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The aim of this review was to understand the research that has

been conducted in South American countries to detect or

quantify major water and foodborne pathogens, with the aim of

identifying advancements and gaps in food safety in the region.

This systematic review focused on the following major bacterial

pathogens: Salmonella spp., Shiga-toxin producing

Escherichia coli, Listeria monocytogenes, and Campylobacter

spp., along with the protozoal pathogens Cryptosporidium and

Giardia. For this review, we searched for research articles

conducted in Argentina, Bolivia, Brazil, Chile, Colombia,

Ecuador, Paraguay, Peru, Uruguay, and Venezuela. This study

identified the following as major advancements: (i) research

articles on pathogens in the food chain in South America have

increased in this decade and (ii) studies have diversified

detection methods in different food groups. In addition, the

following points were identified as major gaps: (i) most of the

food safety research has been conducted in Brazil and

Argentina and (ii) scarce studies have quantified foodborne

pathogens, which is crucial for risk assessment. Strengthening

the scientific evidence of human exposure to major pathogens

in food and water is necessary in this region, and it should be

prioritized in public research funding.
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Introduction
Countries in South America are important producers of

fish, fresh produce, and meat, among other foods [1]. It is
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important to note that many countries in South America

are even food net exporters, meaning that their amount of

food exports are higher than their food imports [1]. This is

very relevant in terms of food safety at the local and global

level, since food produced in South America is consumed

globally. Contamination of water and food is a worldwide

burden affecting public health and the economies of

many countries [2�]. The farm to fork concept has empha-

sized for years the importance of understanding pathogen

contamination in an all-inclusive view, with the aim of

understanding food contamination from water, pre-har-

vest, post-harvest, and finished products [3]. Among

pathogens that are found from farm to fork are bacterial

pathogens, such as Salmonella enterica, Shiga-toxin-pro-
ducingE. coli (STEC), L. monocytogenes, and Campylobacter
spp., which are commonly found throughout the produc-

tion chain [4], along with protozoal pathogens, such as

Cryptosporidium and Giardia, which are mainly found in

water [5,6�]. Although all these pathogens represent

major burdens in South America [2�], the amount of

scientific information on the presence of them in distinct

food groups is inexistent [7]. The main objective of this

review was to understand the research that has investi-

gated the presence of major water and foodborne patho-

gens in South American countries, with the aim of iden-

tifying advancements and gaps in the research conducted

to understand microbiological contamination in the

region.

Methodology
The search of published articles that have investigated

human cases of infection with water and foodborne

pathogens in the target countries was performed using

the electronic database PubMed using the searching

algorithms ‘foodborne + surveillance + South America’

and ‘foodborne + surveillance + country’, which included

searches in Argentina, Bolivia, Brazil, Chile, Colombia,

Ecuador, Paraguay, Peru, Uruguay, and Venezuela. We

excluded articles using the exclusion criteria in Suppl.

Table 1. The search and subsequent review of the

abstracts and/or full texts identified 41 potentially rele-

vant studies that were analyzed. The main bacterial

pathogens that were found to cause most cases of water

and foodborne illness were further analyzed. These

included the following pathogens: Salmonella spp. (10 arti-
cles), STEC (3 articles), Campylobacter spp. (2 articles),

and L. monocytogenes (3 articles). A total of 7 articles were
www.sciencedirect.com
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found for protozoa. It is important to note that, most of the

articles were case reports (13 articles) and articles on

active surveillance upon an event (26 articles) (e.g., an

outbreak). Notably, the major food producers in the

region, Brazil and Argentina, contributed with the major-

ity of the articles, and only a small number of reports came

from the other countries [1]. In addition, more than 50%

of the articles included in this systematic review had been

published in this decade (2010–2017).

