Formal approaches
such as Hazard Analysis and Critical Control Points (HACCP) have been
largely confined to export-oriented systems, with limited applicability to the
informal sector (Pham and Dinh 2020). Large-scale programmes such as the
Livestock Competitiveness and Food Safety Project (LIFSAP) have
demonstrated that improvements in infrastructure, training, and hygiene
practices can enhance food safety outcomes. However, evidence suggests
that these improvements remain partial, with microbiological compliance at
the market level still lacking, and their sustainability beyond the project
period uncertain without continued institutional support and incentives (L.
T. Nguyen et al. 2020; Lam et al. 2025). A recent low-cost, behaviour-based
intervention has shown the potential to reduce contamination at
slaughterhouse and market levels (Ngo, Dang-Xuan, Malqvist, Nguyen-
Thanh, et al. 2023), but evidence of their long-term effectiveness and
scalability remains limited, as the study was conducted under specific pilot
conditions.

Furthermore, in many informal markets, food safety practices are not
easily visible to consumers, and safer products do not necessarily receive
higher market rewards. This reduces the incentive for vendors to adopt
improved practices. Addressing this gap requires approaches that not only
improve hygiene but also create conditions in which safer practices are
recognised and rewarded within the market (Hoffmann et al. 2019).
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Scaling up food safety interventions requires greater attention to the
broader context in which they are implemented. This includes social and
cultural practices, local market organisation, gender roles in food handling
and trading, and the capacity of local institutions to support and sustain
change (Kwoba et al. 2023; Grace 2023). Without considering these factors,
interventions are unlikely to achieve a lasting impact.
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2. Aim of the thesis

The overall aim of this thesis was to generate evidence on the effectiveness
of food safety interventions in traditional pig slaughterhouses and retail
markets in Vietnam to reduce microbiological contamination and associated
food-borne disease risks using a One Health approach.

The specific objectives were to:

e Determine microbiological contamination and food safety
practices in traditional pig slaughterhouses and markets in
Vietnam.

e Assess the effectiveness of food safety interventions at pig
slaughterhouses in terms of improved practices and reduced
microbiological contamination.

e Evaluate the effectiveness of food safety interventions at traditional
markets in terms of change in behaviour, microbiological
contamination, and business.

e Examine the impact of food safety interventions on consumer
demand for safer food.
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3. Materials and methods

3.1. Study design

The thesis consists of two intervention studies, with the results presented
across three papers. In both studies, baseline and endline data were collected
to assess intervention effects. Qualitative analyses were conducted to inform
intervention design and are not presented in the three papers, only in the
thesis.

One intervention was based at markets, with baseline results presented in
Paper I and intervention effects reported in Paper III. The intervention at
slaughterhouses, including both baseline and post-intervention results, is
presented in Paper II. Table 1 summarises the main characteristics of each
study.

3.2. Study sites

The project was conducted in five provinces across Vietnam, covering
northern (Thai Nguyen, Hanoi), central (Thua Thien Hue), and southern (Can
Tho, Dong Nai) regions (Figure 1), although not all provinces were included
in each study (Table 1). These regions differ in climatic conditions, the scale
and organisation of pig supply chain structures, operations, and associated
cultural practices. Further details are provided in Paper 1.
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Table 1. Summary of applied methods and materials in two intervention studies at pig
slaughterhouses and traditional markets

Study 1
Intervention at
pig slaughterhouses

Study 2
Intervention at
traditional markets

Mixed methods
Study design Non-RCT (Paper II) Qualitative Quantitative:
(presented in RCT (Papers 1
thesis only) and III)
. Dec 2022 — Dec Dec 2022 — Jun
Study period Jul — Dec 2024 2023 2024
Study sites Hanoi, T.h ai Nguyen, Hanoi, Thai Nguyen, Thua Thien Hue,
(province) Thua Thien Hue, Can Tho, Dong Nai
P Can Tho ’ &
AH officers, PH
. Pig SH owners and officers, market Pork vendors and
Study population managers, SH
workers consumers
workers vendors,
and consumers
Observations,
Observational vendors surveys,
checklists, pig In-depth cut pork and
Data collection carcass swabs in tervpzews cutting board
and worker hand swabs, and
swabs consumer
surveys
TBC, Salmonella
Lab analysis spp., coliforms, Not applicable TBCand
. Salmonella spp.
E. coli
Descriptive Descriptive

Data analysis

statistics, Chi-
square, Fisher’s
exact tests, paired t-
test, ANOVA with
Tukey’s HSD, linear
regression, GLMMs

Thematic analysis

statistics, Chi-
square, Fisher’s
exact tests,
Wilcoxon rank-
sum, Kruskal-
Wallis test, linear
regression

RCT: Randomised Controlled Trial. AH: Animal Health. PH: Public Health. SH:
Slaughterhouse. ANOVA: Analysis of Variance. GLMMs: Generalised Linear Mixed-
effect Models. TBC: Total Bacteria Count.
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3.3. Sample size

In Papers I and 111, the sample size was calculated to detect a minimum 15%
absolute reduction in Salmonella prevalence using a two-proportion
comparison. Assuming an intra-cluster correlation coefficient (ICC) of 0.2, a
95% confidence level, and 80% power, the number of required vendors for
each group was 139. The study was set up to have 170 vendors per group at
the endline, with 5 vendors per market (corresponding to 34 interventions
and 34 control markets). For the intervention markets, to account for
potential loss of follow-up, the number of selected vendors was doubled to
10 per market. As a result, the total target sample size was 510 vendors (170
in control and 340 in intervention markets). In practice, due to limited vendor
availability and refusals, 494 pork vendors were recruited at the baseline and
486 were retained at the endline. These vendors are hereafter referred as
“study vendors”. Additionally, 15 consumers per market were interviewed at
each time point.

For the qualitative piece in the same study above, snowball sampling was
used to target key actors involved in pork safety at the market. Interviews
continued until data saturation was reached, defined as the point when no
new relevant information emerged. In total, 34 participants were interviewed.

In Paper II, sample size was calculated using a two-mean comparison
based on data from a previous project (ILRI 2017). The ICC, confidence
level, and power were set as in Papers I and III, and the cluster size was fixed
at six carcass samples per slaughterhouse. An expected reduction of 0.7 logio
CFU/cm? in TBC on pig carcasses was considered biologically significance.
The calculation indicated that 16 slaughterhouses (8 treatment, 8 control)
were required to detect the main effect of the intervention.

3.4. Intervention descriptions

Intervention packages were developed based on evidence from previous
projects in Vietnam (SafePork project) and Cambodia (Safe Food Fair Food
project) (ILRI 2021, 2017). At both traditional slaughterhouses and markets,
interventions were designed using the Enabling, Capacitating, Motivating
(ECM) framework to promote sustainable improvements in food safety
practices (Nguyen-Viet and Hoffmann 2021):

e Enabling: an enabling environment (e.g., non-punitive co-regulation,

support by local authorities)
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e Capacity: provide repeated training and low-cost equipment
e Motivating: incentives for behaviour change (scoring system based
on practices, awards for successful participation, etc.).

The three core components with examples of implementation activities
are summarised in Table 2 and illustrated in Figures 2 and 3.

Paper Il evaluated two interventions implemented at slaughterhouses. The
‘Technique’ intervention combined stakeholder engagement, infrastructure
upgrades, and hygiene training. These activities focused on strengthening
slaughterhouse management, improving awareness of food safety risks, and
providing practical guidance on hygienic slaughtering procedures. The
‘Incentive’ intervention introduced a performance-based inspection
programme to motivate workers to adopt safer practices. During the
intervention period, slaughterhouse workers were periodically assessed on
hygiene performance, and financial rewards were provided to those meeting
predefined performance scores. The inspection programme was conducted
twice in each selected slaughterhouse before endline sampling. There was no
follow-up inspection after the study.

In Paper 111, all pork vendors were invited to attend food safety training
which was delivered after baseline data collection. Study vendors in
intervention markets were subsequently exposed to two components. First,
market-level intervention included all study vendors who attended food
safety training. Vendors were opted into a voluntary inspection and
disclosure programme (inspection programme), with repeated unannounced
inspections to reinforce compliance. Second, study vendors were randomised
through a public lottery to receive a hygiene equipment package designed to
facilitate safer practices after the training (individual-level intervention).
Among the study vendors in intervention markets, 85% (277/324) attended
the training and 75% (242/324) enrolled in the inspection programme.
Consumers in intervention markets were informed about the inspection
system through an awareness campaign that included distribution of
promotional materials whilst shopping.
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Figure 2: Intervention package at pig slaughterhouses with arrows pointing to describing
components in Table 3

Figure 3: Intervention package at pork stall in market with arrows pointing to describing
components in Table 3
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Table 2. Interventions following Enabling - Capacity — Motivating (ECM) approach at
traditional pig slaughterhouses and markets

ECM Slaughterhouses Markets
Support from local authority | Support from local authority through
Enabling | through inclusion of logo into | their inclusion in study design and
slaughterhouse’s signage (2a) | data collection progress
Training in hygiene practice | Training in hygiene practice for pork
for slaughterhouse workers | vendors and provision of low-cost
Capaci and provision of low-cost | equipment, e.g. cutting boards (3a),
pacity equipment: posters (2b) and | water container with spigot and
stainless-steel grid (2c¢) to | soap/disinfectant (3b), easy-to-clean
avoid slaughtering on floor surface to cover wooden table (3¢)
Inspection programme with | Inspection = programme,  scores
Motivating | prizes, scores  disclosed | disclosed publicly on signs (3d)
publicly on signs (2d)

The labels 2a-2d and 3a-3d indicate specific
Figures 2 and 3, respectively.

intervention components illustrated in

3.5. Participants recruitment and randomisation

In Papers I and I1I, eligible markets contained more than eight pork vendors,
operated daily, had access to fresh water (required for handwashing), and
were located within a two-hour drive of a local laboratory that performed
microbial analyses. From 68 eligible markets, study markets were randomly
assigned to intervention or control status with equal probability, stratified by
province. Within each selected market, study vendors were randomly
sampled from a census list of eligible pork vendors. Up to 10 vendors were
selected in intervention markets and up to 5 in control markets. If a selected
vendor refused to participate, replacements were drawn from a randomly
ordered back-up list. All participants were required to be at least 18 years of
age and provide informed consent. Consumers were recruited during market
operating hours by trained enumerators stationed near the pork section.
Enumerators approached consumers as they exited the area and invited them
to participate in the survey.

