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Abstract: In 2009, the burden of illness study for acute gastroenteritis in Trinidad and Tobago
highlighted that ~10% of stool samples tested were positive for a foodborne pathogen. The study also
noted that limited laboratory screening for pathogens contributed to a lack of etiology as public health
hospitals only routinely tested for Salmonella and Shigella, and sometimes for Escherichia coli and
Campylobacter. To better understand the foodborne pathogens responsible for acute gastroenteritis,
enhanced testing using the BioFire® FilmArray® Gastrointestinal PCR panel was used to screen
diarrheal stool samples for 22 pathogens from patients in 2018. The five general public health
hospitals (San Fernando, Mt. Hope, Port of Spain, Sangre Grande, and Tobago) were notified of
research activities and diarrheal stool samples were collected from all acute gastroenteritis patients.
A total of 66 stools were screened and ~30% of samples tested positive for a foodborne pathogen.
The current study showed that a much wider range of enteric pathogens were associated with acute
gastroenteritis in Trinidad and Tobago than previously reported in 2009. These findings can be used
by health officials to guide appropriate interventions, as well as to provide evidence for adoption of
the PCR panel detection method at public health hospitals to benefit patient care.

Keywords: diarrhea; molecular diagnostic tool; enhanced foodborne pathogen testing; public health;
Trinidad and Tobago

1. Introduction

Acute gastroenteritis is an inflammation of the gastrointestinal tract that may result
in the sudden onset of symptoms such as abdominal pain, cramping, nausea, vomiting,
and diarrhea. This illness, ranging from mild to severe, is usually caused by consumption
of food contaminated with harmful bacteria, viruses, parasites, or chemical substances
and is responsible for significant cases of morbidity, disability, and mortality globally [1,2].
The World Health Organization (WHO) estimated that approximately one in ten persons
globally fall ill and more than 6 billion global cases of diarrheal illness occur annually [3].
The illness was also reported to affect nearly 135,000 residents in Trinidad and Tobago
each year and is one of the most flagged syndromes for the Caribbean, causing significant
health and economic burdens in the region [4,5] Globally, the most common reported
foodborne pathogens transmitted to humans through contaminated food were Salmonella,
Campylobacter, Shigella, pathogenic Staphylococcus aureus, Escherichia coli 0157:H7, Yersinia,
Bacillus, Listeria monocytogenes, Vibrio, rotavirus, and norovirus [6–8]. Surveillance data
from the Caribbean have reported an increase in the number of acute gastroenteritis
cases, foodborne disease outbreaks, and related pathogens over the last two decades, with
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non- typhoidal Salmonella, Ciguatera poisoning, Salmonella typhi, Shigella, Campylobacter,
norovirus, and pathogenic Escherichia coli causing most infections [6]. The capacity to
accurately identify these causative foodborne pathogens and others is critical to finding or
prescribing effective patient treatment, as well as to assist in determining etiology during
foodborne outbreaks for quick control and prevention of future occurrences [9].

In 2009, the burden of illness for acute gastroenteritis was estimated in Trinidad and
Tobago. In that study, the five general public health hospitals (San Fernando, Mt. Hope,
Port of Spain, Sangre Grande, and Tobago) which provide health care to the majority of the
population, processed and tested >80% of all acute gastroenteritis ill patient’s stool samples;
laboratory findings indicated that 10% of all samples tested positive for a foodborne
pathogen, and the main method of screening stools was by use of traditional culture
practices which provided limited data on the etiology of illness as they only “routinely”
tested for Salmonella and Shigella and “sometimes” tested for E. coli and Campylobacter
based on the physician’s request [5]. The use of molecular techniques and other nucleic
acid-based methods, even though more costly than traditional culture techniques, were
reported to offer highly sensitive and specific automated reliable results with shorter
turnaround times [10]. Further analyses involving the use multiplex molecular assays for
the detection of common foodborne pathogens in stool samples observed that these panels
detected the most gastrointestinal pathogens when compared to conventional methods,
and that the Food and Drug Association-approved PCR-based test panel, the BioFire®

FilmArray® Gastrointestinal (GI) Panel (BioFire Diagnostics, Salt Lake City, UT, USA),
was a top performer among other molecular-based detection tools [10–12]. The BioFire
FilmArray test panel was also reported to rapidly detect and identify foodborne pathogen
genes in ill patients, which resulted in shorter turn-around times, with accurate, highly
sensitive (98.5%), and specific (99.2%) results to benefit patient care [13–15].