Once we identified the main pathogens that accounted for

most human cases of infection reported in scientific arti-

cles in the target country, as described above, we searched

for the research conducted on these pathogens in food and/

or water. The search was performed using the electronic

database PubMed using the following searching algo-

rithms: ‘food + pathogen + country’, ‘food prevalence

+ pathogen + country’, ‘water + pathogen + country’, and

‘water + prevalence + pathogen + country’. Here, we

focused on studies that described the presence and or

quantification of these pathogens in the food chain. The

exclusion criteria are shown in Suppl. Table 1. Using this

approach, we analyzed a total of 208 articles, 54 studied

Salmonella, 44 STEC, 47 L. monocytogenes, 25 Campylobac-
ter, and 38Cryptosporidium andGiardia (Suppl. Table 2). In

eight of these articles, more than one of the listed patho-

gens were studied. In this systematic review, we also

related the number of articles describing foodborne path-

ogen surveillance in humans and the number of articles

about these pathogens in water and food. Using this

database, we identified the following as major advance-

ments: (i) research articles on pathogens in the food chain

in South America have increased in this decade, and (ii)

studies have diversified detection methods in different

food groups; moreover, the following aspects were identi-

fied as major gaps: (i) most of the food safety research has

been conducted in Brazil and Argentina, and (ii) scarce

studies have quantified foodborne pathogens, which is

crucial for risk assessment.

Advancement 1: research articles on
pathogens in the food chain in South America
have increased in this decade
We found 80 articles published between 1980 and 2009,

whereas a total of 128 articles were found that were

published between 2010 and 2017 (Figure 1 and graphical

abstract). It is worth mentioning that many researchers in

South America publish in journals that are not indexed in

the database used [8], which could represent an underes-

timation of the research conducted in microbial water and

food safety. The trend of increasing numbers of publica-

tions in the region is transversal to different disciplines

[8]. Significantly, the studies analyzed have shown that

more techniques for detection are being used, which have

included studies using commercial rapid-detection meth-

ods (e.g., VIDAS) to develop PCR protocols for the

detection of bacterial pathogens, as well as filtration/
www.sciencedirect.com
flotation techniques and PCR protocols for protozoa

detection. In addition, based on our exclusion criteria,

various articles that generated important data on pheno-

typic and genetic characterizations (e.g., subtyping or

whole genome sequencing) of previously isolated bacte-

rial pathogens were excluded, though these articles

denote important scientific data to be further analyzed.

Advancement 2: studies have diversified
detection methods in different food groups
In the analyzed articles, we found that the groups studied

included poultry, swine, beef, eggs, dairy, meat, pro-

cessed meat, retail food, produce, drinking water, and

irrigation water (Table 1 and Figure 1). Most of the

analyzed articles studied the presence of Salmonella
and Campylobacter in the poultry production chain (38 arti-
cles) and the presence of STEC in beef production

(39 articles, mostly published in Argentina). These pro-

duction chains were studies from animals at the farm

though the whole production chain, including the abattoir

environments and carcasses (Table 1). For decades, poul-

try food safety has been one of the major concerns in

terms of microbial contamination [9,10]. Studies in the

region have shown that for researchers in South America,

poultry has been prioritized. For the studies conducted on

L. monocytogenes, dairy (e.g., cheese) has been the food

group most investigated to detect L. monocytogenes, impor-

tantly, cheese is one of the foods commonly attributed to

listeriosis cases. We also found that the microbial quality

of water has been studied, mostly for Cryptosporidium and

Giardia, but also for Salmonella, STEC and Campylobacter
in surface and irrigationwater and drinkablewater (55 arti-

cles). These studies on water safety are relevant, in terms

of food safety, since water used for agriculture is now part

of the important regulatory aspects of the US Food Safety

Modernization Act [11]. In recent food safety outbreaks,

human cases have been associated with the contamina-

tion of different food types, including fruits, vegetables,

spices, and processed foods [12,13]; in South America,

incipient studies have broader the food matrixes com-

monly investigated to include produce, salads, and pro-

cessed meats (Table 1), representing an important

advancement.