In Paper I, eligible slaughterhouses were required to meet the following
criteria: (i) slaughtered 630 pigs per day; (ii) were under the management
of the Sub-Department of Animal Health; and (iii) the owner agreed to
participate and comply with study procedures. Sixteen slaughterhouses were
selected. Randomisation was implemented for the ‘Technique’ intervention.
The ‘Incentive’ intervention was conducted in all slaughterhouses in two
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purposively selected provinces to facilitate logistical arrangements and
monitoring.

3.6. Data collection and outcome measures

In Papers I and I11, each study vendor underwent data collection, as illustrated
in Figure 4. Discreet observations were first conducted to assess routine
hygiene practices during selling for 10 minutes. A structured vendor
questionnaire on food safety knowledge, attitudes, practices, market
conditions, and business characteristics was captured, whilst cut pork and
cutting-board swabs were collected in parallel. Lastly, a 30-minute direct
observation recorded the frequency of hygiene behaviours using standardised
criteria. Consumer surveys were conducted separately to collect information
on purchasing decisions, vendor selection, and perceived food safety risks.

Market list

(provided by local authorities)
l Phone survey

Eligible markets

(90 markets)
1 Vendor census

68 markets

Andomim\
selection

Treatment Control
34 markets 34 markets
10 vendors/market 5 vendors/market

Rr———

Training
(all pork vendors at market)
[ ]

Discreet observation
(10 minutes)

Vendor survey

Equip & Supervise
(5 from 10 baseline vendors) . . < 2
Microbiologial sampling
Inspection Coune (Cut pork & cutting board swab)
programme campaign Direct observation

(30 minutes)

Consumer survey

_-

Figure 4. Design of intervention and data collection at traditional markets
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In Paper II, 96 carcass swabs, 64 worker hand swabs, along with 96
structured observations was collected at both baseline and endline. Hand and
carcass swabs were analysed for TBC, total coliforms, and E. coli, whilst
carcass samples were additionally tested for Sa/monella spp. At baseline and
endline, hygiene practices were assessed throughout the slaughtering process
(approximately 4 — 5 hours) using a standardised observation checklist
(Appendix 1) covering operational characteristics and 16 hygiene-related
practices. After reliability testing using Cronbach’s alpha, eight indicators
were retained to construct the final practice score used in the analysis. For
the inspection programme, participants were observed by a research team for
at least 30 minutes and evaluated on 9 hygiene indicators, earning 1 point for
each correct practice. Those who scored at least 7 points received a cash
reward of 200,000 VND (~USD 7.6), with results posted on a public board
at the facility. Figure 5 presents the study design and data collection.

Slaughterhouse list
(provided by local authorities)

l Scoping visits

Eligible SHs

AndomizN
selection

Technique No technique

intervention intervention
8 SHs 8 SHs

Enabling

Capacity: Equip & training

e e e

No Incentive

intervention
4 SHs

intervention

No Incentive
4 SHs

Motivating: Motivating:
Inspection programme Inspection programme

Figure 5. Design of intervention and data collection at slaughterhouses (SHs)
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The main outcomes for each paper, along with their operational
definitions and measurement scales, are summarised in Table 3.

Table 3. Definition and measurement of study outcomes in the three papers

Outcome

Measurement

Papers I and I1I

Salmonella on cut pork

Binary on prevalence, continuous in modelling

TBC on cut pork

logio CFU/g

TBC on cutting boards

logio CFU/cm?

Vendor knowledge

Total points for five questions. Binary
(correct/incorrect) or the proportion of correctly
selected options relative to the total number of
pre-defined correct options was given for each
question. Points ranged from 0 to 5

Vendor perception

Count of factors that vendors believed motivated
consumers to choose a particular vendor in the
market such as a clean stall, a clean vendor, and/or
safe food

Vendor hardware score

Total points for possessing necessary equipment,
ranged from 0 to 4

Vendor action score

Total points for five actions, each correct action
received 1 point, points ranged from 0 to 5

Vendor inspection score

Five-point scale combining features of the action
and hardware scores. Scores for vendors who
participated in the inspection programme were
posted on their signage at stalls

Vendor monthly profits

Based on today’s revenue minus pork costs,
multiplied by number of days per week selling
pork based on previous week and multiplied by
the number of weeks per month, minus monthly
costs

Consumer risk perception

Consumers’ response to vendor selection due to
cleanliness, food safety, or high inspection score
and their perceptions about food safety risks

Paper 11

TBC on pig carcass

logio CFU/cm?

Salmonella on pig carcass

Binary

Coliforms and E. coli on pig
carcasses

logio CFU/cm?

Coliforms and E. coli on hands

logio CFU/hand

Worker practice score

Total points for eight actions, each correct practice
received 1 point, points ranged from 0 to 8
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Qualitative data in study 2 were collected through semi-structured
interviews (around 60 minutes each) with slaughterhouse workers, pork
vendors, consumers, market managers, and animal and public health staff in
selected traditional markets. Interview guides were developed to explore
perceptions of safe pork, food safety practices, barriers to hygiene
compliance, regulatory awareness, and gender roles.

3.7. Laboratory analysis

Detection of Salmonella spp. followed ISO 6579-1:2017. TBC was
determined according to ISO 4833-2:2013, whereas total coliforms and E.
coli were analysed using TCVN 13875:2023. All samples were analysed in
the respective provincial laboratories using standardised protocols. The
research team conducted regular checks and confirmations with the
laboratories throughout the analysis period to ensure quality control.

3.8. Data management and statistical analysis

The initial study designs for the two studies were pre-registered on
AsPredicted (ID: 183149) and AEA RCT Registry (ID: AEARCTR-
0012244). Survey data in Papers I and III were collected electronically using
Open Data Kit (ODK) and analysed using RStudio (R Core Team 2021) and
Stata (StataCorp, College Station, TX, USA). In Paper II, observational data
were collected using paper-based forms, double-entered into Excel,
subjected to two rounds of random verification checks to ensure accuracy,
and analysed using RStudio. Descriptive statistics were calculated in all
papers, including percentages for categorical data and means, standard
deviations, ranges, min - max for quantitative data. In Papers II and III,
intervention effects were analysed under an intention-to-treat principle,
based on original assignment. Statistical significance was set at a p-value <
0.05.

Additionally, Paper I used linear and generalised linear mixed-effects
models to identify risk factors for TBC and Salmonella prevalence.
Following that, in Paper III, post-intervention outcomes were analysed using
linear regression models (linear probability model for Salmonella). Baseline
values of the outcome variable were included to improve precision, selected
using post-double-selection LASSO (Belloni et al. 2014). Province was
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included as a fixed effect. Standard errors were clustered at the market level
to account for intra-market correlation. For microbiological outcomes,
sampling time and ambient temperature were additionally controlled.
Outcomes in this paper are presented in three comparison levels (Table 4).
Additional analyses to compare regional and environment effects to TBC
level were added using linear regression.

Table 4. Treatment comparisons for market- and individual- level interventions

Term Definition Comparison
Effect of being in a treatment
Market-level market through the market- Vendors in treatment markets
intervention level activities (e.g. training vs. vendors in control markets

and inspection programme)

Additional effect of receiving | Vendors assigned to receive
equipment within treatment | equipment vs. vendors who
market were not in treatment markets

Individual-level
intervention

Vendors assigned to receive
equipment vs. vendors in
control markets

Effect of receiving both level-

Combined effect | . . >
interventions relative to control

For Paper II, microbiological outcomes and practice scores were first
compared across intervention groups using ANOVA, chi-square, or Fisher’s
exact tests, and paired t-tests as appropriate. The effectiveness of ‘Technique’
and ‘Incentive’ interventions was assumed to influence microbial
contamination of carcasses indirectly through workers’ practices. Mixed-
effects models were used to examine associations of microbial contamination
and hygiene practices with the explanatory variables. Confounding factors
(temperature and slaughterhouse operation) and survey round were included
in both univariable and multivariable analyses, whilst intervening factor
(bacterial contamination in workers’ hands) was excluded from all analyses.
Slaughterhouse and provincial were set as random factors.

The qualitative interviews were analysed using thematic analysis to
identify and interpret recurring patterns in the data. All interviews were
conducted in Vietnamese, audio-recorded with consent, and transcribed for
analysis. The transcripts were initially reviewed twice to allow
familiarisation with the data and to identify relevant quotations. Keywords
were subsequently identified and the data were coded using the software
MAXQDA version 24.8.0 (VERBI Software 2024). These codes were
organised into preliminary themes and then reviewed and refined to ensure

40



that they accurately represented the data. The final themes included local
perceptions of safe pork, normal food handling practices, structural and
institutional barriers to food safety, and gendered roles within the pork supply
chain. At this stage, the qualitative data presented in this thesis were analysed
by the first author. The analysis will be further reviewed and refined by the
research team to provide a more in-depth analysis in a future manuscript.

3.9. Ethical considerations

The Institutional Review Board of Hanoi University of Public Health
approved all aspects of the project (Decision number: 458/2022/YTCC-
HD3).

