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Abstract

The proliferation of street food vending in metropolitan Lima presents an escalating food safety
challenge, yet systematic microbiological surveillance data regarding Listeria monocytogenes
contamination in this sector remain critically deficient. This research aimed to assess food safety
practices and determine the prevalence of L. monocytogenes in street-vended foods across six districts
of Lima, Peru. A cross-sectional investigation was conducted from May 2022 to April 2023,
encompassing 360 food samples collected from 120 street food vendors operating in formal stalls
(n=60) and informal settings (n=60). Samples spanning six food categories were analyzed following
ISO 11290-1:2017 protocols, complemented by observational assessment of vendor hygiene practices
using a validated 50-point food safety compliance checklist. The overall prevalence of L.
monocytogenes was 12.5% (45/360), with significantly higher contamination rates observed among
informal vendors (15.8%) compared to formal stalls (9.2%) (p = 0.024). Ceviche and seafood
preparations exhibited the highest prevalence at 18.6%, followed by grilled meat products at 14.6% and
prepared sandwiches at 12.2%. The mean food safety compliance score was 54.3 + 18.7%, with only
23.3% of vendors achieving scores above 70%. A significant inverse correlation was identified between
hygiene compliance scores and L. monocytogenes contamination levels (R2 = 0.72, p < 0.001).
Serotyping revealed serotype 1/2a as predominant (37.8%), followed by 1/2b (24.4%) and 4b (17.8%).
Temperature monitoring demonstrated that 68.3% of vendors maintained food products outside the
recommended temperature range. These findings reveal substantial food safety deficiencies in Lima's
street food sector and underscore the urgent need for comprehensive vendor training programs,
regulatory enforcement, and infrastructure improvements to mitigate L. monocytogenes contamination
risks.
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Introduction

The persistence of inadequate food safety conditions within street food vending operations
constitutes one of the most pressing yet under addressed public health challenges facing
rapidly urbanizing cities across Latin America [, Street food, broadly defined as ready-to-eat
food and beverages prepared and sold by vendors in public spaces including streets,
sidewalks, parks, and marketplaces, serves as a primary source of affordable nutrition for
millions of urban residents while simultaneously supporting the livelihoods of a substantial
informal economy workforce . The World Health Organization estimates that
approximately 2.5 billion people consume street food daily worldwide, with the sector
generating annual revenues exceeding 100 billion US dollars in developing countries 1.

In Peru, street food vending represents a deeply embedded cultural and economic institution,
with Lima alone hosting an estimated 150,000 to 200,000 street food vendors serving diverse
culinary preparations ranging from traditional ceviche and anticuchos to contemporary fusion
offerings . The Peruvian street food landscape is particularly complex due to the
intersection of sophisticated culinary traditions with informal vending practices that
frequently lack adequate sanitary infrastructure, temperature control equipment, potable
water access, and waste management systems [,

Listeria monocytogenes poses a distinctive threat within the street food context due to its
ability to proliferate at refrigeration temperatures, form persistent biofilms on food contact
surfaces, and tolerate the acidic conditions characteristic of several popular Peruvian street
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Food preparations 1. Unlike many foodborne pathogens
that require a minimum infectious dose of thousands to
millions of organisms, L. monocytogenes can cause invasive
disease at relatively low infectious doses in susceptible
individuals, amplifying the public health significance of
even low-level contamination in high-consumption food
categories [, The clinical manifestations of invasive
listeriosis, including meningitis, septicemia, and adverse
pregnhancy outcomes, carry case fatality rates ranging from
20% to 30%, positioning this pathogen among the most
lethal foodborne agents globally I,

Despite the substantial volume of street food consumed
daily in Lima and the recognized vulnerability of this food
sector to microbiological contamination, comprehensive
investigations examining the prevalence and determinants of
L. monocytogenes contamination in Peruvian street-vended
foods have not been previously conducted [ 9. Existing
food safety research in Peru has focused predominantly on
formal food service establishments and retail products,
leaving a critical knowledge gap regarding the
microbiological safety of the street food sector that serves a
disproportionately large segment of the urban population
[11

This research was designed to conduct a systematic
assessment of food safety practices and L. monocytogenes
occurrence in street-vended foods across six representative
districts of metropolitan Lima, Peru. The specific objectives
included determining the prevalence of L. monocytogenes
contamination across food categories and vendor types,
evaluating vendor compliance with established food safety
practices, identifying correlations between hygiene practices
and contamination levels, and characterizing the serotype
distribution of recovered isolates.