A review of current research indicated that there were no follow-up studies conducted
after 2009 with regards to enhanced testing for a wider range of foodborne pathogens from
acute gastroenteritis patients in Trinidad and Tobago. The ability to test for such pathogens
is critical to expand on the etiology of this illness since the current testing method only
provides limited data for approximately four (4) pathogens. Use of the BioFire FilmArray
PCR panel in this study can be useful to provide the critical etiological data being sought
as this PCR panel can test for thirteen (13) foodborne bacteria, five (5) viruses, and four (4)
parasites per acute gastroenteritis patient’s stool sample. Additionally, literature searches
on the use of this PCR panel in Trinidad and Tobago or even the wider Caribbean Region
could not be found, and therefore, this research could be considered novel. Hence, the
data obtained in this study could be used to assist in guiding health officials to prevent
and treat this illness, as well as to provide baseline data for future investigative studies on
acute gastroenteritis in Trinidad and Tobago. The objectives of this study were, therefore,
to determine by detection the pathogens responsible for acute gastroenteritis through
enhanced testing using the PCR panel, and to even further recommend whether its use
could be adopted for future testing at public health hospitals in Trinidad and Tobago.

2. Materials and Methods
2.1. Research Design

Diarrheal stool samples were prospectively collected from patients (<5 years old and
>5 years old) diagnosed with acute gastroenteritis at the five general public hospitals in
Trinidad and Tobago and screened for 22 foodborne pathogens in 2018 using the BioFire
FilmArray PCR panel.

2.2. Assumption

This study assumed that the doctor’s diagnosis was accurate when patients presented
at public health hospitals for acute gastroenteritis based on the case definition of “>3 loose
stools in a 24 h period and other typical symptoms of acute gastroenteritis”. Therefore,
all stool samples submitted and tested were due to this illness.
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2.3. Ethical Approval

Ethical approval for this study was granted from the Ethical Review Board of the
University of the West Indies and the Review Committee of the Ministry of Health, Trinidad
and Tobago. Each participant was informed of the purpose of the study and all data
collected were kept confidential.

2.4. Collection of Stool Samples for Pathogen Testing and Sample Size

In January 2018, doctors and nurses at the five general public health hospitals
(San Fernando, Mt. Hope, Port of Spain, Sangre Grande, and Tobago) were requested
to collect a stool sample from all patients (<5 years old and >5 years old) diagnosed with
acute gastroenteritis at their facility for a one-year prospective study. These major hospitals
provided a good representative cross-section of the 1,300,000 residents in Trinidad and
Tobago who opt to seek healthcare for their illnesses. The case definition for an acute
gastroenteritis patient was “the sudden onset of diarrhea, with or without fever (>38 ◦C
or 100.4 ◦F) and presenting with 3 or more loose/watery stools in the past 24 h, with or
without dehydration, vomiting, and/or visible blood”. Therefore, in 2018 the sample size
included all patients presenting at the public health institution with 3 or more loose/watery
stools in a 24 h period. Once the patient agreed to partake in the study, their demographic
data along with a fresh stool sample (approximately 1–25 g of liquid stools and/or rectal
swabs) were collected and immediately screened for foodborne pathogens according to
established laboratory protocols and the manufacturer’s recommended methodology for
the PCR panel [16]. During the months of January to December 2018, sample collection
was sparse, averaging 5–6 samples per month as many persons tend to self-treat for acute
gastroenteritis and even with several sensitization sessions held with the public health
hospitals’ personnel, patients seeking healthcare were still reluctant to submit stool samples,
and for those patients who opted to seek private healthcare, they would not have been
captured by the public hospitals [17]. A total of 66 diarrheal stools were prospectively
collected from patients (<5 years old and >5 years old) diagnosed with acute gastroenteritis
at the five general public hospitals and screened for 22 foodborne pathogens in 2018.