Voluntary participation and anonymity

Written (for Papers I and III) or verbal informed consent (Paper II) was
obtained from each participant prior to enrolment. All participants received
clear information regarding the study objectives, procedures, types of data
collected (including observation and microbiological sampling), and were
informed that they could withdraw from the study at any time without facing
any consequences. All collected information was handled confidentially.
Individual identifiers were removed during data management, and the results
are presented in an aggregated form to prevent identification of specific
individuals, slaughterhouses, or vendors.

Compensation

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

Potential risks and risk mitigation

The study was assessed as involving minimal risk. Identified risks were
primarily social or reputational rather than physical, and appropriate
mitigation strategies were implemented throughout fieldwork.

First, participation in the vendor inspection programme could potentially
affect vendors’ reputation or income if results were perceived negatively. In
some cases, stars stuck on to the signage used to publicly display inspection
results were stolen by other vendors who questioned the fairness of the
assessments. To mitigate reputational risks and reduce conflict, results were
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communicated carefully and transparently in the presence of the market
manager. The assessment criteria and procedures were openly explained to
ensure procedural clarity and fairness.

Second, tensions arose in instances where vendors selected to receive
equipment through the lottery did not attend the required training sessions.
In accordance with the predefined protocol, no redraw was conducted, and
equipment packages were not distributed to those vendors. The research team
explained the rationale to both vendors and market managers to ensure
transparency and minimise perceptions of unfairness.

Lastly, there was a minor risk of discomfort during the hygiene practice
observations, as participants may feel scrutinised. This was addressed during
the informed consent process, where the full study procedures were clearly
explained. Participants were informed that data would be treated
confidentially and not disclosed at the individual level. During fieldwork,
observers maintained a neutral and non-judgmental presence to minimise
potential discomfort.
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4. Results and discussion

4.1. Baseline situation in traditional pork supply chains

4.1.1 Contamination and practices at traditional markets (Paper I)

Across 64 traditional markets, the overall Salmonella prevalence in pork was
64.4%, comparable to reports from China, Thailand, and the Laos—Thailand
border (Chen et al. 2021; Patchanee et al. 2016; Meunsene et al. 2021), but
higher than findings from Cambodia (Rortana et al. 2021). The high
Salmonella prevalence observed in this study reflects a consistent increasing
trend reported in Vietnam throughout the past two decades, rising from
approximately 40% between 2007 and 2015 (Takeshi et al. 2009; Thai et al.
2012) to over 60% during 2018 -2021 (Dang-Xuan et al. 2019; Nhung et al.
2018; Ngo et al. 2021; Vu et al. 2021). This upward trend underscores the
persistent and possibly worsening burden of Salmonella contamination in
traditional pork supply chains. Mean TBC was 6.4 logio CFU/g in pork and
6.9 logio CFU/cm? on cutting boards, and nearly 70% of pork samples
exceeded Vietnam’s permitted TBC limits for fresh meat. Both Salmonella
prevalence and TBC level were significantly higher in the Southern
compared to the Northern provinces'.

In line with studies from other LMIC (Wallace et al. 2022), vendors
demonstrated limited food safety knowledge (mean score 1.4/5),
misconceptions about hygiene, and a minimal awareness of cross-
contamination or disinfection. Vendors generally perceived the pork that
they personally sold to carry a lower risk compared to others. Infrastructure
was inadequate, with limited handwashing facilities and an extreme lack of
disinfectant use. Observations confirmed that workers’ hands or equipment
were rarely cleaned during sales. Knowledge and equipment were positively
associated with practice, and trained vendors demonstrated better practices
despite similar knowledge scores. Overall, both knowledge gaps and
structural limitations contribute to persistent retail-level food safety risks,

! Baseline TBC and Salmonella results in Thua Thien Hue (a central province) were excluded from all analyses
in this paper due to inconsistencies in laboratory procedures compared with other provinces. In Paper III, only
endline Salmonella results were included.
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highlighting the need for integrated education and infrastructure
improvements.

4.1.2 Qualitative insights on determinants of market practices

Figure 6 presents a visual synthesis of the thematic relationships identified
in the analysis. The findings show that food safety practices in traditional
pork markets are shaped by the interaction of regulatory arrangements, local
constructions of “safe pork,” structural and operational constraints, and
gendered roles. Together, these interconnected factors contribute to a
persistent gap between formal standards and day-to-day implementation.

Local construction of “safe pork™”
(Perceptions and meanings)

1

Knowledge and operational

capacity constraints \ 1{dirECﬂyshapes behaviour)

Food safety practice Implications for

]
]
]
]
]
i
:
I
Structural & spatial barriers ———————» . .
2 (What people do) 1 interventions
]
]
i
i
]
]
i
i
]
]
]
]

Gender roles / I

Governance gaps

T (fragmented transmission)

Formal food safety system

Figure 6. Thematic relationships shaping food safety practices in traditional markets

Local constructions of “safe pork”™

Pork was confirmed as the most consumed ASF due to its versatility, taste,
and ease of preparation. Food safety was locally defined through freshness,
trust, and visibility rather than formal hygiene standards. Consumers
preferred buying pork from familiar vendors. Purchasing decisions were
primarily guided by sensory cues, with meat colour viewed as the key
indicator of freshness and safety, alongside smell, dryness, elasticity, and
signs of recent slaughter. These norms are similar to findings from previous
studies, indicating a rooted habit culture among the population (Nguyen-
Viet, Dang-Xuan, et al. 2019). In addition, there was a general belief that
unsafe pork predominantly originates at the farm level (diseased pigs), and
pork possesses a low risk because it’s sold within a short duration of 7 — 8
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hours after slaughter. This echoes previous findings that consumers often
underestimate the risks associated with handling and retail environments,
particularly microbial contamination (Cook and Phuc 2019; Le et al. 2022).

Knowledge and operational capacity constraints

Daily food safety practices were further constrained by time pressure, selling
volume, and experience-based knowledge. Hygiene was harder to maintain
during peak selling hours, especially for high-volume vendors. Training for
pork vendors was largely absent, which usually results in poor knowledge
and practice (Teym et al. 2025; Al Banna et al. 2021; Kulpiisova et al. 2025;
Huynh-Van et al. 2022). Moreover, when training did occur, it was delivered
to large groups and perceived as ineffective. Certain vendors and
slaughterhouse workers did not see training as necessary, viewing their work
as simple manual labour learned through experience. Vendors believed that
consumers did not understand food safety signage. Consumers could not
observe routine hygiene practices, and inspection systems were distrusted
due to inconsistent compliance. Isanovic et al. (2022) explained how this
mistrust causes consumer to predominantly rely on familiar vendors as a key
mechanism for managing uncertainty rather than formal food safety
indicators.

“Vendors are already accustomed to traditional ways of doing business. Besides,
frankly, when they do it this way, their awareness of food safety isn't very deep or
comprehensive. They attend training sessions enthusiastically and do understand
the content, but when it comes to implementation, it is difficult due to time
constraints, it takes up too much of their time.” (Vendor, CT08)

Structural & spatial barriers

Markets had inadequate facilities, including poor drainage, dark areas, old
stalls, and limited water access, despite the basic hygiene standards set by
national regulation (MOIT 2017). Vendors renting stalls were unwilling to
invest in infrastructure, viewing this as the responsibility of market
authorities. The chaotic market layout had led to many vendors selling
outside official stalls, particularly near entrances. These informal stalls fell
outside regulatory oversight, rendering food safety and meat origin difficult
to control, but attracting customers due to lower prices and convenience. This
aligns with the theory that both vendors and consumers adapt to market
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environments in ways that prioritise accessibility and economic efficiency
over formal market layouts (Wertheim-Heck et al. 2015).

“After Covid, people rented stalls along the area outside markets. They set up
stalls on both sides to sell their goods, so they refused to go inside. That's
convenient for consumers. They moved outside for convenience. Now, how can
we get them to come back in? It's very difficult.” (Animal health staff, CT09)

“The market is so cramped and there are no proper entrances or exits, so people
are hesitant to go in and buy it on the street instead.” (Vendor, TN04)

Gender roles

Women dominated retail pork selling and customer interaction, emphasising
communication and stall presentation, but had less access to training due to
caregiving responsibilities. Men were more likely to receive training and
hold managerial roles. These gendered patterns are consistent with earlier
findings in the pig supply chain in Vietnam (Nguyen-Thi-Duong et al. 2022)
and shape access to knowledge, authority, and responsibility across the
supply chain. From these findings, the strategy for training material and
training curriculum during the interventions has been carefully designed to
include both man and women, considering their different roles and
constraints, and promoting a shared responsibility for food safety.

Governance gaps

Food safety oversight was limited by staff shortages, fragmented mandates,
weak enforcement, and unclear penalties. Monitoring was inconsistent,
inspections infrequent, and test results rarely communicated. Vendors
reported that formal requirements (e.g., health checks and health certificates)
were not actively enforced. Formal standards existed on paper but were
weakly embedded in daily market practice. Regulatory overlap and unclear
accountability, issues that have been previously documented (Pham and Dinh
2020; USDA 2020), were evident in this study and enabled the continued
circumvention of rules.

“There are many regulations that are not consistent across sectors. For example,
vendors offering on-site dining (with tables or seating) fall under the management
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of the health sector, while those selling for take-away are managed by the
economic sector. This overlap exists in some business types, and the lack of clear
classification allows vendors to exploit these gaps to circumvent food safety
requirements.” (Human health staff, DN03)

“There are also some regulations that lack specific guidance on how violations
should be penalised. For example, health check requirements may stipulate that
vendors must not have infectious diseases, but there is no clear guidance on how
violations should be sanctioned. Even when penalties are mentioned, the level of
punishment is not specified. Without such guidance, it is difficult to impose
penalties on violators.” (Human health staff, DN03)

Food safety practices

To meet consumer expectations of freshness, vendors prioritised visual
quality. The lack of cold storage together with the high temperatures and
humidity in tropical areas (Gligor et al. 2018; Dang-Xuan et al. 2019) causes
pork to leak water, therefore vendors have to use cloths or cardboard to
absorb the liquid and maintain its colour. Whilst some respondents
mentioned potential chemical risks associated with these materials, no clear
regulations or evidence were identified, and the practices were widely
accepted by consumers, particularly when trust in the vendor was strong.