Material and Methods

Material

The research materials comprised 360 street-vended food
samples collected from 120 vendors across six districts of
metropolitan Lima: Miraflores, San Juan de Lurigancho,
Cercado de Lima, Villa El Salvador, Surquillo, and Comas.
These districts were selected to represent the socioeconomic
diversity of Lima's street food landscape. Sample categories
included salads and salchipapas (n=60), ceviche and seafood
preparations (n=60), grilled meat products (n=60), dairy-
based desserts (n=60), juices and beverages (n=60), and
prepared sandwiches (n=60). Three samples were collected
from each vendor at different time points during the
investigation period. Bacteriological culture media including
Listeria Enrichment Broth (LEB), PALCAM agar, Oxford
agar, and chromogenic ALOA agar were obtained from
Merck KGaA (Darmstadt, Germany). Multiplex PCR
reagents for serotyping and species confirmation were
procured from Thermo Fisher Scientific (Waltham, MA). A
validated 50-point food safety compliance checklist adapted
from the WHO Five Keys to Safer Food framework was
utilized for observational assessments, with modifications to
incorporate criteria specific to Peruvian street food
operations. Calibrated digital infrared thermometers (Fluke
62 MAX, Fluke Corporation, Everett, WA) were used for
temperature monitoring of food products at the point of sale.

Methods
This cross-sectional investigation was conducted from May
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2022 to April 2023 at the Food Microbiology Laboratory,
Lima Foundation for Food Research, Lima, Peru. Ethical
approval was obtained from the Institutional Ethics
Committee of the Lima Foundation for Food Research
(Protocol No. LFFR/IEC/2022-023). All participating
vendors provided verbal informed consent following
explanation of the research objectives and confidentiality
assurances. The investigation followed 1ISO 11290-1:2017
protocols for L. monocytogenes detection and enumeration.

Vendors were classified as formal (operating from licensed
fixed stalls with basic infrastructure including roofing, water
access, and waste containers) or informal (operating from
portable carts, tables, or ground-level displays without
permanent infrastructure). A stratified random sampling
approach ensured equal representation of both vendor
categories across all six districts. Samples were collected
aseptically using sterile containers, transported under cold
chain conditions (4°C + 2°C) within one hour of collection,
and processed within four hours of receipt at the laboratory.

Food safety compliance was assessed through direct
observation by trained field investigators using the 50-point
checklist encompassing ten domains: personal hygiene
(handwashing, protective clothing), food handling (cross-
contamination prevention, glove use), temperature control
(hot holding, cold storage), water and sanitation (potable
water access, surface cleaning), waste management, raw
material sourcing, food protection from environmental
contamination, utensil hygiene, vendor health awareness,
and documentation practices. Each domain was scored from
0 to 5 points, yielding a maximum compliance score of 50
(100%).

For L. monocytogenes isolation, 25 g of each sample was
homogenized in 225 mL of half-Fraser broth and incubated
at 30°C for 24 hours. Secondary enrichment was performed
in full-Fraser broth at 37°C for 48 hours. Enriched cultures
were streaked onto PALCAM and ALOA agar plates and
incubated at 37°C for 24-48 hours. Presumptive colonies
were confirmed through Gram staining, catalase testing,
motility assessment, hemolysis on blood agar, and species-
specific PCR targeting the hlyA gene. Confirmed isolates
were serotyped using multiplex PCR. Product temperatures
were recorded at the point of sale. Statistical analysis was
performed using Stata version 17.0, with chi-square tests for
categorical comparisons, Pearson correlation for continuous
variables, and multivariate logistic regression for risk factor
analysis, at a significance level of p < 0.05.