2.5. Polymerase Chain Reaction Panel
2.5.1. Foodborne Pathogens for Testing

The pathogens for testing with the BioFire Gastrointestinal Panel were preselected
and included: Campylobacter (jejuni, coli, and upsaliensis); Clostridium difficile (toxin A/B);
Plesiomonas shigelloides; Salmonella; Yersinia enterocolitica; Vibrio (parahaemolyticus, vulnifi-
cus, and cholerae); Vibrio cholerae; Enteroaggregative E. coli (EAEC); Enteropathogenic E.
coli (EPEC); Enterotoxigenic E. coli (ETEC) lt/st; Shiga-like toxin-producing E. coli (STEC)
stx1/stx2; E. coli O157; Shigella/Enteroinvasive E. coli (EIEC); adenovirus F40/41; astro-
virus; norovirus GI/GII; rotavirus A; sapovirus (I, II, IV, and V); Cryptosporidium; Cyclospora
cayetanensis; Entamoeba histolytica; and Giardia lamblia.

2.5.2. Detection of Foodborne Pathogens

The PCR panel is an automated in-vitro diagnostic (IVD) system which uses nested
multiplex PCR and high-resolution melting analysis to detect and identify multiple nucleic
acid targets from the diarrheal stool samples. Nest multiplex PCR utilizes two stages
of PCR. In the first stage, multiple outer primers perform multiplex PCR on the target
template that are present in the sample, while the second stage PCR is performed in a
singleplex manner, further amplifying the DNA procured during the first stage PCR. The
inner primers which are used in the second-stage PCR are made of sequences “nested”
within the first-stage PCR products. LC Green® Plus is used as the binding dye which is
incorporated into copies of DNA as they are produced during each PCR cycle. After the
last stage PCR, the instrument gradually increases the temperature of the reaction to 72 ◦C
and the copies of the double stranded DNA melt. The LC Green® Plus dye is then released
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and a decrease in the fluorescence is detected by the FilmArray instrument. The time taken
to complete the test is <2 h [16].

2.6. Data Analysis

Descriptive statistics to summarize the characteristics of the dataset in terms of food-
borne pathogens detected from acute gastroenteritis patients who sought health care were
performed using SPSS 24 (IBM Corp., Armonk, NY, USA).

3. Results and Discussion
3.1. Foodborne Pathogens Detected Using the PCR Panel from Stool Samples

In 2018, based on a doctor’s accurate diagnosis for acute gastroenteritis, all stool sam-
ples from all patients (n = 66) diagnosed with the illness were each tested for 22 pathogens,
and nearly 30% (n = 20) of patients tested positive for a foodborne pathogen. The major
pathogens detected were Enteropathogenic E. coli (~20%), Campylobacter (~8%), Salmonella
(~5%), and Enteroaggregative E. coli (~5%), as seen in Figure 1, indicating that there are
other pathogens detected to cause acute gastroenteritis illness apart from the ones routinely
tested for at the public hospitals. This was the first recorded study in Trinidad and Tobago,
and the wider Caribbean Region, on the use of the BioFire Gastrointestinal Panel to test for
foodborne pathogens from stool samples submitted by patients ill with acute gastroenteritis.Microorganisms 2022, 10, x FOR PEER REVIEW 5 of 12 
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Figure 1. Foodborne pathogens detected using PCR in Trinidad and Tobago, 2018.