Hygiene practices were shaped by shared market norms rather than formal
standards, with infrequent washing considered acceptable and disinfectant
use viewed cautiously due to fears of altering meat colour. Stall-level
contamination was viewed as unavoidable, with safety responsibility largely
shifted to consumers through washing and cooking at home, reflecting
limited concern for microbial risks and a focus on visible cleanliness
(Nguyen-Viet, Dang-Xuan, et al. 2019; Ha et al. 2019a). This shift of
responsibility highlights the need to strengthen consumer knowledge and
awareness of food safety risks, as an increased demand for safer products
may incentivise actors along the supply chain to adopt improved practices
(FAO and WHO 2003; Isanovic et al. 2022).

“When pork is slaughtered and displayed for sale, it's unavoidable that it will be
contaminated with bacteria. Flies and gnats will inevitably land on it. People who
buy it will wash it thoroughly before cooking.” (Vendor, TN06)
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The high levels of microbial contamination observed in pork at traditional
markets likely reflect a combination of poor hygiene practices at the retail
level and contamination originating from earlier stages of the supply chain.
This raised the question of the extent to which upstream stages, particularly
slaughterhouses, contribute to the microbial contamination observed at
markets.

4.1.3 Hygiene conditions at pig slaughterhouses (Paper Il)

At the slaughterhouses, mean TBC on pig carcasses was 5.4 logijo CFU/cm?,
approximately one log higher than Ngo et al. (2023) reported, and similar to
the levels observed by Nguyen-Viet et al. (2019) in comparable Vietnamese
slaughterhouse settings. TBC on workers’ hands were statistically higher,
with a mean of 7.1 logio CFU/hand, consistent with findings from Ngo et al.
(2023). There were 20.8% and 6.3% of carcass samples with exceeded
permissible limits for TBC and E. coli according to national fresh meat
standards (MOET 2019), respectively. Salmonella prevalence was 37.5%,
similar to national surveillance data in Vietnam (34.7%) (National Centre for
Veterinary Diagnosis No. I 2025). Across samples, TBC, coliforms, and F.
coli concentrations were significantly higher on workers’ hands than on
carcasses, underscoring the central role of hand hygiene in carcass
contamination pathways (Duggan et al. 2010).

Workers' hygiene practices were generally poor, with a mean score of
2.74£2.0 out of 8. Workers in the South received substantially higher scores
(5.5) compared to the Central (1.6) and Northern regions (1.8). Practices of
restricting movement between dirty (bleeding/scalding) and clean
(evisceration) areas and washing boots and hands with soap or disinfectant
before slaughter were not observed in any slaughterhouse. The lack of these
practices have been documented in other provinces (Yokozawa et al. 2016).
In contrast, simpler or more visible practices, including bleeding pigs on
elevated tables and prohibiting smoking or eating during slaughter
operations, were reported in around 80% of facilities, similar to findings from
Ngo, Dang-Xuan, Malqvist, Nguyen-Thanh, et al. (2023). Of the 16
slaughterhouses, 11 used water from a tank to rinse carcasses and equipment.
Such water is often reused and poorly controlled, allowing organic material
and microorganisms to accumulate which increases the risk of faecal
contamination of carcasses and equipment (Le Bas et al. 2008). Overall, these
findings indicate that although some basic procedural norms were adopted,
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the absence of key biosecurity and cross-contamination control measures
likely contributed to the high levels of bacterial contamination observed,
underlining the need for strengthened hygiene control in slaughterhouses.

4.2. Effects of the interventions at slaughterhouses
(Paper Il)

Hygiene practice scores improved from baseline to endline, accompanied by
reductions in TBC, coliforms, and E. coli, although effects varied by
intervention type. However, Salmonella prevalence remained unchanged,
likely because score improvements were largely driven by increased water-
based washing, which is insufficient for eliminating persistent pathogens on
equipment, and critical cross-contaminated practices, such as handling
viscera in the same area as carcass splitting, did not improve (Delhalle et al.
2008; Burton et al. 2011; van Hoek et al. 2012). Saenkankam et al. (2025)
reported that insufficient hand hygiene during processing can sustain
contamination even when other control measures such as HACCP are
applied. The ‘Technique’ intervention was associated with more consistent
improvements in hygiene practices and reductions in faecal indicator
organisms on carcasses and workers’ hands, which is in line with a previous
study (Zewude et al. 2025) and suggests that skills-based training can
produce relatively stable behavioural change. In contrast, the ‘Incentive’
intervention demonstrated short-term improvements, particularly in TBC,
and effects diminished at endline when financial rewards were no longer
provided. Improvements were also observed in some non-intervention
slaughterhouses, likely reflecting the Hawthorne effect during study
activities (Lewis-Beck et al. 2004).

Different microbial outcomes were associated with distinct hygiene
practices and were further influenced by infrastructural conditions,
slaughterhouse operations, workforce capacity, and environmental factors, at
times in opposing directions. Variation in TBC and practice scores was
largely attributable to differences at slaughterhouse and provincial levels,
whereas Salmonella and coliforms contamination predominantly varied at
the individual sample level. These patterns highlight the multi-level nature
of contamination risks and help to explain why behavioural improvements
alone did not consistently translate into reductions in pathogen prevalence.
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A limitation in this study was the lack of quality assessment for the water
used during slaughter operations. Previous studies have shown that carcasses
can become more contaminated after washing when the water itself is
microbiologically unsafe (Bello et al. 2011). The absence of water quality
monitoring makes it difficult to determine whether washing practices
effectively reduce contamination or inadvertently contribute to pathogen
spread.

4.3. Impacts of the interventions on pork vendors (Paper

10

4.3.1. Effects on knowledge, perceptions, and practice

The market-level intervention was associated with significant improvements
in knowledge regarding viscera handling and causes of contamination,
increasing the overall knowledge score by approximately 15% relative to
control vendors at the endline. This likely reflects the direct effect of the
training and inspection activities delivered at the market level. Previous
studies have similarly shown that targeted food safety training can improve
vendors’ knowledge of hygiene practices and contamination risks,
particularly when training focuses on practical handling procedures relevant
to daily work (Maung et al. 2017; Lillquist et al. 2005; Nik Husain et al.
2016). The individual-level intervention solely improved knowledge on
appropriate display surfaces. Vendors who received equipment were
provided with easy-to-clean surfaces that could be used immediately, which
likely reinforced awareness of this practice without requiring major
behavioural changes.

The combined intervention demonstrated improvements in four of the
five knowledge topics, except handwashing. The lack of improvement in
handwashing knowledge may reflect structural and behavioural constraints
identified in the qualitative findings. Vendors noted limited time during busy
selling periods and concern that stopping to their wash hands could delay
service and cause customers to move to other stalls. Weak consumer
expectations for hand hygiene may also reinforce norms where handwashing
during sales is not considered necessary, a barrier which has been reported
in other informal food retail settings (Green et al. 2007).
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Despite the total knowledge score in the combined effects increasing by
approximately 21% compared with control vendors, overall knowledge
levels remained limited across all groups at the endline, with most vendors
answering only two out of five questions correctly. This suggests that short-
term training interventions alone may not be sufficient to substantially
improve food safety knowledge in traditional market settings. Sustained
behaviour change may require repeated training, supportive infrastructure,
and stronger incentives from both regulatory systems and consumer demand.

Whilst adequate food safety knowledge of the food handlers failed to be
translated into practice in some cases (Lee et al. 2017; Abdullah Sani and
Siow 2014), this intervention was successful in improving food safety
perceptions, hardware scores, action scores, and inspection scores in treated
vendors. Vendors’ perceptions that consumers value food safety when
deciding where to purchase pork increased in the market-level intervention.
Hardware scores improved in both treatment groups, including among
vendors who did not receive equipment, which implies that some vendors
acquired equipment independently following the intervention. In contrast,
improvements in vendor action scores were predominantly driven by the
market-level intervention. The additional effect of providing equipment was
smaller and not statistically significant, indicating that changes in practice
were primarily associated with the market-level activities rather than the
provision of equipment alone. The inspection scores to display in signage,
which included elements of both action and hardware scores, improved at all
levels and were positively associated with knowledge scores.

4.3.2. Changes in microbiological contamination

Although the intervention improved vendor knowledge, practices, and the
availability of food safety equipment, these changes did not translate into
reductions in bacterial contamination. Microbiological indicators, including
the presence of Salmonella in pork samples, remained high following the
intervention (Table 5).
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Table 5. Microbiological contamination in pork and cutting boards at markets before and
after interventions

Tndicat Control Treatment Overall
ndadi r

cato BL EL BL EL BL EL
Salmonella E;lsrﬂ’g of 81 124 174 122 | 255 246
incutpork | 5 0 | GOD | (743) | (672) | (758) | (644) | (75.0)
gfrg I(Illocg“t mean (sd) 62 | 69 | 64 | 68 6.4 6.9

10
CFU/g) 12 | ©7n | 10 | 07 | 1.1 | 0.7
gljgc s CIE rmean (sd) 6.8 6.7 7.0 6.7 6.9 6.7
10

CFUfem?) 0.9 | 0.7) | 0.8) | 0.8 | 0.9 | (0.7)

BL: Baseline. EL: Endline. TBC: Total Bacteria Count. sd: Standard Deviation. CB:
Cutting Board.