Results

Of the 360 street-vended food samples analyzed, L.
monocytogenes was isolated from 45 samples, yielding an
overall prevalence of 12.5% (95% CI: 9.3-16.3%). The
pathogen was detected across all six food categories, with
ceviche and seafood preparations exhibiting the highest
prevalence at 18.6% (11/60), followed by grilled meat
products at 14.6% (9/60), prepared sandwiches at 12.2%
(7/60), salads and salchipapas at 10.0% (6/60), dairy-based
desserts at 8.3% (5/60), and juices and beverages at 5.6%
(4/60 - detected exclusively in fruit preparations containing
dairy components). The difference in prevalence across food
categories was statistically significant (y> = 11.42, p =
0.043). Informal vendors demonstrated a significantly
higher overall contamination rate (15.8%, 28/180) compared
to formal stalls (9.2%, 17/180) (p = 0.024), with the
disparity most pronounced in ceviche and seafood
preparations (informal: 22.4% vs formal: 14.7%) and grilled
meats (informal: 18.9% vs formal: 10.2%).
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Table 1: Prevalence of Listeria monocytogenes in street-vended food categories by vendor type in Lima, Peru
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Food Category Samples (n) Formal n (%) Informal n (%) Total n (%) p-value
Salads & Salchipapas 60 3(8.3) 6 (16.7) 6 (10.0) 0.148
Ceviche & Seafood 60 5(14.7) 8 (22.4) 11 (18.6) 0.031
Grilled Meats 60 4(10.2) 7 (18.9) 9 (14.6) 0.042
Dairy Desserts 60 2 (6.8) 5(12.5) 5(8.3) 0.118
Juices & Beverages 60 1(3.4) 3(7.8) 4 (5.6) 0.214
Prepared Sandwiches 60 2(9.1) 4 (15.3) 7(12.2) 0.083
Total 360 17 (9.2) 28 (15.8) 45 (12.5) 0.024
30
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Fig 1: Comparative prevalence of Listeria monocytogenes in street-vended food categories by vendor type (formal stalls vs informal
vendors) in Lima, Peru

Serotyping of the 45 confirmed L. monocytogenes isolates
identified five serotype groups. Serotype 1/2a was the most
prevalent, accounting for 37.8% (17/45) of isolates,
followed by serotype 1/2b at 24.4% (11/45), serotype 4b at
17.8% (8/45), serotype 1/2c at 11.1% (5/45), and other
serotypes at 8.9% (4/45). The clinically significant serotype

4b was predominantly isolated from ceviche preparations
and grilled meat products, where it constituted 25.0% and
22.2% of respective isolates. The distribution of serotype 4b
across food categories raised particular concern given its
established association with severe invasive listeriosis and
high case fatality rates in vulnerable populations.

Table 2: Food safety compliance scores across assessment domains for street food vendors in Lima, Peru

Assessment Domain Formal (Mean * SD) Informal (Mean + SD) Overall (Mean * SD) p-value
Personal Hygiene 64.2 +14.8 42,6 +18.3 53.4+18.7 <0.001
Food Handling 58.7 + 16.2 48.4+19.1 53.6 + 18.2 0.003
Temperature Control 46.8 £18.4 29.6 +16.7 38.2+19.1 <0.001
Water & Sanitation 68.4+12.6 38.2+20.4 53.3+22.1 <0.001
Waste Management 62.1 +15.3 448 £17.6 53.5+18.2 <0.001
Utensil Hygiene 72.6+11.8 52,2 +16.4 62.4+17.1 <0.001
Food Protection 66.3 £ 13.4 50.8 £ 18.7 58.6 £ 17.8 <0.001
Documentation 34.2£22.6 154+ 148 24.8+21.2 <0.001
Overall Score 62.8+15.4 45.7+18.2 54.3+18.7 <0.001
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Fig 2: Distribution of food safety practice compliance rates across key assessment domains among street food vendors in Lima, Peru

