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Developing countries such as Ecuador carry a heavy food safety burden but reports on the microbiological qual-
ity of their foods are scarce. In this investigation, the microbial diversity of 10 high‐risk and mass‐consumption
street‐vended foods including bolones, encebollado, food dressings, ceviche, chopped fruits, fruit juices, fruit
salads, cheese, raw chicken, and ground beef in Quito, Guayaquil, and Cuenca, three major population centers
in Ecuador, were evaluated using 16S rRNA gene High Throughput Sequencing. In total, 1,840 amplicon
sequence variants (ASVs) were classified into 23 phyla, 253 families, 645 genera, and 829 species. In the tested
food samples, Proteobacteria and Firmicutes were the most abundant phyla accounting for 97.41% of relative
abundance (RA). At genus level, 10 dominant genera were identified: Acinetobacter (12.61% RA), Lactococcus
(12.08% RA), Vibrio (8.23% RA), Weissella (7.43% RA), Aeromonas (6.18% RA), Photobacterium (6.32% RA),
Pseudomonas (3.92% RA), Leuconostoc (3.51% RA), Klebsiella (3.49% RA), and Cupriavidus (2.86% RA). The
highest microbial diversity indices were found in raw chicken, encebollados, fruit salads, and fruit juices from
Guayaquil and Cuenca. From sampled foods, 29 species were classified as food spoilage bacteria and 24 as
opportunistic pathogenic bacteria. Two groups associated with human diseases were identified, including 11
enteric species and 26 species of fecal bacteria. The occurrence of recognized and opportunistic pathogenic
bacteria, as well as enteric and fecal microorganisms, in the street‐vended foods indicated extensive risks for
the consumers’ health. This study demonstrated the application of culture‐independent amplicon sequencing
in providing a more comprehensive view of microbial safety for street‐vended food, which could be a useful
tool to facilitate the control of foodborne diseases.
Foodborne diseases (FBDs) encompass nearly 200 different ill-
nesses ranging from diarrhea to cancer. The World Health Organiza-
tion (WHO) estimates that 600 million people are annually affected,
and half a million people die each year because of FBD (World
Health Organization, 2020). Despite having highly functional national
food safety programs, the burden of FBD is considered significant in
high‐income countries (HICs). In the US, the estimated annual cost
of the diseases caused by 15 foodborne pathogens is $17.8 billion
(Hoffmann, 2020; Hoffmann et al., 2017). Similarly, in the Nether-
lands, the total cost of diseases caused by 14 food‐related pathogens
and their sequelae is estimated at €468 million each year (Mangen
et al., 2015). In low‐ and‐middle‐income countries (LMICs), the World
Bank (2018) estimated that the total productivity loss associated with
FBD was around $95.2 billion yearly. In Caribbean countries, food-
borne illnesses are estimated to generate $700,000 to $19 million in
annual health costs (PAHO & WHO, 2019). The data obtained by the
WHO Foodborne Disease Burden Epidemiology Reference Group
(FERG) regarding the global burden of FBD in LMICs are considered
very conservative (Havelaar, 2019) because of the lack of accurate
data‐acquisition mechanisms, the absence of comprehensive baseline
studies, and inadequate methodologies to establish nationwide food
safety programs (Vipham et al., 2018). In this sense, the need to imple-
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ment precise, efficient, and low‐cost technologies to generate data
associated to the safety of foods in LMICs has been emphasized
(WHO, 2018).

Street‐vended foods are in high demand in Ecuador and many Latin
American countries as a means of providing fast, inexpensive, and con-
venient access to food, and as an important income source for many
families. Food sale on public streets increased recently in many cities
in Ecuador, partially due to the economic downturns caused by the
COVID‐19 pandemic (Allison et al., 2021). Food safety is a major con-
cern associated with these types of foods due to the lack of hygiene
standards, required sanitizing supplies, and potable water, increasing
the probability of contamination with foodborne pathogens and spoi-
lage microorganisms during food preparation, storage, and sale
(Birgen et al., 2020). However, the microbial safety and quality of
street‐vended foods from Ecuador are still poorly documented.

DNA sequencing technologies such as Next Generation Sequencing
(NGS) have been rapidly improving and are becoming widely used to
assess the microbiological quality of foods (Cardinali et al., 2017;
FAO/WHO/AU, 2019; van Hoorde & Butler, 2018). NGS targeting
the 16S rRNA gene is one of the commonly used methods to character-
ize bacterial communities (Brown et al., 2019; Lewis et al., 2020).
Microbiome studies using NGS have been performed to evaluate the
microbiological quality of foods in HIC such as Belgium, Italy, Repub-
lic of Korea, and USA (Ceuppens et al., 2017; Ferrario et al., 2017; Gu
et al., 2018, 2020; Kim et al., 2019; Yi et al., 2020), but similar appli-
cations in LMICs such as Ecuador have not been reported. The present
research aimed to evaluate the bacterial diversity in high‐demand
street‐vended foods in Ecuador using NGS.
Materials and Methods

Study design and sample collection

Based on previously investigated food samples by Salazar‐Llorente
et al. (2020), samples of 10 common street‐vended foods were pur-
chased from popular farmers markets in the three largest cities in
Ecuador, Cuenca (CUE), Guayaquil (GYE), and Quito (UIO) as shown
in Table 1.

The food samples once purchased were immediately transported in
insulated boxes with ice packs to the respective laboratories of the par-
Table 1
Ten types of foods tested from the three largest cities in Ecuador

Food Description

Bolones (B) Fried green banana puree, round and filled with cheese
Ceviches (C) Ecuadorian ceviche is made with seafood and shrimp already co

tomato
Chopped fruit (CF) In Ecuador, watermelon, pineapple and mango are sold in plastic

to the selling point in the street.
Fresh cheeses (CHE) Fresh cheese tested in this study was soft and moist, which was
Chicken (CHI) The chicken is slaughtered near the place of sale, the meat is w

carcasses are displayed on hooks or trays for sale.
Encebollados (E) In Ecuador is an onion fish soup made with fresh tuna, yuca or

curtido or pickled onions and tomatoes on top or mixed in with t
the name “encebollado”.