However, an additional analysis stratified by region indicated that
intervention effects on TBC in cut pork were observed in the North. Figure
7 shows that in northern markets the intervention had little effect when
baseline contamination was below about 5.5 logi;o CFU/g, but produced
larger reductions as baseline contamination increased, reaching an
approximate 1 logio CFU/g reduction at the upper end of the baseline range.
This suggests that when contamination levels are already relatively low, it
becomes difficult for an intervention to further reduce them. This type of
pattern is consistent with epidemiological evidence that the absolute benefit
of an intervention often increases with a higher baseline risk (Irwig et al.
2008; de Moel-Mandel 2022). In Paper 1, temperature was found to be a
strong risk factor for TBC contamination. Whilst baseline samples in the
North were collected in winter (9 — 24°C), and endline samples in summer
(23 — 34°C), the observed reductions in spite of this seasonal shift therefore
support the effectiveness of the intervention in northern markets. In contrast,
no clear intervention effect was observed in the South, suggesting that
baseline contamination alone does not determine treatment effectiveness.
Regional differences in implementation, market practices, or contamination
sources along the supply chain may have restricted the impact of the
intervention in southern markets.
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Figure 7. Treatment effects on total bacteria count in cut pork across baseline
contamination levels by northern (left) and southern (right) markets.

4.3.3. Impacts to business outcomes

The market-level intervention had a positive impact on vendor revenue,
which was predominantly driven by increased sale volumes. Vendors in
treatment markets appeared to sell more pork and increased their daily
expenditure on stock, whilst pork prices remained static. However, clear
changes in cleaning costs, daily net revenue, or monthly profits were not
observed. Although the intervention did not lead to a statistically significant
increase in monthly profits, the estimates are imprecise and vary
considerably across vendors, meaning that positive effects on profits cannot
be ruled out. The increase in sales among treated vendors may reflect a shift
in market share toward vendors participating in the intervention. Similar
effects have been observed when food safety information is disclosed to
consumers, leading them to transition toward vendors with better hygiene
scorings rather than changes in prices (Jin and Leslie 2003).

4.4. Effects of the interventions on pork consumers
(Paper Ill)

Consumers in treatment markets were more likely to report having received
information on safe pork and to perceive lower food safety risks associated
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with pork sold at the market than those in control markets. Among consumers
whose purchases could be matched with study vendors, those in treatment
markets were also more likely to buy from vendors with higher food safety
scores. However, the intervention did not affect the quantity or value of
purchased pork, nor did it lead consumers to shift purchases across markets
or toward alternative protein sources.

Several factors may explain why the scoring system had only a minor
influence on consumer behaviour. First, consumers often relied on visible
indicators of cleanliness rather than formal scorings, as seen in the findings
from the qualitative results. Second, long-standing relationships between
vendors and customers reinforced habitual purchasing patterns, reducing
incentives to compare vendors based on formal scores. Similar patterns have
been reported in previous studies in Vietnam (Ha et al. 2019b; Wertheim-
Heck et al. 2014). Third, the effectiveness of scoring systems depends on
public trust in the institutions producing them. In contexts where corruption
or bribery in food safety inspection is thought to occur, official scorings may
lose credibility and have limited influence on consumer behaviour (Van Hoi
et al. 2009; UNODC 2023). Moreover, consumers and vendors in traditional
markets may be less accustomed to using formal scoring systems or
aggregated reviews when making purchasing decisions. Limited
understanding of foodborne risks among consumers may also reduce the
demand for safer handling practices (Le et al. 2022). In this context, the
intervention appears to have influenced perceptions and vendor choice to
some extent by making food safety improvements more visible in treatment
markets. However, changing deeply embedded purchasing routines and
beliefs about food safety will likely require repeated and longer-term
engagement. Strengthening communication strategies that increase
consumer awareness and demand for safer pork may therefore be necessary
to reinforce incentives for vendors.

4.5. One Health perspective

The findings of this thesis highlight the importance of a One Health
perspective for addressing food safety risks in small-scale pork supply
chains. Persistent contamination with pathogens such as Salmonella
represents a direct pathway for zoonotic transmission from animals to
humans through pork consumption. The interventions examined in this thesis
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targeted key stages of the pork supply chain and involved multiple actors,
including slaughterhouse workers, market managers, market vendors,
consumers, and local authorities responsible for food safety management. By
engaging stakeholders at different levels of the supply chain and governance
system, the interventions were able to demonstrate the potential for
coordinated actions to improve food safety in traditional food systems.

A limitation is that microbiological results from slaughterhouses could
not be directly linked to specific markets supplying pork to those locations
due to logistical, resource, and time constraints. However, random sampling
and a relatively large sample size ensured regional representativeness. The
findings suggest a general increase in microbial contamination from
slaughterhouses to markets, indicating bacterial growth and cross-
contamination along the supply chain. Transportation practices, which the
interventions did not address, may represent an important source of
contamination, as pork is commonly transported without temperature control
or adequate hygiene in traditional supply chains in Vietnam (Dang-Xuan et
al. 2016; Ting et al. 2023). In addition, although environmental factors such
as temperature and humidity were considered, water quality, which
constitutes an important potential source of contamination during carcass
washing and handling, was not assessed. These gaps limit the ability to fully
identify contamination pathways along the supply chain and should therefore
be addressed in future studies.

Moreover, the study demonstrates that intervention outcomes are strongly
shaped by structural and socio-economic conditions. In small-scale
slaughterhouses, behavioural improvements were often constrained by
infrastructural limitations such as water supply, facility layout, and workflow
organisation. These findings support previous reviews that highlight the need
for stronger regulatory frameworks, enforceable hygiene standards, and
institutional oversight in slaughterhouse operations. At the same time,
economic pressures, social norms, and market competition influenced the
adoption of hygiene practices among vendors and workers, indicating that
behavioural interventions may have a greater impact when combined with
supportive structural and policy measures (Grace 2015; Hossain et al. 2025).

A key strength of this thesis is the integration of microbiological
assessments, behavioural observations, intervention trials, and qualitative
analyses across different points of the pork supply chain. Direct observation
methods were used to assess hygiene practices, thereby addressing the
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limitations of self-reported behaviours that may be affected by social
desirability bias (Young et al. 2016). Furthermore, the inclusion of gender
considerations in training design and qualitative research helped to capture
the different roles that men and women perform during slaughtering, meat
handling, and market retail, and targeted the right actors for inclusion in
training. By combining quantitative and qualitative approaches, the study
provides policy-relevant evidence on how behavioural, environmental, and
institutional factors interact to influence food safety outcomes, emphasising
the need for integrated One Health strategies to sustainably reduce foodborne
risks in informal food systems.
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5. Conclusions

This thesis evaluated the effectiveness of interventions in improving pork
safety at pig slaughterhouses and traditional markets in Vietnam. A key
strength of this thesis is the use of rigorous experimental designs, including
a controlled trial at the slaughterhouse level and a randomised controlled trial
at the market level. This provides stronger causal evidence on intervention
effectiveness than much of the existing literature. This thesis also provides
new evidence from Vietnam regarding the implementation of inspection and
disclosure-based interventions across both slaughterhouses and markets,
including their economic impacts on vendors. The main conclusions that can
be drawn from the results presented in this thesis are as follows:

» The level of microbiological contamination (e.g. TBC, Salmonella)
remained high at both slaughterhouse and market levels, with patterns
suggesting potential amplification along the chain. The risks likely
originate upstream in the chain and are compounded by structural
constraints, including limited cold chain capacity, inadequate water
quality, and suboptimal hygiene infrastructure.

» Hygiene practices among actors at both stages were generally inadequate.
Food safety practices are embedded in local perceptions, trust-based
relationships, and structural constraints, indicating that interventions must
go beyond technical training and address socio-cultural norms and market
dynamics to achieve sustained behavioural change.

» At slaughterhouses, providing equipment and interactive training rapidly
improved workers’ hygiene practices. Incentive-based intervention led to
temporary improvements but requires continued follow-up to achieve
lasting effects. At markets, improved vendors’ food safety knowledge and
practices was seen to increase the volume of sales in response to this
intervention.

» Interventions can change actors’ behaviour and perceptions, but this does
not translate into reductions in microbiological contamination. Microbial
contamination appears to be influenced by multiple factors along the
chain, including slaughterhouse and market infrastructure, environmental
conditions, and social perspective.
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» Consumer awareness and risk perception showed limited responsiveness
to the intervention, and purchasing behaviour remained largely driven by
habit, price, and existing relationships rather than food safety
considerations. More intensive outreach to consumers than a light-touch
campaign conducted as part of the intervention is necessary to
meaningfully stimulate a demand for safer food.

This thesis built on a pilot study and advanced it by implementing
interventions designed for scalability from the outset. The technique
intervention was subsequently scaled up, whilst the incentive component
provided formative insights into implementation under field conditions.
Unlike many pilot interventions conducted under controlled conditions, this
research implemented and evaluated interventions across multiple provinces,
offering practical evidence on scalability, implementation challenges, and
context-dependent effectiveness. By moving beyond highly controlled pilot
settings, the thesis highlights the importance of multidisciplinary
collaboration and the additional capacities required to translate interventions
into real-world food systems at scale.

These findings are particularly timely in the context of ongoing food
safety governance reforms in Vietnam. As the revision of the Vietnam Food
Safety Law is currently under discussion, the evidence generated by this
thesis supports the transition towards more risk-based food safety
management approaches, focusing resources on high-risk stages of the
supply chain, such as slaughterhouses and traditional markets. The results
may also inform emerging institutional initiatives, including the
establishment of the Vietnam Center for Food Safety Risk Assessment
(under the National Institute for Food Control) and the Food Safety Technical
Working Group (under the One Health Partnership framework).
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6. Implications for policy, scalability, and
future adoption

The findings of this thesis indicate that sustainable improvements in food
safety require integrated strategies that combine behavioural interventions
with structural upgrades, regulatory enforcement, and control of
environmental contamination pathways within a One Health framework.