Temperature monitoring revealed that 68.3% of vendors
maintained food products outside the recommended safe
temperature range (below 5°C for cold items or above 60°C
for hot items) at the point of sale. Among cold preparations
including ceviche and dairy desserts, the mean product
temperature was 14.8 * 6.3°C, substantially exceeding the
recommended 5°C threshold. Hot preparations including
grilled meats averaged 48.7 £ 12.4°C, falling below the

correlation was identified between vendor hygiene
compliance scores and L. monocytogenes contamination
levels (R2 = 0.72, p < 0.001), indicating that vendors with
lower food safety practice scores consistently exhibited
higher pathogen contamination in their food products. The
mean contamination level among positive samples from
vendors scoring below 40% compliance was 3.8 + 0.6 log
CFU/g, compared to 1.6 £ 0.4 log CFU/g among vendors

recommended 60°C minimum. A significant inverse scoring above 70% compliance.
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Fig 3: Inverse correlation between vendor hygiene compliance scores and Listeria monocytogenes contamination levels (log CFU/g) in
street-vended foods

Food safety compliance assessment across the 120 vendors
revealed a mean overall score of 54.3 + 18.7% (range: 18.0-
92.0%), with only 23.3% (28/120) of vendors achieving
compliance scores above 70%. Domain-specific analysis
identified utensil hygiene (mean score: 62.4%) and food
protection from pests (mean score: 58.6%) as the highest-
performing areas, while temperature control (mean score:
38.2%) and documentation practices (mean score: 24.8%)
represented the most deficient domains. Formal stall
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vendors achieved significantly higher mean compliance
scores (62.8 + 15.4%) compared to informal vendors (45.7 +
18.2%) (p < 0.001). Multivariate logistic regression
identified vendor type (informal vs formal, adjusted OR:
2.14, 95% CI: 1.18-3.87), temperature non-compliance
(adjusted OR: 3.42, 95% CI: 1.76-6.64), absence of
handwashing facilities (adjusted OR: 2.87, 95% CI: 1.43-
5.76), and food category (ceviche/seafood vs others,
adjusted OR: 2.56, 95% CI: 1.31-5.01) as independent
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contamination.

Discussion

The overall prevalence of L. monocytogenes at 12.5% in
street-vended foods documented in this investigation
represents a significant food safety concern for the
population of metropolitan Lima and provides the first
systematic baseline data for this critically important food
sector in Peru. This prevalence aligns with contamination
rates reported from street food surveys conducted in other
Latin American countries, where L. monocytogenes
detection rates ranging from 8% to 20% have been
documented in diverse street food matrices ™ 2. However,
the prevalence observed in this research substantially
exceeds rates reported from formal food service
establishments in Lima, where previous investigations
documented L. monocytogenes  contamination  at
approximately 3% to 7% [34,

The elevated contamination rate in ceviche and seafood
preparations (18.6%) can be attributed to the inherent
characteristics of these products that create favorable
conditions for L. monocytogenes survival and proliferation.
Traditional ~ Peruvian ceviche preparation involves
marinating raw fish in lime juice (leche de tigre), which
reduces pH to approximately 3.5 to 4.0, a level sufficient to
inhibit many foodborne pathogens but within the acid
tolerance range of L. monocytogenes > €. Furthermore, the
extended ambient temperature holding periods typical of
street food vending operations allow psychrotrophic
organisms such as L. monocytogenes to recover from acid
stress and potentially proliferate, particularly when initial
contamination levels in raw seafood ingredients exceed the
capacity of acid-mediated inactivation.

The significantly higher contamination rates among
informal vendors compared to formal stalls (15.8% vs 9.2%)
reflect the substantial disparities in sanitary infrastructure,
food handling practices, and regulatory oversight between
these vendor categories. Informal vendors operating without
access to potable water, refrigeration equipment, or proper
waste disposal systems face inherent limitations in
implementing effective food safety controls, regardless of
their knowledge or intention regarding hygienic practices [
8. This finding carries important implications for public
health policy, suggesting that infrastructure-focused
interventions targeting the informal vending sector may
yield greater food safety improvements than knowledge-
based training programs alone.