3.2. Foodborne Pathogens Responsible for Acute Gastroenteritis Illness in Trinidad and Tobago

Data generated in this research differed in both sample size and detection method
from the 2009 study, and while direct comparisons could not be drawn, the pathogens
detected from both studies suggested that there are more pathogens responsible for acute
gastroenteritis in Trinidad and Tobago than previously reported and currently tested. Ac-
cording to data sourced from the Caribbean Public Health Agency’s Laboratory Information
System (LABIS), foodborne pathogens reported by the Ministry of Health, Trinidad and
Tobago, for the period 2006–2016 included adenovirus, Campylobacter, E. coli, norovirus,
Salmonella, and Shigella. Thus, even with a small sample size in 2018, the additional
etiological information gathered from this research can still provide a baseline for further
studies to assist health officials in guiding appropriate interventions.
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Foodborne bacteria were the most prevalent pathogens detected in stool samples
from ill patients in this study and were also reported to be responsible for 10% to 55%
of all diarrheal cases in developing countries that caused more severe cases of acute
gastroenteritis [18,19]. In 2009, Salmonella was the leading pathogen responsible for acute
gastroenteritis in Trinidad and Tobago, while in 2018, many patients were co-infected with
two bacteria spp., namely EPEC and Campylobacter. EPEC and other mono infections are
usually self-limiting but co-infections with other pathogens were reported to increase the
severity of this illness [12,20–22].

Identification of foodborne pathogens is crucial to controlling and preventing related
illnesses and associated burdens [23]. Data reported in this research and by LABIS indicated
that in Trinidad and Tobago, the foodborne pathogens detected to cause acute gastroenteritis
were Salmonella, Shigella, norovirus, rotavirus, Campylobacter, Clostridium difficile, E. coli,
adenovirus, and sapovirus. The Centre for Disease Control and Prevention (CDC) reported
that, in the USA, adult bacterial related infections were often associated with travel and
pathogens such as Salmonella, Campylobacter, Shigella, and Shiga toxin-producing Escherichia
coli (enterohemorrhagic E. coli) were identified as the cause [24]. Norovirus was identified
as the leading cause of viral gastroenteritis in the adult population, while in children most
cases (70%) were caused by rotavirus and norovirus; ~10% by protozoa; and ~10% to 20%
by bacteria [25–27]. One diarrheal disease study in children also reported that even though
bacterial pathogens were the major group of organisms responsible for the disease, rotavirus
was still the single largest causative agent [28]. Generally, many foodborne pathogens
can be transmitted in the same way, including animal to human interaction, consuming
contaminated food or drink, ill food handlers, and transfer by contaminated surfaces and
utensils [29,30]. In addition, with increased international travel and globalization of the
food industry, all foodborne pathogens should be monitored and appropriate preventative
strategies such as adequate sanitation, food hygiene, targeted health education, and access
to safe water for drinking should be encouraged [31,32].

Our research also found that most (58%) stool samples tested did not have a definitive
causal agent. This finding was consistent with reports by the CDC in that unidentified
etiology was reported to contribute to more episodes of acute gastroenteritis and foodborne
illnesses than detected pathogens [33]. Possible reasons for unidentified causal agents
in Trinidad and Tobago may include limited pathogen screening as almost 31 foodborne
enteric pathogens were identified and reported to cause illness and our study screened
for 22 [34]. Hence, pathogens such as Bacillus cereus, Brucella spp., Listeria monocytogenes,
Mycobacterium bovis, Staphylococcus aureus, Streptococcus spp. group A, Toxoplasma gondii,
Trichinella spp., and hepatitis A virus, which were not tested for in our study, could have
been other causative agents. Other possibilities for not identifying a causal agent include
that: it may not be a pathogen in the first place but perhaps a toxin or some underlying
condition of the patient; the casual organism was no longer present within the patient’s
system since diarrhea is the body’s mechanism to expel toxic materials; or the agent
responsible has not yet been identified or remains unproven as causing a foodborne
illness [35–38]. Therefore, with continuous surveillance, research activities, and testing for a
wider range of pathogens, the gap between identified and unidentified could be narrowed.