Fruit salad (FS) Also known as “come y bebe”, which translates as eat and drink.
papaya, bananas, pineapple and orange juice, the fruit is cut into
salads are sold using buckets on busy street corners. Vendors ad

Ground beef (GB) Street vendors buy meat from wholesale slaughterers and sell it i
is displayed on hooks and ground when selling.

Fruit juices (J) Soft drinks (watered-down fruit juices) made from pulp of seaso
Food dressing (S) Ecuadorian lime pickled red onions, chili marinades and egg an

* Cuenca (CUE), Guayaquil (GYE), and Quito (UIO).

2

ticipating Universities of each sampled city within ∼2 h, Escuela Poli-
técnica Nacional (EPN) in Quito, University of Cuenca (UC) and the
Escuela Superior Politécnica del Litoral (ESPOL) in Guayaquil. Food
samples were purchased daily until 10 food commodities were com-
pleted. This was conducted based on the laboratory's capacity on sam-
ple processing and DNA extraction on the sampling day to avoid food
deterioration.

Sample preparation, DNA extraction, and 16S rRNA gene high throughput
(HT) sequencing

Bacterial cells from collected food samples were harvested accord-
ing to a previous study (Gu et al., 2018) with a few modifications.
Briefly, 20 g of each sample was transferred to sterile bags (Neogen,
Lansing, MI) with 50 mL of 1x phosphate‐buffered saline (PBS, pH
7.2, Thermo Fisher Scientific, Waltham, MA). The sample was then
sonicated at 40 kHz for 1 min in an FS110D ultrasonic bath (Fisher Sci-
entific, USA), followed by gentle hand rubbing. To remove food debris,
2 ml of the suspension was centrifuged for 2 min at 1,000 × g in a
microcentrifuge 5424 with rotor FA‐45‐24‐11 (Eppendorf®, USA).
Then, 800 µl of the supernatant was centrifuged at 14,000 × g for
10 min to concentrate the bacterial cells. After removing the super-
natant, the bacterial cell pellet was resuspended in 500 µl of
1 × PBS and centrifuged again at 14,000 × g for 10 min. DNA was
extracted from cell pellets using the PureLink ™ Genomic DNA Mini
Kit (Invitrogen, USA) following the manufacturer's instructions and
stored at −80°C until further processing.

Sample DNAs were processed for 16S rRNA gene HT sequencing
using the barcode primer sets 515F − 806R for MiSeq (Illumina,
USA) following the Earth Microbiome Project protocol (Caporaso
et al., 2011, 2012), and sequencing was conducted using MiSeq (Illu-
mina, San Diego, CA) with MiSeq Reagent 600‐cycles v3 kits as
described in a previous study (Gu et al., 2018).

A total of 8,857,194 pairwise raw reads were generated for the 169
tested food samples. MiSeq sequence data were sorted based on unique
barcodes and quality‐controlled using Quantitative Insights into
Microbial Ecology (QIIME2, version 2021.4) reads were demultiplexed
using the demux plug‐in (Bolyen et al., 2019). After quality check and
merging of the forward and reverse reads, 6,711,008 reads in total
were obtained with a range between 8,151 and 153,321 reads per
sample. The 16S rRNA gene HT sequencing data were submitted to
Number of
samples

CUE* GYE UIO

4 4 4
oked and served in the same cooked juice with lemon, onion, and 4 4 4

bags or cups, these fruits are prepared and chopped on trays, close 4 5 4

made using unpasteurized raw milk withoutaging. 2 15 5
ashed with tap water, and is not refrigerated. Usually, chicken 8 15 6

cassava root, tomatoes, onions, cilantro, spices and is served with
he soup. The pickled or lime-marinated red onions are what give it

4 4 4

It is an Ecuadorian tropical fruit salad made with fruits including
small pieces and usually has a good amount of orange juice. These
d ice to the center of the bucket to preserve them.

4 4 4

n carts that have refrigerated compartments with ice, the raw meat 7 15 7

nal fruit but mainly with orange, lemon and coconut. 3 5 4
d oil based knows as homemade mayonnaise. 4 4 4
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the National Center for Biotechnology Information (NCBI) under the
accession number PRJNA629846.

Bioinformatic analysis

The paired‐end fastq files were then further processed in the R envi-
ronment v.4.1.3 (R: The R Project for Statistical Computing, 2021)
through the DADA2 pipeline v.1.18.0 (Callahan et al., 2016, 2019).
Taxonomic assignment of the amplicon sequence variants (ASVs)
was performed using the DADA2‐formatted reference SILVA database
and optimized for classification of prokaryotic 16S rRNA gene
sequencing data (v.138.1) at genus and species levels using “as-
signTaxonomy” and “addSpecies” packages, respectively. Species‐
level identification was based on 100% identity between the reference
database and ASVs. When identification at certain taxonomic ranks
was not available, the taxonomic name of its higher classification level
with the word “Unspecified” was assigned (Edgar, 2018; McLaren &
Callahan, 2021).

The tables with the number of reads per sequence of the 16S rRNA
gene, the taxonomic lineage of these sequences, the phylogenetic tree
that relates these sequences to each other, and the contextual samples
metadata with the variables associated were combined in a single
object using the R package “phyloseq” (v.1.34.0) (McMurdie &
Holmes, 2013). Initial data exploration, filtering, and basic microbial
community analysis were conducted using the R package phyloseq.
To perform quality control for the dataset obtained in the phyloseq
object, irrelevant taxa were filtered to exclude ambiguous annotations,
non‐bacterial, and non‐archaeal ASVs. NA or unspecified taxa was for-
matted to show a higher taxonomic level.

Microbial community and statistical analysis

Through taxonomic and compositional analysis, a shared micro-
biome was identified for food samples across sampling cities, “trans_-
venn class” function was used for venn analysis from the “microeco”
R package. Venn analysis was made at the ASV level using the sam-
pling city as group factor where the integer is ASV number and per-
centage data resulted from division quotient between sequence
number and total sequence number, average relative abundances of
shared genera from all observed taxa were calculated among sampling
Figure 1. Top 10 most abundant phyla annotated from each sampling city. Less a
UIO: Quito.