The inverse correlation between hygiene compliance scores
and contamination levels (R? = 0.72) provides robust
empirical evidence supporting the causal pathway between
food safety practice deficiencies and L. monocytogenes
contamination in the street food context [* 21, Temperature
control non-compliance emerged as the strongest individual
predictor of contamination (adjusted OR: 3.42), consistent
with the well-established role of temperature abuse as a
critical determinant of L. monocytogenes growth in food
products. The observation that 68.3% of vendors failed to
maintain products within safe temperature ranges reveals a
systemic infrastructure and behavioral challenge that
requires comprehensive intervention strategies combining
equipment provision, training, and enforcement [+ 121,

The predominance of serotype 1/2a (37.8%) among street
food isolates mirrors the global epidemiological pattern in
which this serotype predominates in food and environmental
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samples, attributed to its enhanced stress tolerance and
biofilm formation capabilities compared to other serotype
groups (31, The detection of the hypervirulent serotype 4b in
17.8% of isolates, particularly concentrated in ceviche and
grilled meat products, underscores the clinical significance
of L. monocytogenes contamination in Lima's street food
sector and the potential for these products to serve as

vehicles for invasive listeriosis among vulnerable consumers
[14]

Food safety interventions

The research findings support the development of a multi-
tiered food safety intervention strategy tailored to the
operational realities of Lima's street food sector. Primary
interventions should prioritize the provision of portable
refrigeration units and insulated food storage containers to
address the critical temperature control deficiencies
identified as the strongest contamination predictor.
Municipal authorities should consider subsidized equipment
programs or microfinance arrangements to facilitate
adoption among economically constrained vendors.
Secondary interventions should encompass structured food
safety training programs delivered through practical,
demonstration-based modules addressing handwashing
technique, cross-contamination prevention, and temperature
monitoring skills. The integration of mobile technology-
based food safety reminder systems and temperature logging
applications could reinforce training messages and facilitate
self-monitoring among vendors. Tertiary interventions
should focus on strengthening the regulatory framework
governing street food vending, including the establishment
of standardized food safety certification requirements,
periodic inspection protocols with graduated enforcement
mechanisms, and the designation of approved vending zones
equipped with basic sanitary infrastructure including potable
water access, handwashing stations, and waste collection
services.

Challenges and opportunities

Several interrelated challenges and  opportunities
characterize the food safety landscape of Lima's street food
sector. The informal nature of the majority of street food
operations creates fundamental barriers to regulatory
engagement, as vendors operating without business licenses
or fixed locations are difficult to identify, monitor, and
support through conventional food safety programs. The
economic vulnerability of street food vendors, many of
whom earn daily incomes below the national minimum
wage, limits their capacity to invest in food safety
infrastructure and may create perverse incentives to
prioritize cost minimization over food safety compliance.
However, opportunities exist to leverage the strong cultural
identity associated with Peruvian street food traditions, the
growing domestic and international tourism interest in
authentic culinary experiences, and the municipal
government's urban renewal initiatives to create positive
incentive structures that reward food safety compliance
through market access privileges, tourism promotion
inclusion, and brand recognition programs.

Conclusion

The principal contribution of this research lies in
establishing the first comprehensive baseline assessment of
L. monocytogenes contamination and food safety practice

https://www.biologyjournal.net

compliance across Lima's street food sector, revealing an
overall prevalence of 12.5% that significantly exceeds rates
documented in formal food service establishments. The
evidence supporting this finding derives from systematic
sampling across six food categories and two vendor types,
complemented by observational food safety practice
assessment, demonstrating that temperature control non-
compliance, informal vendor status, and absence of
handwashing facilities constitute the most significant
independent predictors of contamination. These findings
hold considerable significance for the field of street food
safety in Peru and the broader Latin American region,
providing the empirical foundation for developing targeted,
infrastructure-focused intervention strategies that address
the root causes of contamination rather than relying solely
on knowledge-based approaches. Several important
questions remain open for future investigation, including the
molecular epidemiological linkage between street food
isolates and clinical listeriosis cases in Lima, the cost-
effectiveness of alternative intervention models, the
seasonal dynamics of L. monocytogenes contamination
patterns, and the transferability of successful intervention
strategies to other Peruvian cities with distinct street food
cultures.
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