3.3. Use of the PCR Panel in Public Health Hospitals, Trinidad and Tobago

The detection rate for foodborne pathogens in our study was lower than that reported
in other studies, but so was our sample size [11,39–42]. Nevertheless, this PCR panel
detected a positive pathogen in ~30% of all samples tested in less than 2 h. The detection
of sapovirus in this study was also noteworthy as limited to no data currently exist for
this pathogen as an important cause of acute gastroenteritis in Trinidad and Tobago and
considering the growing awareness for sapoviruses in child healthcare, further investigative
studies are needed [43]. The traditional culture testing method presently employed at the
public health hospitals generally yields results after 24 h and was reported in past studies to
be erroneous, time consuming, and at the discretion of physicians’ request [44–46]. Use of
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this PCR panel was also described to rapidly and accurately identify causal pathogens and
coinfections, which resulted in the administration of treatments sooner; reduced antibiotic
use for “just in case” scenarios; targeted antibiotics therapy started sooner; shorter hospital
stays; and reduced morbidity/mortality associated with foodborne illnesses [13,15,47].
Further investigations regarding turnaround times for collection of stools from patients
and initiating therapy with cost analysis are also needed, but until then, this PCR panel
can be introduced and used at all public health hospitals in Trinidad and Tobago to benefit
patient care.

3.4. Demographic Factors and Foodborne Pathogens Detected from Acute Gastroenteritis Patients
in Trinidad and Tobago

In 2018, more samples were submitted from acute gastroenteritis patients who were
>5 years old, males, and attended the Sangre Grande General Hospital (Table 1). Eight of
the positive patients were co-infected with two pathogens, and most co-infections were
observed from >5-year-old males who sought health care at the Sangre Grande General
Hospital (Table 2). In our study, 100% of co-infections observed involved EPEC and another
bacterium. This finding was higher than other studies involving two or more organisms
detected which involved EPEC and EAEC [15,41,48]. Similar to our study, one study in-
volving ten participating clinical microbiology laboratories in Austria, Finland, France,
Germany, Greece, Ireland, Italy, Portugal, Romania, and the UK, and other studies in Costa
Rica and South India, also commonly observed high co-infection rates of Campylobacter
with EPEC [49–51]. However, such studies failed to provide explanations for these findings
or whether microbes were more likely or less likely to occur together or if cases were
population specific [20,52–55]. Thus, high coinfection rates indicated varied but common
etiology for acute gastroenteritis in Trinidad and Tobago, which warrants further investiga-
tions using larger datasets to explain these findings. All Campylobacter and ~62% of EPEC
pathogens detected were from patients who sought health care at the Sangre Grande Gen-
eral Hospital (Table 2). The catchment population for the Sangre Grande General Hospital
is ~120,000 residents spanning from Matelot in the North to Guayaguayare, Rio Claro, and
Brothers Road in the South to Valencia in the East and covering approximately one-third
of the island. This area is sparsely populated and some districts within are considered
to have poverty levels higher than the national level. Two-thirds of this region are rural
with agriculture (fishing and farming, including chicken farms) as major activities [56,57].
In 2018, the National Meteorological Station reported major flooding activities that affected
many residents in this area [58]. All these factors may increase the risk of these residents to
Campylobacter infections since multiple studies have reported more human Campylobacter
infections in rural areas when compared to urban, with occupation (agricultural related
work); handling of livestock (chickens, cattle); and exposure to contaminated water sources
from flooding episodes as source attributions [59–63]. Strategies suggested by the Center
of Disease Control and Prevention (CDC) to mitigate the risks of infection in a catch-
ment area like this include targeted educational campaigns such as disease awareness
and proper hygiene techniques among agricultural workers; cleaning and sanitizing of
hands, tools, and equipment; and not drinking untreated water, especially after flooding
episodes. However, further investigations with a larger sample size are recommended to
determine whether associations between locations and pathogens occur as samples were
collected during different months in 2018 and could suggest infection was not a cluster
with one source.
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Table 1. Demographic factors associated with foodborne pathogens detected via PCR panel from
acute gastroenteritis patients in Trinidad and Tobago, 2018.

Demographics Factors
Foodborne Pathogens Detected via PCR in Trinidad and Tobago, 2018 (n = 28)

Campylobacter Clostridium difficile Salmonella EAEC EPEC Adenovirus Norovirus Sapovirus

Age group <5 1 0 0 2 4 0 0 0
>5 4 1 3 1 9 1 1 1

Sex
Female 1 0 2 0 5 0 0 1
Male 4 1 1 3 8 1 1 0

Public
Health

Hospital

Sangre Grande 5 0 1 2 8 0 0 0
Mt. Hope 0 1 1 0 2 1 1 1

Port of Spain 0 0 0 1 3 0 0 0
San Fernando 0 0 1 0 0 0 0 0

Tobago Φ - - - - - - - -

Φ No samples received from the Tobago General Hospital.