3

cities. The most abundant phyla (RA > 1%) in food samples were pre-
sented by the taxa barplot. Identified species of potential foodborne
bacterial pathogens were also presented by a heatmap using r‐
package “ampvis2”, genera from foodborne grouped taxa were aggre-
gated in y‐axis and then relative abundance of each taxon in each food
sample (x‐axis) was calculated and indicated by gradient coloring of
the tiles.

Alpha and beta diversity analyses were conducted based on the
sequencing data after normalization. The differences among groups
were analyzed by one‐way ANOVA with multiple comparisons of Dun-
can's multiple‐range test, and P < 0.05 was considered as statistically
significant. The same objects used for the construction of the phyloseq
object were used to create an object of microtable class (R6 class)
using “microeco” R package (v.0.4.1) (Liu et al., 2021) to analyze dif-
ferential abundance, redundancy, and functional profiles trough
classes as functions included in the package.
Results

Overview of 16S rRNA gene HT sequencing

The taxonomic assignment using the Silva 138.1 database identi-
fied a total of 2,500 ASVs, including 10 archaea, 2,486 bacteria, three
eukaryotes, and one unassigned ASV. After filtering eukaryotic and
false‐positive taxa, 1,840 bacterial ASVs were classified into 23 phyla,
253 families, 645 genera, and 829 species.
Dominant bacteria among three cities

From the 23 phyla annotated in samples from the three cities, five
dominant phyla together accounted for 99.95% of total RA (Fig. 1),
including Proteobacteria (63.95%), Firmicutes (33.46%), Bacteroidota
(1.03%), Actinobacterota (0.85%), and Campylobacterota (0.65%).

From the 645 genera annotated, 13 belonging to Proteobacteria
showed RA > 1% including Acinetobacter (12.61%), Vibrio (8.23%),
Photobacterium (6.32%), Aeromonas (6.18%), Tatumella (5.03%), Pseu-
domonas (3.92%), Klebsiella (3.49%), Cupriavidus (2.86%), Shewanella
(1.96%), Marinomonas (1.64%), Unspecified‐Enterobacterales
(1.39%), Pseudoalteromonas (1.34%), and Pantoea (1.09%), as well as
bundant Phyla were grouped as “Others”. CUE: Cuenca, GYE: Guayaquil, and
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six Firmicutes genera, including Lactococcus (12.08%), Weissella
(7.43%), Leuconostoc (3.51%), Streptococcus (1.60%), Lactiplantibacillus
(1.46%), and Kurthia (1.31%) (Fig. 2). Although the RA of these genera
varied, a very comparable trend was observed for these genera among
the most dominant foods from all the three cities.
Bacterial composition of the 10 food types

General composition of major bacteria in street‐vended foods in
Ecuador were Proteobacteria and Firmicutes showing the highest rela-
tive abundance overall (Fig. 3). From the 10 types of food samples, raw
meat from chicken and ground beef (22.76% and 17.40%, respec-
tively), cheese (16.91%), encebollados (8.35%), and food dressings
Figure 2. Top 20 most abundant genera annotated from each sampling city. Less a
UIO: Quito.

Figure 3. Heatmap of the top 20 genera detected in food samples and their relativ
given genus (Annotated as Phylum, Genus) in different food samples, and those in ea
food type (Top code) from a given city (Bottom code). Codes for food types are: Bolo
Encebollados (E), Fruit salad (FS), Ground beef (GB), Fruit juices (J), and Food dre

4

(6.52%) together accounted for almost 72% of bacterial taxa
classification.

Since the foods are not categorized into specific groups because of
the nature of each commodity (i.e. variations in a food preparation
among cities), top genera are presented in Table 2 according to RA
showing only taxa above 1% of the threshold.

Venn diagram based on ASVs was further applied to compare the
composition of shared taxa of each food sample among sampling cities
(Fig. 4). For each food type, the dominant taxa tended to be shared by
all three cities. Hence, although a moderate number of ASVs were
shared among the cities, they accounted for over 90% of bacterial
reads. On the other hand, Unique ASVs were identified for each food
type and city. While they represented a significant portion of the ASVs
identified, these ASVs accounted for only a minor percentage of the
bundant genera were grouped as “Others”. CUE: Cuenca, GYE: Guayaquil, and

e abundances (RA%). Values in each row denote the relative abundance for a
ch column denote the relative abundance (RA%) of different genera on a given
nes (B), Ceviches (C), Chopped fruit (CF), Fresh cheeses (CHE), Chicken (CHI),
ssing (S). Cities codes are: Cuenca (CUE), Guayaquil (GYE), and Quito (UIO).



Table 2
Top genera with a relative abundance (RA %) above 1% in each type of food

BOLONES CEVICHE CHOPPED FRUITS CHEESE CHICKEN

GENERA RA % GENERA RA % GENERA RA % GENERA RA % GENERA RA %

Lactococcus 20.61 Lactococcus 22.93 Tatumella 44.86 Vibrio 37.70 Acinetobacter 25.18
Cupriavidus 16.46 Klebsiella 16.64 Lactococcus 7.37 Marinomonas 8.58 Aeromonas 22.11
Leuconostoc 8.23 Acinetobacter 9.06 Leuconostoc 4.29 Lactococcus 7.58 Photobacterium 12.39
Klebsiella 4.77 Leuconostoc 7.92 Cupriavidus 4.20 Streptococcus 6.47 Pseudomonas 8.33
Vibrio 4.61 Unspecified_Carnobacteriaceae 5.64 Pseudomonas 3.91 Pseudoalteromonas 5.43 Shewanella 6.66
Acinetobacter 3.83 Pseudomonas 4.42 Acinetobacter 3.85 Acinetobacter 5.25 Weissella 3.14
Weissella 3.75 Vibrio 4.00 Lactiplantibacillus 3.73 Lactobacillus 3.07 Unspecified_Proteobacteria 3.10
Celerinatantimonas 3.32 Aeromonas 3.53 Photobacterium 2.59 Unspecified_Arcobacteraceae 2.76 Lactococcus 2.82
Companilactobacillus 3.10 Citrobacter 2.73 Weissella 2.27 Klebsiella 2.73 Cupriavidus 1.98
Staphylococcus 2.78 Cupriavidus 2.69 Vibrio 1.87 Celerinatantimonas 2.36 Vibrio 1.73
Photobacterium 2.70 Weissella 2.51 Klebsiella 1.47 Leuconostoc 1.97
Streptococcus 2.41 Photobacterium 2.15 Erwinia 1.36 Cupriavidus 1.71
Renibacterium 2.33 Unspecified_Enterobacterales 1.47 Unspecified_Enterobacterales 1.35 Weissella 1.29
Lactiplantibacillus 2.05 Aeromonas 1.35 Raoultella 1.20
Ralstonia 1.84 Pantoea 1.29 Herbaspirillum 1.11
Pseudomonas 1.33 Marinomonas 1.27 Aeromonas 1.04
Citrobacter 1.26
Aeromonas 1.06
Brochothrix 1.02