Whilst training and incentive-based interventions improved hygiene
practices, their effects were not sustained without continued reinforcement.
This highlights the need to embed follow-up assessments within routine
inspection systems and strengthen the capacity of local inspection
authorities. Combining regular inspections with public display of hygiene
ratings at market stalls could help to maintain improvements by encouraging
vendors to continue following good practices. To enhance long-term
adoption, future programmes should consider co-investment mechanisms, as
full external provision of equipment may limit ownership and sustainability.
Strengthening consumer demand for safer food is also critical. In the era of
digitalisation and widespread access to information, communication
strategies should focus on trusted channels such as local television, official
social media platforms, and market-based communication systems, whilst
also urging market managers to play a more active role. Integrating food
safety with nutrition education, particularly through schools, may further
support long-term behavioural change.

At the same time, public investment in infrastructure is essential.
Improving access to clean water and sanitation at market stalls and in
slaughterhouses should be prioritised in food safety policy, as behavioural
improvements alone are unlikely to reduce microbiological contamination.
Future interventions should also address contamination pathways between
slaughterhouses and markets, including transport conditions, disinfection
measures and water quality, which were not fully captured in this study.
Although changes in hygiene practices did not immediately translate into
reduced microbiological risk, they represent important intermediate
outcomes and should be considered alongside microbiological indicators
when evaluating intervention success. In resource-constrained settings, cost-
effective monitoring systems that combine observational assessments with
targeted microbiological testing are needed.
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To conclude, effective scale-up requires alignment with local institutional
capacity and governance systems. Clear communication of both intermediate
and long-term benefits to policymakers is important to support resource
allocation and policy adoption. Combining regulatory measures, market-
based incentives, and consumer engagement may help to create sustained
food safety improvements within traditional pork supply chains.
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Popular science summary

Foodborne diseases cause major health and economic problems around the
world, especially in low- and middle-income countries such as Vietnam.
Foods from animals account for about 35% of this disease burden. Many
consumers are concerned about chemical risks, such as the misuse of
additives and preservatives, which may lead to serious long-term health
effects such as cancer. However, research in Vietnam shows that the risk
from bacterial contamination is much higher and more immediate than
people often think. Recent food poisoning outbreaks show that bacteria are
responsible for hundreds of cases, with many people requiring hospital care.
One study estimated that about 1-2 out of 10 pork consumers in Vietnam
may be at risk of Salmonella infection each year.

Pork is one of the most consumed foods in Vietnam. Studies throughout
the past decade show high levels of bacterial contamination along the pork
supply chain. Slaughterhouses and traditional markets are key points where
contamination increases due to poor hygiene practices. In slaughterhouses,
pigs are often processed directly on the floor, without clean and dirty areas
being separated. In markets, vendors frequently use cardboard or cloth to
display meat, rarely wash their hands with soap, and often lack clean water
and disinfectants. These practices allow bacteria to grow and increase the
risk of cross-contamination between clean and contaminated products. These
problems are partly due to limited knowledge and practice among people
working along the pork supply chain, but they are also accepted because
consumers often do not demand high food safety standards. In addition, food
safety management faces challenges due to overlapping responsibilities
between government agencies and limited resources at the local level.

To address these issues, we carried out interventions to improve the
hygiene practices of slaughterhouse workers and market vendors, with the
goal of reducing bacterial contamination and protecting consumer health.
The interventions focused on three main approaches. First, we worked
closely with local authorities and market managers to involve them in the
design and implementation of the activities. They also helped to encourage,
monitor, and sustain better hygiene practices. Second, we improved
knowledge and skills through training and by providing simple, low-cost
equipment. The training addressed common misunderstandings, such as the
belief that cardboard or cloth is “good for meat,” when in fact it increases
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contamination risk. We also provided practical tools such as stainless-steel
grids to avoid slaughtering on the ground, easy-to-clean surfaces for
displaying meat, trays to separate different types of meat, disinfectants, and
handwashing containers with spigots. Third, we encouraged voluntary
behaviour change instead of relying on penalties. This was done through
visual communication and by publicly recognising good practices, for
example by scoring or star scoring systems. This helped vendors to see that
better hygiene could attract more customers and increase their income,
creating motivation for lasting change.

These simple and low-cost interventions clearly improved knowledge and
hygiene practices among slaughterhouse workers and vendors. However,
bacterial contamination in pork remained very high, demonstrating that
behaviour change alone is not enough to reduce risks to consumers. On
average, Salmonella was found in about 30% of samples at slaughterhouses
and up to 75% at traditional markets. The findings show that food safety does
not solely depend on those handling pork, but is influenced by many factors,
including infrastructure, environmental conditions, how the supply chain is
organised, and consumer habits. To achieve lasting improvements, more
comprehensive solutions are needed. These should combine better
infrastructure, stronger government management, and increased consumer
awareness to create demand and market pressure for safer food.

The thesis also shows that there is no single solution that works for all
locations. Interventions must be adapted to local conditions and involve local
authorities and other stakeholders. The evidence from this research can help
to inform policies and support the scaling up of effective interventions to
reduce foodborne disease in Vietnam.
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Popularvetenskaplig sammanfattning

Livsmedelsburna sjukdomar orsakar stora hilsoproblem och ekonomiska
forluster varlden Over, sérskilt 1 1ag- och medelinkomstlander som Vietnam.
Livsmedel fran djur utgér ungefér 35 procent av den totala sjukdomsbordan.
Manga konsumenter i Vietnam oroar sig for kemiska risker, till exempel
felaktig anvindning av tillsatser och konserveringsmedel, som kan ge
allvarliga langsiktiga effekter som cancer. Forskning i Vietnam visar dock
att risken att bli sjuk av bakterier i livsmedel dr betydligt stérre 4n ménga
tror. Utbrott av matforgiftningar orsakade av bakterier kan omfatta
hundratals sjukdomsfall, ddr ménga behover sjukhusvard. En studie
uppskattar att ungefér en till tva av tio personer, per ar, som ater griskott i
Vietnam riskerar att smittas av Salmonella bakterier

I Vietnam é&r griskott ett av de vanligaste livsmedlen. Studier fran det
senaste artiondet visar att forekomsten av bakterier dr hog léngs hela kedjan
fran produktion till konsumtion. Slakterier och traditionella marknader &r
sdrskilt kritiska punkter, dér smittspridningen ofta dr hdg péd grund av
bristande hygien. I slakterier hanteras djuren och slaktkroppar oftast direkt
pa golvet, utan att rena och orena omraden halls atskilda. P4 marknader ar
det vanligt att kott 14ggs pa kartong eller tyg, de som hanterar kott och pengar
tvittar sdllan hidnderna med tval och tillgdngen till rent vatten och
desinfektionsmedel dr begriansad. Sadana forhallanden gor att bakterier latt
sprids mellan olika ytor och produkter. Problemen beror delvis pé bristande
kunskap om livsmedelssékerhet hos dem som arbetar i kedjan, men ocksa pé
okunnighet hos konsumenterna. Dessutom fOrsvéras arbetet av att ansvaret
for livsmedelssdkerhet delas mellan flera myndigheter och att resurserna pa
lokal niva &r begrinsade.

For att forbittra situationen utvérderade vi olika atgérder for att minska
spridning av bakterier riktade till slakteriarbetare och forséljare pa
traditionella marknader. Malet var att minska bakterieforekomsten, inklusive
sjukdomsorsakande bakterier, och dirmed skydda konsumenternas hélsa.
Atgirderna byggde pa tre huvudprinciper. For det forsta samarbetade vi nira
med lokala myndigheter och marknadsansvariga, som deltog i planering och
genomforande samt bidrog till att folja upp och uppmuntra béttre
hygienrutiner. For det andra stirkte vi kunskap och praktiska fardigheter
genom utbildning och genom att tillhandahélla enkel och billig utrustning.
Utbildningen tog upp vanliga missuppfattningar, till exempel att placera kott
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pa kartong eller tyg skulle vara “bra for kottet”, trots att det i sjdlva verket
Okar risken for bakteriespridning. Vi tillhandaholl ocksé upphdjda galler i
rostfritt stél for att undvika slakt pa marken, litt rengorbara ytor dar kott kan
forvaras vid forséljning, olika forvaringskérl for att separera olika typer av
kott, desinfektionsmedel samt mdjlighet att tvétta hidnderna. For det tredje
uppmuntrade vi till beteendeforandringar i stillet for att anvidnda tvingande
atgérder. Det gjordes bland annat genom tydlig information och genom att
lyfta fram goda exempel, till exempel genom beloningssystem. Detta visade
att bédttre hygien 1 marknadsstanden lockade fler kunder och okade
inkomsterna.

De enkla och kostnadseffektiva atgirderna forbédttrade kunskap och
hygienrutiner hos bade slakteriarbetare och forsdljare. Trots detta var
bakterieforekomsten i kottet fortsatt mycket hog. 1 genomsnitt pavisades
Salmonella 1 cirka 30 procent av proverna fran slakterier och i upp till 75
procent av proverna frdn marknader. Resultaten visar att det inte récker att
enbart fordndra beteenden. Livsmedelssikerhet paverkas av ménga faktorer,
sdsom infrastruktur, miljoforhéllanden, hur livsmedelskedjan &r organiserad
och konsumenternas vanor. For att uppna varaktiga forbattringar behovs mer
omfattande insatser. Dessa bor omfatta forbéttrad infrastruktur, tydligare
styrning fran myndigheter och 6kad medvetenhet hos konsumenter, sa att
efterfragan pa sdker mat okar.