Table 2. Co-infections detected via PCR panel from acute gastroenteritis patients in Trinidad and
Tobago, 2018.

Demographic Factors Co-Infections Detected via PCR from Acute Gastroenteritis
in Trinidad and Tobago, 2018 (n = 8)

Age Group Sex Public Health Hospitals Foodborne Pathogens

>5 years Male Sangre Grande EPEC and Campylobacter
<5 years Female Sangre Grande EPEC and Campylobacter
>5 years Male Sangre Grande EPEC and Campylobacter
>5 years Male Sangre Grande EPEC and Campylobacter
>5 years Male Sangre Grande EPEC and Campylobacter
>5 years Female Sangre Grande EPEC and Salmonella
<5 years Male Mt. Hope EPEC and EAEC
<5 years Male Sangre Grande EPEC and EAEC

Enteropathogenic Escherichia coli (EPEC) is a gram-negative bacterium that adheres
to intestinal epithelial cells and causes diarrhea, with outbreaks reported mainly among
children in pediatric wards and day-care centers [64–67]. Even though typical strains of
EPEC were reported to cause infantile diarrhea within the community and hospital settings,
in our study nearly 70% of patients were over the age of 5 years, which may suggest new
possible strains of this pathogen-with both humans and animals as reservoirs, and therefore,
further investigations with larger sample sizes are needed to confirm if this is the situation
in Trinidad and Tobago [68–71]. Additionally, EPEC strains in Trinidad and Tobago should
be further characterized to determine whether new pathotype or atypical EPEC strains
exist. Targeted efforts to reduce infection rates by this pathogen in Trinidad and Tobago
include proper hygiene, especially when interacting with animals.

4. Conclusions

Acute gastroenteritis can affect any person at any time along the farm to table con-
tinuum but may be prevented once proper food safety systems are in place. To better
understand and guide appropriate interventions to prevent this illness, routine monitor-
ing; surveillance activities; and identification of pathogens are essential. In our study,
even though the sample size was small, there were other pathogens detected to cause
acute gastroenteritis illness apart from the ones routinely tested for at the public hospitals.
The pathogens identified in this research that caused illness included: Salmonella, Shigella,
norovirus, rotavirus, Campylobacter, Clostridium difficile, E. coli, adenovirus, and sapovirus.
It was observed that more samples were submitted from acute gastroenteritis patients who
were >5 years old, males, and attended the Sangre Grande General Hospital. Further inves-
tigative studies are required to establish any relationship between location and pathogens
detection from ill patients seeking healthcare.
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All foodborne pathogens detected can be transmitted in similar ways, including by
animal to human interaction, consuming contaminated food or drink, ill food handlers,
and transfer by contaminated surfaces and utensils. To mitigate the risk of this illness,
appropriate preventative strategies such as adequate sanitation, food hygiene, targeted
health education, and access to safe water for drinking are needed. This research was the
first recorded study in Trinidad and Tobago and the wider Caribbean Region on the use
of the BioFire gastrointestinal panel to test for foodborne pathogens from stool samples
submitted by patients ill with acute gastroenteritis. This PCR panel allowed for the fast
detection of a wide range of pathogens including sapovirus, for which there are no reported
studies conducted in Trinidad and Tobago examining it as a cause of acute gastroenteritis,
as well as coinfections with two pathogens which would probably not have been detected
given the present diagnostic method at the public health hospitals. Hence, data from this
study can be used as a baseline in future acute gastroenteritis etiological studies, provide
evidence for health officials to guide interventions for the prevention of future foodborne
related illnesses, and recommend the adoption and use of this PCR panel at each public
hospital to allow for better patient care in terms of the administration of appropriate
treatments sooner and ultimately an overall decrease in morbidity/mortality associated
with foodborne illnesses in Trinidad and Tobago.

5. Limitations

Due to ethical reasons and patient confidentiality, patient data/history were limited
and as such more rigorous analyses/inferences could not be made.
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