ENCEBOLLADO FRUIT SALADS GROUND BEEF JUICES SAUCES
GENERA RA % GENERA RA % GENERA RA % GENERA RA % GENERA RA %
Weissella 33.97 Weissella 41.49 Lactococcus 32.37 Pantoea 16.45 Unspecified_Enterobacterales 14.12
Kurthia 11.51 Tatumella 39.56 Acinetobacter 20.52 Vibrio 12.26 Lactiplantibacillus 12.75
Acinetobacter 9.28 Leuconostoc 10.94 Photobacterium 13.51 Lactococcus 12.13 Leuconostoc 10.21
Leuconostoc 5.71 Klebsiella 1.95 Aeromonas 2.63 Pseudomonas 9.19 Klebsiella 8.68
Klebsiella 5.50 Lactococcus 1.14 Myroides 2.49 Acinetobacter 6.46 Lactococcus 8.42
Paeniclostridium 5.18 Cupriavidus 2.46 Cupriavidus 5.20 Lentilactobacillus 7.16
Lactococcus 4.28 Citrobacter 2.40 Photobacterium 5.13 Weissella 5.80
Pseudomonas 2.92 Pseudomonas 2.36 Weissella 4.06 Acinetobacter 4.86
Lactiplantibacillus 2.85 Klebsiella 1.81 Klebsiella 2.97 Pseudomonas 3.63
Streptococcus 1.61 Hafnia-Obesumbacterium 1.47 Leuconostoc 2.74 Companilactobacillus 3.31
Exiguobacterium 1.38 Undibacterium 1.44 Shewanella 2.20 Photobacterium 3.05
Clostridium sensu

stricto 1
1.32 Clostridium sensu stricto 1 1.30 Unspecified_Enterobacterales 1.59 Levilactobacillus 2.33

Weissella 1.27 Aeromonas 1.50 Shewanella 1.38
Kurthia 1.21 Tatumella 1.39 Yersinia 1.35

Unspecified_Arcobacteraceae 1.28 Pectobacterium 1.30
Streptococcus 1.14
Unspecified_Planococcaceae 1.01
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sequence reads, indicating their low relative abundance in the food
samples.

Occurrence and identification of pathogenic and spoilage bacteria

From the 829 ASVs detected in the taxonomic classification of
DADA2 pipeline, bacteria taxa were grouped according to the litera-
ture. A total of 573 taxa were grouped as “Unspecified” as there was
no hit in species classification, this group accounted for 93.52% of
RA. Among those with species classification, 164 (4.4% of total reads)
were classified as environmental bacteria (EVB), 29 (1.31%) as food
spoilage bacteria (SPB), and 24 (0.48%) as opportunistic pathogenic
bacteria (OPB). Two groups that could be associated with human dis-
ease were identified, including enteric (ENB) and fecal bacteria (FCB)
which are commonly involved in large numbers of foodborne out-
breaks. ENB included 11 species (0.17% of total reads), whereas FCB
involved 26 species (0.08%). Collectively, these bacteria constituted
2.04% of the total Amplicon Sequence Variants (ASVs) classified in
our analysis. Finally, two species of plant pathogenic bacteria
(0.01%) were also identified in 305 ASVs, including Pseudomonas flu-
orescens (0.005%) and Gluconacetobacter liquefaciens (0.001%).

Raw chicken samples showed the highest SPB reads accounting for
2.6% of RA from detected taxa for this food and distributed across
sampling cities in Cuenca (1.8%), Guayaquil (0.5%), and Quito
(0.3%). Raw ground beef showed 1.7% of the total SPB abundance
5

and were present in samples from Guayaquil (1%), Quito (0.4%),
and Cuenca (0.2%). SPB reads were also detected in food dressings
(1.5%), bolones and fruit juices (1.3%), chopped fruits (0.8%),
ceviches and encebollados (0.6%), cheese (0.3%), and fruit salads
(0.1%) from the three cities.

Top SPB species across the three sampling cities included Weissella
ceti (50.36% of FSB reads), Brochothrix thermosphacta (32.16%), Chry-
seobacterium antarcticum (5.40%),Weissella koreensis (2.37%),Weissella
viridescens (2.32%), and Leuconostoc carnosum (1.22%). The distribu-
tion of SPB in food samples from each city is illustrated in Figure 5.

Reads classified as OPB were identified mainly in ground beef
(1.11% of total reads), raw chicken (0.59%), and bolones (0.37%) in
Guayaquil, which is the city with the highest abundance of this bacte-
ria group (0.32%; 18,829 reads). In Quito, OPB was detected in cheese
(0.35%), ceviches (0.17%), and fruit salads (0.02%); while in Guaya-
quil fruit juices (0.31%), encebollados and chopped fruits (0.26%),
and food dressings (0.14%) were sources of OPB.

The main identified OPB reads were Acinetobacter lwoffii (23.06%
RA from OPB reads), Myroides phaeus (20.61% RA), Arcobacter nitrofig-
ilis (8.94% RA), and Corynebacterium stationis (5.72%). Figure 6 shows
the OPB in food samples from each city.

As depicted in Figure 7, Enteric Bacteria (ENB) were primarily
detected in raw ground beef (2.41%) and raw chicken (0.08%) from
Guayaquil city. Similarly, bolones from Cuenca (0.08%), as well as
juice (0.05%), cheese and chopped fruits (0.03%), food dressings



Figure 4. Proportion of shared taxa among food samples from the different sampling cities. The integers denote the ASV numbers for the food sample and the
percentage data denote the relevant sequence number over the total sequence number. Cities codes are: Cuenca (CUE), Guayaquil (GYE), and Quito (UIO).
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(0.02%), encebollados and ceviches (0.01%), and fruits salads
(0.002%) from Quito were sources of ENB. Top taxa within this group
wereMyroides phaeus (54.91% RA), Kurthia zopfii (4.92% RA), and Psy-
chrobacter phenylpyruvicus (2.23% RA), which were predominant in
raw meat from beef and chicken, with their combined abundance
accounting for over 62% of the identified ASVs.