Denna avhandling visar ocksd att det inte finns nagon 16sning som
fungerar 6verallt. Atgirder behdver anpassas till lokala forhallanden och
genomforas i samarbete med lokala aktorer. Resultaten fran denna forskning
kan bidra till att utveckla policyer och stodja en bredare implementering av
effektiva atgérder for att minska livsmedelsburna sjukdomar i Vietnam.
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Tém tat nghién ciru

Céc bénh lay truyén tir thuc pham gay ra thiét hai 16n vé stc khoe va kinh té
trén toan cau, dic biét 1a & cac nude thu nhdp trung binh va thép nhu Viét
Nam. Thuc pham c6 ngudn gbc dong vat chiém khoang 35% ganh ning bénh
tat nay. Nguoi tidu dung van lo ngai vé cac mdi nguy hoa hoc (bao gém viée
lam dung cac chit phu gia va chét bao quan) gy ra anh hudng nghiém trong
dén stic khoe nhu ung thu, nhung nhitng nghién ciru trong nuéc cho thay
nguy co dén tir 6 nhidém vi sinh vat c6 tac dong nhanh va 16n hon nhiéu so
v&i nhan thire hién tai. Cac vu ngd doc thuc phém gﬁn day cho théy vi khuan
1a nguyén nhan gay ra hang tram ca bénh, khién nhiéu truong hop phai nhap
vién. Mot nghién ctru udce tinh c6 khoang 1-2 trong 10 nguoi ti€u dung thit
lon tai Viét Nam c6 nguy co bi ngd doc do Salmonella mdi nam.

Tai Viét Nam, thit lon 1 mon in phd bién d6i v6i nguoi dan. Cac nghién
ctru trong thap ky qua cho thiy ty 1& 6 nhidm vi sinh cao doc theo chudi thit
lon, trong d6 co s& giét mo va cho truyén théng 13 nhing dia diém chinh noi
nguon 0 nhiém tang len do thuc hanh v¢ sinh khong dam bao. Tai céc co so
giét mo, viéc giét mo6 chii yéu dugce thyuc hién tryc tiép trén san va khong co
su phan tach gitra khu vuc sach va ban. O cho, tiéu thuong hay str dung tAm
gidy bia, vai dé bay ban thit, it rira tay bang xa phong, thiéu nudc sach va
chat khir tring. Tat ca nhing thyc hanh niy tao didu kién cho vi khuan phat
trién va dan dén nguy co lay nhidm chéo gitta cac san phim 6 nhiém va chua
6 nhiém. Nhitng han ché nay mot ph?m do kién thtrc, nhan thtrc va thyc hanh
chwa diy du cia nguoi lao dong trong chudi. Nhing thuc hanh nay duoc
chap nhan do yéu ciu tiéu chudn vé sinh chua cao tir phia nguoi tiéu dung.
Bén canh do, cong tac quan 1y van gip nhidu kho khin do su chong chéo vé
phan cong nhiém vu giita cac bo nganh doc theo chudi va han ché vé ngudn
luc tai dia phuong.

D¢ cai thién tinh hinh, ching t6i da trién khai cic can thiép nham thay doi
thyc hanh ciia nguoi giét md va tiéu thuong, voi muc tidu giam 6 nhiém vi
sinh va bao v¢ suc khoe cho nguoi tiéu dung. Cac can thiép tép trung vao ba
nhém giai phap chinh. Thir nhat 1a hop tac chit ché véi chinh quyén dia
phuong va ban quan 1y chg dé ho cung tham gia vao qua trinh thiét ké va
trién khai can thiép, dong thoi dong vai tro thic day, giam sat va duy tri cac
thay ddi trong thuc hanh vé sinh. Thi hai 14 ning cao ning luc thong qua tip
huin va cung cip cc dung cu chi phi thap nhung thiét thyc. Cac budi tap
huén tap trung vao nhitng hiéu 1am pho bién tai dia phuong, nhu quan niém
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cho ring bia cac-tong hay vai 1a “t5t cho thit”, trong khi thyc hanh nay lam
gia ting nguy co nhiém vi khuan. Mot s6 dung cu duge cung cap bao gdm
tAm san inox dé tranh giét mo trén nén dat tai co so giét mb, mit ban d& lau
rira va sat trung, khay dé phan tach riéng thuc pham, dung dich sat trung,
binh nudc ¢6 voi dé dé rira tay tai quiy. Thir ba 1a khuyén khich thay déi
hanh vi mot cach ty nguyén thay vi dua vao xut phat, thong qua truyén thong
truc quan va céc hinh thire ghi nhan thyc hanh tot (vidu chim diém, gén sao
cong khai) gitip ngudi ban thiy rang thyuc hanh vé sinh tot thu hit thém khach
hang va tang thu nhap. Cach tiép can nay giup tao dong luc tich cuc, tir d6
duy tri thay d6i hanh vi mot cach bén viing hon.

Nhitng can thiép don gian va chi phi thip da gitp cai thién rd rét kién thirc
va thuc hanh vé sinh ctia ngudi giét mé va tiéu thuong. Tuy nhién, mirc d6 6
nhiém vi sinh trong thit lon vin con rat cao, cho thy thay d6i hanh vi théi 1a
chua du dé giam nguy co stic khoe cho nguoi tiéu dung. Ty 18 Salmonella
trung binh 1a 30% tai cac co s giét md va 1én t6i 75% tai cac cho truyén
thong. Két qua nghién ctru nhin manh rang an toan thyc phim khong chi phu
thudc vao ngudi giét md, tiéu thuong, ma con bi chi phdi boi nhiéu yéu to
khac nhu diéu kién ha tAng, méi truong, t chic chudi cung tng va ca thoi
quen lya chon ctia ngudi tidu dung. Do d6, dé cai thién bén viing, can co cac
giai phap dong bo hon, két hop giira nang cap co sé vat chét, ting cudng
quan 1y nha nudc va nang cao nhan thirc ciia nguoi tiéu ding dé tao ra nhu
cau va ap luc thi truong doi véi thye pham an toan.

Két qua nghién ciru ciing cho thiy khong c6 mot mé hinh can thiép chung
cho tat ca cac dia phuong. Cac giai phap can dugc thiét ké linh hoat, phu hop
véi didu kién thuc té cua ting noi, déng thoi can co sy tham gia cta chinh
quyén dia phuong va cic bén lién quan. Nhirng bang chtng tir nghién ctru
nay co thé 1am co s dé xay dung chinh sach va mé rong cac mo hinh can
thiép hiéu qua nhdm giam nguy co bénh truyén qua thuc pham tai Viét Nam.

78



Acknowledgements

The work presented in this thesis was conducted as part of the CGIAR
Sustainable Animal and Aquatic Foods (SAAF) Science Program and the
One Health CGIAR initiative, supported by the CGIAR Trust Fund.

The PhD journey is extremely demanding, consuming significant
amounts of time, energy, and resources. I wouldn’t have been able to
complete it without support from many people. Thank you to everyone who
crossed my PhD path, and 1 would like to express my gratitude to a few
specific people.

To my main supervisors at SLU, Sofia Boqvist, for all the encouragement
and for making administrative matters so easy to handle. Thank you for your
willingness to be the “bad one” when it was needed to protect me. I am
grateful for your guidance and for empowering me to make independent
decisions in scientific work. Thank you for always being available,
regardless of the time difference between our locations. To my direct
supervisor at ILRI, Sinh Dang-Xuan, for your tremendous support in study
design and in all the tiny details throughout every step of the project
implementation and data analysis. Thank you for your patience, enthusiasm,
passion, and humor, which helped create a comfortable atmosphere even
during the most intensive work with many different partners.

To my co-supervisors, Hung Nguyen-Viet, for giving me the opportunity
to be enrolled in this project, for setting up the initial idea of the interventions,
inspiring my interest in food safety, and for motivating and creating
opportunities for young researchers like me. To Fred Unger, for creating a
comfortable working environment and for encouraging me to pursue a PhD
education. To Elisabeth Rajala and Johanna F. Lindahl, for always
reading and replying to my emails promptly, often with short comments but
with very valuable insights into the papers. To Steven Lam, for being a wise
mentor and friend with whom I could share thoughts about both work and
life. Your insightful comments and questions sharpened the papers and
improved my writing a lot. To Delia G Randolph, for involving me in the
food safety fellow group and guiding through the key aspects of working in
food safety. Thank you for highlighting the importance of the incentive part
in slaughterhouse study and encouraging me to try that out.

This work would not have been possible without the support and
cooperation of the Sub-Department of Animal Health, the communal and

79



district authorities and veterinarians in Thai Nguyen, Hanoi, Thua Thien
Hue, Dong Nai and Can Tho. I would also like to extend my thanks to the
laboratory teams across the provinces for their contributions to sample
analysis. My sincere thanks also go to the slaughterhouse owners and
workers, market managers, vendors, consumers and all participants in the
interviews and interventions for giving of their time and sharing their
experience. | acknowledge the partners at the Vietnam Institute of Animal
and Veterinary Sciences, as well as lecturers and students at Vietnam
National University of Agriculture, Thai Nguyen University of Agriculture,
Hue University of Agriculture, Can Tho University. To anh Vwgng, anh
Tung for handling the high level of administrative work. This is one of the
most difficult parts of the project. I also thank colleagues from IFPRI:
Vivian, Mike, Kate, for your collaboration and for providing a totally new
experience working on the economic aspects.

I would like to acknowledge the colleagues who played a key role in
supporting the fieldwork. To Hwong and em Dung, for the excellent
coordination from MDRI side and for leading your team in maintaining strict
quality control interviews and observations. To anh Phiac for your
collaboration and for leading IEHSD team. My deep appreciation to chi
Huwong, em Duy, em Thanh for your tremendous efforts in all the markets
we visited together, for collecting samples, transporting all materials across
the country, dividing all stuffs at hotel storage rooms, taking measurements,
and even climbing to set up banners, posters, and signage. To anh Huyén,
chi Yén, anh Kién and your team members, and em Linh, for your
incredibly hard work at the slaughterhouses during extremely demanding
hours (in contrast to biological clock) and for all the arrangements that made
the interventions possible.