Gap 1: most of the food safety research has
been conducted in Brazil and Argentina
Most of the research articles on major water and food-

borne pathogens in South America have been generated

in Brazil and Argentina (Figure 1). This finding is not

surprising since Brazil is the only country that budget

more the 1% of the gross domestic product for research

[8]. A 2015 FAO report showed the total public research

expenditure in agriculture in selected countries in South

America. This report highlights Brazil as the country in

the region with the highest expenditure, followed by

Chile [1]. Our results reflect this difference in expendi-

ture and show a disparity among the studied countries in
Current Opinion in Food Science 2018, 20:38–43
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Figure 1
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Graphical representation of published articles in countries in South America on major water and foodborne pathogens. (a) Number of articles by

country that have studied Salmonella, Campylobacter, STEC, Listeria monocytogenes, and Cryptosporidium & Giardia. (b) Number of total articles

published in South America per decade. (c) Number of articles that studied the target pathogen in distinct food groups.
the number of articles published on food safety, with

Brazil accounting for 54% of all articles analyzed, followed

by Argentina with 21% of the articles, and Colombia with

7% of the articles (graphical abstract). In addition, the
Current Opinion in Food Science 2018, 20:38–43
articles published in Brazil were conducted on more food

groups and used a wider range of methodologies. For

example, in the studies conducted to detect Cryptosporid-
ium and Giardia, techniques such as immunomagnetic
www.sciencedirect.com
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separation (IMS) and direct immune fluorescence assays

(DFA) were used, which are sophisticated techniques for

pathogen detection. Importantly, the use of both IMS and

DFA is recommended in method 1623-1 of the US

Environmental Protection Agency [14]. This indicates

that these are well recognized methodologies. Regarding

Cryptosporidium and Giardia, 37 studies included in the

analysis were performed in water sources and only 1 was

performed in food (produce). This finding is interesting as

although both parasites have commonly been detected in

water (including drinking water, superficial water, and

residual water), there are few investigations on the pres-

ence of these protozoa in food that could have been

irrigated with those waters. More studies should be con-

ducted on superficial water used to irrigate crops and

produce that is destined to be consumed by humans. Our

revision indicates the need to generate more scientific

data on the detection of foodborne pathogens in food and

water in many of the South American countries.

Gap 2: scarce studies have quantified
foodborne pathogens, which is crucial for risk
assessment
In our revision, we found that 5/54 studies counted

Salmonella, 3/25 studies counted Campylobacter, 2/44

counted STEC, and 18/38 studies counted Cryptosporid-
ium and Giardia. The FAO/WHO Coordinating Commit-

tee for Latin America and the Caribbean (CCLAC) report

in 2014 recommended increasing the data on consumer

exposure to foodborne pathogens [15]. Current articles

mostly report the presence of important water and food-

borne pathogens in distinct food groups, but not the

amount of these pathogens present in a given food.

The counts of pathogens in different food groups is

crucial information to be used in quantitative risk assess-

ments. This can help to determine the risk of a given food

for consumers, critical information for risk-based decision

making [16�]. Unfortunately, in South America, we found

very few studies that have made this information

available.

Actions in food safety regulation, training, and
agreements in South America
In the region, we have demonstrated a market increase in

food safety research (Figure 1). However, a number of

important events that have encouraged this research have

not been published in indexed journals but instead are

available in governmental or organizational reports (e.g.,

FAO or WHO). Examples of significant events might

include the Bovine Spongiform Encephalopathy (BSE)

scandal in 1989 [17], the creation of the Asia-Pacific

Economic Cooperation (APEC) in 1989 [18], the Uruguay

Round Agreements in 1994 [19], the creation of PulseNet

in 1996 [20], and the creation of PulseNet in Latin

America and the Caribbean in 2004 [20]. It is worth

mentioning that most of the events have been encouraged

by the regulatory aspects of the destination market of
Current Opinion in Food Science 2018, 20:38–43
food produced in the region [3], since market access

drives food safety efforts in South America [15]. In terms

of articles available on the presence of these pathogens in

food, it appears that reports of human cases and outbreaks

are the major drivers of research (Figure 1). Promising

new technologies, such as Next-Generation Sequencing,

could improve foodborne surveillance [21]. The fact that

outbreaks can be traced back to a single processing plant

in a remote country [22] may modify the current scenario.

Thus, we expect research in this region to continue

increasing in the following years.

Conclusions
In South America, both water and food safety are relevant.

These countries are important members of the global

food trade, with a variety of foods being consumed locally

and exported globally. Although research articles in the

field of food safety appear to have increased, important

gaps in the current knowledge need to be filled. It is

necessary to strengthen human capability to conduct good

quality research that can be published in indexed journals

with global access. In order to scientifically report human

exposure to major pathogens in water and food, financial

resources to generate these important data are crucial.
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