Fecal Bacteria (FCB) group was mostly dominated by Corynebac-
terium stationis (15.24% RA), Streptococcus dysgalactiae (4.52% RA),
Photobacterium damselae (2.04% RA), and Brevibacterium luteolum
(1.07% RA). Guayaquil was the city where these foodborne bacteria
were mostly found. The proportions of FCB detected in total reads of
each food were chopped fruits (0.29%), raw chicken and fruit juices
(0.14%), ceviches (0.10%), bolones (0.09%), raw ground beef
(0.06%), cheese (0.04%), encebollados, fruits salads, and encebollados
(0.01%). Vibrio cholerae (0.60% RA), a known pathogen, was also
detected in low abundance (RA < 1%) from raw chicken, food dress-
ings, raw ground beef, bolones, cheese, and encebollados in Guayaquil
samples. Figure 8 provides a visual representation of the FCB in food
samples from each city.
Diversity of bacterial communities in food samples

The microbial biodiversity of food samples across sampling cities
were estimated based on alpha‐diversity indices. The alpha diversity
measured as Shannon index showed a highly significant difference in
sampling cities (P = 0.000339), with higher diversity in food from
Guayaquil (Fig. 9A). Significant difference in food sample diversity
(P = 0.00001) was contributed by lower diversity in fruit salad sam-
6

ples than the other nine foods. In addition, Shannon diversity in
chicken samples was significantly higher than others (Fig. 9B). Diver-
sity in encebollados and fruit juices in Guayaquil, and fruit salads from
Cuenca showed significant difference among all combinations of food
type and city (P = 0.005) (Fig. 9C).

Bacterial communities differed significantly among food samples
and sampling cities (Bray‐Curti’s dissimilarity: PERMANOVA10,000 per-

mutations: F = 2.629, R2 = 0.183, P = 0.0009; Weighted UniFrac dis-
tance: PERMANOVA10,000 permutations: F = 3.079, R2 = 0.2018,
P = 0.0009). Figure 10 shows Principal coordinate analysis (PcoA)
using Bray and Unifrac distances measures of beta‐diversity to deter-
mine the relativeness of bacterial communities’ food samples among
the three sampled cities Cuenca, Guayaquil, and Quito. Each dot in
the PcoA plot represents an individual sample, plots showed no
changes to the phylogenetic diversity of food samples among cities
as no specific cluster was shown. It was notable that ASVs indicated
in gray arrows (Fig. 10) composed by Photobacterium (ASV‐0002),
Aeromonas (ASV‐0003), Tatumella (ASV‐0004), Lactococcus (ASV‐
0006), Acinetobacter (ASV‐0009), Cupriavidus (ASV‐0011), and Weis-
sella (ASV‐0013) belonging to raw chicken, raw ground beef, chopped
fruits, and fruits salads, respectively, were apart from centroid suggest-
ing these samples contribute to phylogenetic variation in foods among
cities.
Discussion

Street‐vended foods are an important component of the food supply
in Ecuador but might pose a risk to public health due to preparation



Figure 5. Heatmap showing identified food spoilage bacteria species in food samples. Values denote the relative abundance (%) of ASV reads of a given species
(left) among all identified SPB ASVs in a given sample type (Top) and city (Bottom). Codes for food types are: Bolones (B), Ceviches (C), Chopped fruit (CF), Fresh
cheeses (CHE), Chicken (CHI), Encebollados (E), Fruit salad (FS), Ground beef (GB), Fruit juices (J) and Food dressing (S). Cities codes are: Cuenca (CUE),
Guayaquil (GYE), and Quito (UIO).

Figure 6. Heatmap showing identified opportunistic pathogenic bacteria species detected in food samples. Numbers denote the relative abundance (%) of ASV
reads of a given species (left) among all identified OPB ASVs in the given sample type (Top) and city (Bottom). Codes for food types are: Bolones (B), Ceviches (C),
Chopped fruit (CF), Fresh cheeses (CHE), Chicken (CHI), Encebollados (E), Fruit salad (FS), Ground beef (GB), Fruit juices (J), and Food dressing (S). Cities codes
are: Cuenca (CUE), Guayaquil (GYE), and Quito (UIO).
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and handling issues, including the lack of a cold chain for food, tap
water for washing hands and ingredients, and other food handling
practices. Traditionally, the taxonomy classification of bacteria is
based on the isolation and cultivation of microorganisms. However,
most of the microorganisms present in natural environments are not
7

yet culturable by traditional methods (Hugerth & Andersson, 2017;
L. Li et al., 2014; Wu et al., 2020). Innovative molecular techniques
such as microarrays, sequencing, and others make it possible to reveal
the unculturable microbes. The culture‐independent methods based on
NGS improve the elucidation of the biodiversity of various samples,



Figure 7. Heatmap showing identified enteric bacteria species detected in food samples. Numbers denote the relative abundance (%) of ASV reads of a given
species (left) among all identified ENB ASVs in the given sample type (Top) and city (Bottom). Codes for food types are: Bolones (B), Ceviches (C), Chopped fruit
(CF), Fresh cheeses (CHE), Chicken (CHI), Encebollados (E), Fruit salad (FS), Ground beef (GB), Fruit juices (J), and Food dressing (S). Cities codes are: Cuenca
(CUE), Guayaquil (GYE), and Quito (UIO).

Figure 8. Heatmap showing identified fecal bacteria species detected in food samples. Numbers denote the relative abundance (%) of ASV reads of a given species
(left) among all identified FCB ASVs in the given sample type (Top) and city (Bottom). Codes for food types are: Bolones (B), Ceviches (C), Chopped fruit (CF),
Fresh cheeses (CHE), Chicken (CHI), Encebollados (E), Fruit salad (FS), Ground beef (GB), Fruit juices (J) and Food dressing (S). Cities codes are: Cuenca (CUE),
Guayaquil (GYE), and Quito (UIO).
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which can lead to a better understanding of the composition and diver-
sity of bacterial communities and benefit the cultivation and isolation
of target bacteria from samples with complex microbiomes (Dash &
Das, 2018).