To my colleagues at ILRI, chi Phwong, for deep conversations about
love, life, raising children, for counting “stars” with me during the first
market pilot, and for firmly advocating for the inclusion of gender aspects in
the implementation. To em Hanh, for brightening this “often-grey” period
with many colourful flowers and plants, and for your help with all
administrative arrangements on the ILRI side. To chi Thanh, for our
spontaneous conversations and for your generous assistance with financial
matters and coordination with partners. To chi Chi, for your support in
developing communication materials and promoting the project activities. To
em Duy, for driving me safely around Hanoi and Thai Nguyen.

80



It has been a pleasure to be a member in numerous PhD groups and to
grow together with them. Thanks to my food safety fellow group for sharing
useful information and tips about writing papers, presenting, data analysis,
and for ‘protecting’ me during the walk in Kapiti. Thanks to friends in SLU,
even when I showed up for only a short duration each year, I always received
warm welcome and inclusion from you during lunch and fika. To Hai and
Thao, for laughing at my face at first but always being the ones who
understood the situation the most. To Ha, my neighbour in ILRI, my
roommate in Uppsala, my dng — toi partner, for your empathy and for sharing
all the tears and laughter along this journey.

To my best friends from ChAm muéi hdi, for giving me moments where
I could complain and express my feelings freely, without fear of being
judged. To Minh, for sharing your comments on the economic aspects of the
paper related to this study, and for always being firmly on my side. To Thanh
hép, for treating me so well like a sister and being with me during some of
the hardest times in my life. To Linh U, for trusting me and often checking
on my PhD progress. To Trang Bui, for understanding every single weakest
thought and adding thoughtful explanation that lifted me up. To Pep, for
encouraging my thinking about women’s rights and empowerment, for
speaking about justice, believing in my abilities, and always giving me the
most supportive words. To friends in Uppsala who crossed paths with me
briefly but left warm memories through their kindness and inclusiveness.

Loi cam on siu sic nhat con xin danh cho B6, Me, anh Hoang va chi
Pao. Cam on moi ngudi di ludn ung hd moi quyét dinh ciia con va thay con
ganh vac nhiéu viéc trong gia dinh dé con c6 thé yén tim hoc tap va lam viéc.
Cam on ca nha da giup con cham lo cho Linh trong nhitng ngay con di thuc
dia va di hoc xa nha. Cam on c6 bé Linh vi da biét tu lap, tu lo cho ban than
va viéc hoc ctia minh that tot & dd tudi ma khi d6 me chua lam duoc nhu con.
Cam on con vi d3 chap nhan con ngudi ciia me, kién nhin véi nhitng lic me
cau kinh, va coi me nhu mot ngudi ban thét long chia sé budn, vui, nhitng bi
mat ¢ truong lop va gia dinh minh. Cam on con vi luén quan tam va héi tham
vé cac bai bao ctia me v6i anh mét diy ngudng mo, diéu di tiép thém cho me
rat nhidu sy ty tin trén ching duong nay. Con yéu ca nha!

To all of you, and to anyone I may have forgotten or did not have space
to mention, I am forever grateful and deeply indebted to you for your

contributions.

81






Appendix

Appendix I: Checklist to assess hygienic practices at pig slaughterhouse
SHID: ............. Starting Time: .......... ho..........

Date (dd/mm/yyyy): ......... [iviinans [iviiiiiinnn, Checker’s name: ...........ccoeevvnvvvienenennnn.

Village: ............... Commune: ............... Province: ...............

A. General information (Ask the owner)

1. How many pigs do you slaughter today?...........c.ccceervenene pigs
2. How many labors working in your slaughterhouse today? ...... Male/ ...... Female
Permanent Regular Occasional (workers, Note
(Main workers) (Retailer) not including retailers)
Female Male Female Male Female Male

3. Main water source used for slaughter (washing carcass):
a. Tap water
b.  Well water
c.  Others (detailS)......oveviieririiiiiiiieeieeee e

B. General assessment

No assess

No. Practice Y|N
(reason)

I Assessment BEFORE slaughtering

Pig in lairage is clean, no feces (7Take picture on
observation day)

2 There is fixed faucet to wash hands, equipment

There is soap/detergent for washing hands and

3
slaughtering tools (e.g. knife)

4 There is disinfectant to disinfect hands and slaughtering
tools (e.g. knife)

5 There is foot bath with disinfection liquid before entering
to SH area

6 People are not allowed to enter freely without cleaning

and disinfection (apply for both workers, guests, owners)

7 There is easy to drain grid to slaughter pig
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II | Assessment DURING slaughtering

There is specific place for bleeding and/or scalding (dirty
area)

9 There is specific place for evisceration

Evisceration area is separated from bleeding and scalding

10 area (dirty area).

1 There is specific place to split half the carcasses (NA if it
is not the practice at the SH)

1 Workers do not move freely from bleeding and scalding

area (dirty) to evisceration area (clean) during slaughter

If you choose no in question 23 above:
The workers clean hands and protective equipment when
13 | moving from dirty (e.g. bleeding/evisceration area) to

clean area
a. Soap b.Water c. Disinfected 0. No
14 To dehairing, pig was: a. Dipped into hot water tank
b. Poured hot water by kettle c. Both
15 Carcasses are washed by: a. Direct water from pipe

b. Water from the tank/container c. Both

C. Slaughter practice observation table (for each sampled pig — total 6 pigs)
Number of group/households involved in slaughter: ......

No | Practice/Content 1(2(3|4

1 Time start observing (pig to be led to slaughter line) (hh:mm)

) Slaughtered pig belongs to which group number...
(enumerator set group number)

The number of workers take part in slaughter
3 (From the beginning of leading pigs into bleeding until transporf
out of the slaughterhouse)

4 Number of workers wear boots

Number of workers clean hands with soap or disinfectant before

slaughtering

The number of workers clean boots with soap or disinfectant]

before slaughtering

14 Pigs were bleeding on a high table/ floor

15 Pig is not dirty while bleeding (no fecal on body)

16 Pig was cleaned with cold water before scalding

Workers who do bleeding and scalding are different from those do

17
subsequent slaughter stages
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18 Knives are washed before evisceration
a. Bysoap b.Bywater c. Disinfected 0.No

19 Workers clean hands before evisceration
a. Bysoap b.Bywater c. Disinfected 0.No

20 Pigs were eviscerated on a high grid, not on floor

a1 If yes on Q20, The workers do not step on the slaughter grid when
evisceration

22 The workers do not step on carcasses when evisceration

Clean grid/floor with water/disinfected before evisceration

Ifyes:

23 a. With high pressure b. With normal pressure c. Poured by
pots/buckets d. Disinfected 0. No

24 Viscera and blood are separated in specific place/container (Do
not put on floor)
Viscera is:

)5 a. Handled without separation from the clean area

b. Handled in a separate area, clearly separated from the clean area
c. Put in a bag to take away

26 The workers do not smoke during operation

27 The workers do not eat during operation

Slaughter is vendor who take part in the slaughter phase:
28 a. Bleeding b. Scalding c. Evisceration d. Handle
viscera e. Split carcass f. All 0. No

30 Time to finish observing (hh:mm)
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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
;:?:monal markets (TBC) and Salmonella in pork across Vietnamese traditional markets and evaluated vendors’ food safety
KAP 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 log1oCFU/g and 6.9 log1oCFU/cm?, 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.

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
etal., 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, log19TBC 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 logioTBC
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.
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 %), witha
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(1.1) 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 (27.49) 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 (49.9) 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(2.2) 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 20149 334 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 20149 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(01.1) 3(3.3) 7(8.3) 20249 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) 20249 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(1.1) 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 2(1.4) 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(4.49 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(18.1) 34(7.0)
Dirty water” 2(1.4) 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) 10.2) 18 (3.7)
Long selling time 2(1.4) 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* 3(2.1) 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(27.49) 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) 111 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) 1011 2(2.2) 1(01.2) 1(.2) 5(1.0)
Whenever the vendor is free or as requested by customers 25 (17.9) 7 (7.9) 13 (14.9) 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 (28.9)
Stall is clean 17 (12.1) 3(3.4) 3(3.3) 5 (6.0) 6(7.2) 34 (7.0)
Vendor is clean 9 (6.4) 3(3.4) 2(2.2) 2(2.49) 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) 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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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) 784 111 (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 =89) (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 (0.9) 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) 784 38 (7.8) 11-8)
7% Washing hands with soap or disinfects hands 2014 0(0) 1(.1) 0(0) 1(1.2) 4(0.8) 1(1-8)
8*  Washing or disinfects the knife 20149 1(1.1) 0(0) 0(0) 2249 5(1.0) 11-2)
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(10.1) 49 (54.4) 26(31.0) 23(27.7) 124 (25.5) 2(1-8)
Mean total score of practice (out of 5)** 3.4(0.7) 31(0.9 2211 23(1.1) 26(0.9 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 + 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 log10CFU/g and 6.9 log;oCFU/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 logyo
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, CI:
—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 0dds ratio 95 % CI p-value
Temperature 117 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=289) (n=84) (n=83) (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) 6.94(0.7) 6.4 (1.1)
(logyo 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) 7.044 (0.8) 6.9 (0.9)
Average temperature of sampling day°C (SD) 15.1% (3.9) 17.8* (1.3) 27.5%¢ (2.6) 27.9%¢ (1.8) 20.8 (6.5)

abede pifference superscripts indicate statistically significance at p < 0.01, Kruskal-Wallis for log; 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; 1LO, 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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