Following a previous research (Salazar‐Llorente et al., 2020), we
investigated the foodborne bacteria from 16S rRNA sequencing data
of 10 high‐demand street‐vended foods collected from the three largest
cities in Ecuador. These foods are the most popular in the 3 cities
8

because they are easy to make by street vendors and are highly
demanded by consumers who need ready‐to‐eat low‐cost foods. Simi-
lar street‐vended foods are very common in most Latin America cities
as ingredients are chosen by financial availability and consumer
demand (Simopoulos & Bhat, 2000).

To provide a baseline information about foodborne pathogens
using 16S rRNA sequencing data, we used the DADA2 method to make
species‐level assignments based on exact matching between ASVs and



Figure 9. Shannon diversity among three sampling cities (A), ten food types
(B) and food by cities (C). Letters over each data set denote Duncan’s groups’
significant difference. Boxes denote the interquartile range of the data.
Whiskers extend to the most extreme value within 1.5 times interquartile
range and black dots represent outliers beyond that range. Codes for food
types are: Bolones (B), Ceviches (C), Chopped fruit (CF), Fresh cheeses (CHE),
Chicken (CHI), Encebollados (E), Fruit salad (FS), Ground beef (GB), Fruit
juices (J) and Food dressing (S). Cities codes are: Cuenca (CUE), Guayaquil
(GYE), and Quito (UIO).
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sequenced reference strains in SILVA 138 (100% identity) indicated as
a valid appropriate procedure to assign species to 16S rRNA gene frag-
ments (Callahan et al., 2016; Edgar, 2018; McLaren & Callahan, 2021);
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and as no previous studies using molecular data to investigate micro-
bial communities of foodborne bacteria in street‐vende food in Ecua-
dor have been developed, similar to previous studies using NGS and
16S rRNA molecular data (Lewis et al., 2020; Mira Miralles et al.,
2019; Syromyatnikov et al., 2020). We identified important bacterial
profiles that accounted for 2.04% of the total classified ASVs and have
implications for both food quality and human health, including food
spoilage, opportunistic, enteric, and fecal bacteria.

The occurrence of spoilage bacteria in food samples may help esti-
mate the safety and time of exposure to the environment of the food
before serving. Freshly prepared street‐vended foods are not common
in Latin America, as street vendors prefer to store, recook, or freeze
unsold foods to try to sell them again the next day (Simopoulos &
Bhat, 2000).

When analyzing microbial composition, each food showed Pro-
teobacteria and Firmicutes as the most dominant phyla, with almost
98% of RA. The remaining abundance (>1%) was completed by Bac-
teroidota, which is in agreement with previous food investigations of
street‐vended foods (Jarvis et al., 2018; Y. M. Li et al., 2020;
Rodríguez‐López et al., 2020). Intra‐group abundance assessment
showed notable differences in phyla distribution across sampling
cities, with Guayaquil showing the highest phyla diversity, followed
by Quito and Cuenca.

We found that ground beef, chicken, cheese, encebollados, and
food dressings together contributed to almost 72% of the bacteria taxa
classified, while ceviches, fruit salads, bolones, chopped fruits, and
fruit juices shared approximately 5% of the detected ASVs, accounting
for 28.05% of the bacteria abundance. These foods are commonly sold
to consumers in Ecuador cities with no consideration of the cold chain
management even in hot weather like that in Guayaquil. They were
also found carrying much higher counts of various bacteria, especially
in samples from Guayaquil (Salazar‐Llorente et al., 2020). The high
bacterial counts could be related to the hot weather of this city that
allows bacterial proliferation during display and selling on the streets.
Similar findings of higher counts in raw food were presented by Raza
et al. (2021) that food quality was worse in summer months and that
most of the RTE food tested presented high levels of microbial contam-
ination. The authors noticed that food carts were often placed above
drainage or very close to roads, and that food items for sale might
be contaminated with dust and dirt. All these factors could serve as
a source of microbial contamination for street‐vended foods in the
cities among these developing countries.

As shown in Figures 3 and 4, Acinetobacter, Lactococcus, Vibrio,
Weissella, Photobacterium, Aeromonas, and Tatumella accounted for
almost 58% of the RA in all food samples. These genera are showed
based on its relative abundance (>1%). Different foods, including
raw meat and cheese, cooked fish, fruits, vegetables, and food dress-
ings present diverse surface morphology, tissue composition, and
metabolic activities that make each product a unique ecological niche
for specific microbial groups (Beuchat, 2002). These factors might
explain the significantly different biodiversity that we observed in
food samples. Most of these genera detected belong to groups of col-
iforms and aerobic mesophiles that previously has been found in the
investigations of Salazar‐Llorente et al. (2020) and in other countries
related to foodborne bacteria in street‐vended food (Moloi et al.,
2021b; Salamandane et al., 2021).

For each food type, we identified commonly shared taxa among
sampling cities. Unique ASVs of Lactococcus were present as shared
taxa in bolones, ceviches, raw ground beef, and food dressings. Species
of Lactococcus are commonly found in fermented foods, and their
detection at high level in street‐vended foods would indicate spoilage,
as most of these foods are stored for several days despite its quality
degradation by lactic acid bacteria (LAB) influenced by temperature
and low hygienic handling that subserves LAB proliferation
(Hwanhlem et al., 2017; Kharel et al., 2016; Song et al., 2017).



Figure 10. Principal coordinates analysis (PcoA) reveals no specific clustering using Bray Curtis distance (left) of food samples by sampling city. PCoA plot
computed from unweighted UniFrac distances (right) reveals a clustering from a group of samples with similar composition that also drives differences in the
microbiome. The 10 food types are represented by different symbols and three sampled cities by different colors. Normal confidence ellipses indicate 95%
confidence intervals of multivariate t-distribution around centroids of the groupings. Codes for food types are: Bolones (B), Ceviches (C), Chopped fruit (CF), Fresh
cheeses (CHE), Chicken (CHI), Encebollados (E), Fruit salad (FS), Ground beef (GB), Fruit juices (J) and Food dressing (S). Cities codes are: Cuenca (CUE),
Guayaquil (GYE), and Quito (UIO).
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Fruit salads and chopped fruits harbored Weissella spp. and Tatu-
mella spp. as shared taxa, similar to encebollados that also hadWeisella
species as dominant taxa. Tatumella spp. could indicate food exposure
to fruit flies (Drosophila suzukii), as these bacteria were typically
related to fruit ripening (Chandler et al., 2014; Gurung et al., 2022).
The presence ofWeissella in fruit samples could indicate the overripen-
ing of the fruits, which could lead to ethylene production that in turn
attracts insects such as flies. As a subgroup of LAB, Weisella spp. are
often associated with spoilage of fish or seafood (Lorenzo et al.,
2018; Petruzzi et al., 2017).

Several species of Vibrio were also frequently detected in some food
like bolones, ceviches, cheese, and fruit juices with a RA < 1%. While
some Vibrio species are pathogenic, others are commonly used for cur-
ing in cheese preparation (Woods et al., 2020). Seafood usually carries
Vibrio species because of their ubiquitous presence in water bodies.
Sometimes these bacteria could be rendered unculturable by food
preparation such as sauce marination, which would allow them to pass
culture‐based food quality controls and to cause severe illness once
they reach the human digestion system (Herrera et al., 2010; Mathur
& Schaffner, 2013; Ramirez Martinez et al., 2022; Woods et al., 2020).

LABs were dominantly present in raw food like ground beef and
chicken, and in fruit juices and food dressing samples. Taxa in this
group were associated with spoilage of meat, consistent with findings
by Tsafrakidou et al. (2021), who also detected several subgroups of
LABs including Acinetobacter, Lactococcus, and Lactiplantibacillus when
evaluating storage conditions for raw chicken. Hwang et al. (2020)
using NGS reported several subgroups of LABs that influenced shifts
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in microflora in raw beef, with refrigeration temperatures and environ-
mental factors like weather influencing microflora alteration during
processing, storage, and display of the meat for selling. Street‐
vended juices and food dressings in Ecuador are often exposed to
sun light and ambient temperature. Food handlers generally lack
knowledge of food safety guidelines to store and preserve these foods,
although sometimes food handlers add citric fruits like lemon or
orange to preserve taste (Lobo et al., 2019; Niu et al., 2020). In addi-
tion, containers of these foods are often kept open, further increasing
the risk of contamination from humans and environments, which
could be one of the reasons Klebsiella was detected in food dressings,
similar to previous reports by Hartantyo et al. (2020). Lactobacillus
plantarum is naturally present on fruits (Li et al., 2021). Their detection
in NGS reads could indicate a bad sanitization process of the fruits or
prolonged time in exposition to ambience causing spoilage.

In concur with our previous report (Salazar‐Llorente et al., (2020),
sequencing data of this research confirmed that alpha diversities of
bacterial communities were significantly higher in Guayaquil food
samples than in the other two cities (P < 0.05). The significant differ-
ence observed in microbial diversity among food types could be attrib-
uted to lower diversity in fruit salads and higher diversity in chicken
samples (Fig. 9B). Alpha diversity in encebollados, fruit juices, and
fruit salads was statistically significant (P = 0.005) showing differ-
ences among samples (Fig. 9C). Encebollado preparation requires a
high level of postcooking ingredient manipulation same as fruit prepa-
rations as RTE foods are also hand manipulated. Moreover, vendors
often manipulate raw and cooked food at the same time facilitating
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cross‐contamination; this improper hygiene could contribute to the
high bacterial load observed in these foods (Muriuki et al., 2021;
Salazar‐Llorente et al., 2020).

Bacterial communities showed no differences among food samples
(Fig. 10). Principal coordinate analysis (PcoA) using Bray and UniFrac
distances was used to measure beta‐diversity to determine the related-
ness of bacterial communities’ food samples among the three cities. We
observed no specific clustering in relation to any given city, indicating
the lack of difference in phylogenetic diversity of food samples among
these cities.

Food spoilage bacteria (SPB) are bacteria that cause undesirable
changes in the appearance, smell, taste, or texture of food, making it
unfit for consumption. These bacteria can grow on various types of
food, such as meat, dairy, fruits, vegetables, grains, etc. And they
can affect the nutritional value and safety of food (Azad et al., 2019;
Sanguyo et al., 2021). As shown in Figure 5, there were 29 species
grouped as FSB, of which Weissella ceti (50.36%) and Brochothrix ther-
mosphacta (32.16%) were present in most of the food types sampled,
including raw chicken and beef. Microbiological food spoilage is
caused by the growth of microorganisms which produce enzymes
and objectionable metabolites in the food (Petruzzi et al., 2017). B.
thermosphacta has been associated with the spoilage and the produc-
tion of off‐odors in meat and seafood products (Illikoud et al.,
2018). These bacteria are part of the most common bacteria isolated
from raw meat (Eshamah et al., 2020) and directly influence the qual-
ity and integrity of food with potential implications to human health
(Teixeira, 2021).

SPB are microorganisms that cause foods to develop unpleasant
odors, tastes, and textures. These bacteria can create an environment
that is conducive for the growth of OPB (Gram et al., 2002; Noor
et al., 2019). In this study, OPB were also abundant in raw foods like
meat and cheese, and on cooked food like encebollados from Guaya-
quil and Quito (Fig. 6). Acinetobacter lwoffii (23.06% RA), Myroides
phaeus (20.61% RA), Arcobacter nitrofigilis (8.94% RA), and Corynebac-
terium stationis (5.72%) were the most abundant OPB in these food
types. Nowadays, Acinetobacter and Arcobacter spp. are considered as
potential pathogens of major public health concern due to their resis-
tance to multiple antibiotics and their association with a wide range of
nosocomial and community‐acquired infections like bacteremia, endo-
carditis, peritonitis, gastroenteritis, and diarrhea in humans. Isolation
of these Gram‐negative bacteria from food sources is difficult but
molecular techniques help elucidate their abundance (de Amorim &
Nascimento, 2017). Similarly, M. phaeus has been associated with bac-
teremia (Pérez‐Lazo et al., 2020). Although there have not been
reported human infections, C. stationis is considered pathogenic
(Reimer et al., 2022) as some strains from Corynebacterium genus are
associated with upper respiratory infections (Cavalieri & Knoop,
2007). Despite the use of several Weissella strains in the biotechnolog-
ical field, certain species of this genus have been found to act as oppor-
tunistic pathogens, while some strains of W. ceti were recognized to be
pathogenic (Abriouel et al., 2015).

Enteric bacteria (ENB) usually inhabit the gastrointestinal tract of
both humans and animals. These bacteria can exhibit a range of
pathogenicity, with some strains being benign and others potentially
harmful. Fecal bacteria (FCB), on the other hand, serve as indicators
of fecal contamination in various environmental samples, including
water and food. While FCBs themselves may not be inherently patho-
genic, their presence often implies the potential existence of other
pathogenic organisms originating from fecal matter. Therefore, the
detection of FCB is crucial in assessing the sanitary quality of environ-
mental samples. (Getie et al., 2019). Both bacteria groups can cause
foodborne diseases, such as diarrhea, dysentery, and typhoid fever, if
they contaminate food during production, processing, or handling
(Randazzo et al., 2021; Vicentini et al., 2021).
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M. phaeus (54.91% RA from ENB group), Kurthia zopfii (4.92% RA),
and Psychrobacter phenylpyruvicus (2.23% RA) were the most abundant
human microbiota bacteria, whereas C. stationis (5.53% RA), Strepto-
coccus dysgalactiae (1.62% RA), Photobacterium damselae (2.04% RA),
and Brevibacterium luteolum (1.07% RA) were the most abundant
ENB. These bacteria were found in food samples of chicken and beef,
chopped fruit, and fruit juices. For Myroides, there is a lack of informa-
tion on this genus for public health management, although there has
been at least one case of M. phaeus causing bacteremia, suggesting
the need of more extensive surveillance programs. Zhao et al. (2022)
also found K. zopfii presenting in almost 80% of raw pork samples.
Moloi et al. (2021) reported the detection of pathogenic bacteria
including Staphylococcus aureus, Escherichia coli, and other bacteria
from human sources such as Prevotella bivia or Corynebacterium jeikeium
in street‐vended raw meats, suggesting poor sanitary practices from
food handlers.

Corynebacterium spp. are part of the human microbiota and also
have been found ubiquitously in the environment (Hahne et al.,
2018). Scarce information has been established on the genus
Corynebacterium in foods but may it be involved in the spoilage or
ripening of cheese and meats (Alibi et al., 2016). Infections caused
by S. dysgalactiae subspecies equisimilis have been previously reported
(Brandt & Spellerberg, 2009). However, there is a lack of information
regarding its genetic diversity, profiles of virulence factors (VFs), and
antimicrobial resistance (AMR), especially in regard to food‐related
isolates (Xu et al., 2021).

Vibrio was also detected in different food commodities like raw
meat and food dressings, including pathogenic species causing vibrio-
sis, which is mainly associated with the consumption of raw or under-
cooked seafood (Baker‐Austin et al., 2018; Dutta et al., 2021).
Recently, P. damselae has been associated with skin infections and his-
tamine fish poisoning in humans (Matanza & Osorio, 2020; Yoon et al.,
2020). Using NGS, Khayyira et al. (2020) detected Brevibacterium lute-
olum as an opportunistic pathogen in various sites of the human body,
such as the urinary tract, lacrimal apparatus, and peritoneum.

Campylobacter infections have been associated most often with
poultry, raw (unpasteurized) dairy products, untreated water, and pro-
duce. However, Campylobacter was identified in sauces, ground beef,
and juices but not on the tested chicken samples in this study. The
prevalence of the foodborne pathogens on street‐vended foods might
be different from typical commercial products provided by large food
producers in developed countries. Contamination of Campylobacter in
sauces, ground beef, and juices with an RA < 1% indicated possible
cross‐contamination from food handlers as they usually work close
to other street‐vended foods, i.e. markets, food fairs, etc.
(bioMérieux Industry, 2020; Donnison & Ross, 2014).

It is important to mention that from 879 ASVs detected only 192
were identified and classified taxonomically to species level and sev-
eral important species could have been present but no reported in this
study. As highlighted by Hoffman et al. (2021), the proper choice of
taxonomic database and variable region of the 16S rRNA gene
sequence makes species‐level identification possible. However, one
important limitation is the short region used for the analysis (V3‐V4)
making further research such as shotgun metagenomics and third‐
generation sequencing analysis necessary tools to help elucidate ambi-
guities and additional species.

The presence of these bacterial profiles in sampled ecuadorian
street‐vended food indicates several factors that need to be included
in a hazard analysis such, as the unhealthy conditions provided by
food manipulators as a major cause of food contamination (Amare
et al., 2019; Moloi et al., 2021a; Raza et al., 2021). Often, the unavail-
ability of safe tap water prevents proper cleaning and disinfection of
hands and utensils, including dishes and cutlery that are reused by
consumers (Salamandane et al., 2021). These conditions could have
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serious consequences to consumer health, especially among the more
vulnerable population, where the opportunistic pathogens, among nor-
mal human microflora, could result in disease outbreaks upon con-
sumption of these contaminated foods (Noor et al., 2019). Further
sensory evaluation and longitudinal microbiome studies on different
food commodities in developing countries can benefit the improve-
ment of food quality and safety.

Conclusion

The purpose of this study was to define the baseline microbiomes of
the 10 most popular street foods consumed in the three biggest cities
in Ecuador by 16S rRNA gene HT sequencing. In addition to conven-
tional microbial enumeration, examining food microbiomes based on
HT sequencing data provides a more comprehensive characterization
of the diversity and dynamics of microbial communities in different
foods with low safety standards, which is essential for the improve-
ment of microbial food safety in developing countries such as Ecuador.
Microbiome profiling can facilitate the detection of adulteration or
contamination, and the identification of potential antagonistic bacteria
as biocontrol tools for the food industry. Results derived from this
study expand the knowledge on the bacterial profiling in popular foods
and food sources, which can benefit the development of preventive
strategies to reduce the spoilage and pathogenic bacteria in street‐
vended foods. The information can be utilized in many ways in
food‐related pursuits and to develop food safety and security programs
for the regulation and management of street vendors.
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