
SHORT COMMUNICATION
-

AUTHORS

Kassiani Mellou  PhD, Epidemiologist

Theologia Sideroglou  MSc, Public Health Nurse

Chrysovalanti Kefaloudi  MSc, Environmental Scientist

Kyriaki Tryfinopoulou  PhD, Microbiologist

Anthi Chrysostomou  MSc, Public Health Nurse

Georgia Mandilara  PhD, Laboratory Expert

Maria Pavlaki  MD, Internist and Infectious Diseases Specialist

Helena C Maltezou  MD, PhD, Pediatrician and Infectious Diseases Specialist *

CORRESPONDENCE
*Prof Helena C Maltezou helen-maltezou@ath.forthnet.gr

AFFILIATIONS
 Directorate of Epidemiological Surveillance and Intervention for Infectious Diseases, National Public Health Organization, 3-5

Agrafon Street, Athens 15123, Greece

 Directorate of Epidemiological Surveillance and Intervention for Infectious Diseases, National Public Health Organization, 3-5 Agrafon
Street, Athens 15123, Greece; and European Programme for Intervention Epidemiology Training, European Centre for Disease Prevention
and Control, Gustav III Boulevard 40, Solna 16973, Stockholm, Sweden

 Central Public Health Laboratory, 34 A. Fleming Street, Vari, Greece

 National Reference Laboratory for Salmonella-Shigella, Department of Public Health Policy, School of Public Health, University of West
Attica, 196 Alexandras Ave, Athens 111521, Greece

 Infectious Diseases Unit, Health Care Unit of Argos, General Hospital of Argolida, 191 Korinthou Ave, 21200 Argos, Argolida, Greece

 Directorate of Research, Studies and Documentation, National Public Health Organization, 3-5 Agrafon St, Athens 15123, Greece

PUBLISHED

Rural and Remote Health rrh.org.au
James Cook University ISSN 1445-6354

1

2

3

4

5

6

7

8

1, 2, 5

3

4

6

7

8



28 July 2021 Volume 21 Issue 3

HISTORY
RECEIVED: 12 January 2021

REVISED: 1 June 2021

ACCEPTED: 1 June 2021

CITATION
Mellou K, Sideroglou T, Kefaloudi C, Tryfinopoulou K, Chrysostomou A, Mandilara G, Pavlaki M, Maltezou HC.  Waterborne outbreak in a
rural area in Greece during the COVID-19 pandemic: contribution of community pharmacies. Rural and Remote Health 2021; 21: 6630.
https://doi.org/10.22605/RRH6630

This work is licensed under a Creative Commons Attribution 4.0 International Licence

ABSTRACT:
Introduction:  On 15 June 2020, the National Public Health
Organization was informed about the identification of two cases of
Escherichia coli Ο157 infection in a small town in the Peloponnese
Region in Greece and we suspected an outbreak.
Methods:  We asked the local pharmacist to assist us to verify the
outbreak by providing the daily number of over-the-counter anti-
diarrheal drugs sold from 20 May 2020 onwards. The pharmacist
asked customers with gastroenteritis to submit stool samples at
the local hospital. Samples were tested for 22 pathogens. We
conducted a 1 : 1 case-control study. Cases and controls were
retrieved from the pharmacy client list. Chlorination records of the
water supply system were retrieved, and water samples were
tested for microbiological indicators and viruses.
Results:  The increased number of sales of anti-diarrheal drugs
verified the outbreak. Overall, 58 cases and 57 controls were
recruited for the study. Tap water consumption (odds ratio

(OR)=10.9, 95% confidence interval (CI)=3.1–38.0, p<0.001) and
consumption of ice cubes made from tap water (OR=39.3,
95%CI=10.3–150.9, p<0.001) were independently associated with
gastroenteritis occurrence. Eleven stool samples were tested; one
was positive for shigatoxin-producing E. coli, one for
enteropathogenic E. coli, four for E. coli O157 and one for
Salmonella spp. Four samples tested negative. Five water samples
collected on 18 June tested negative. The residual chlorine on 5
and 14 June ranged from 0.12 mg/L to 0.14 mg/L.
Conclusion:  This was the first investigation of a waterborne
outbreak in Greece performed with the collaboration of a local
pharmacy. The COVID-19 pandemic favored the use of alternative
resources and channels of communication with the local
population, which can also be used in the future, especially in
remote areas of the country.

Keywords:
case-control study, community pharmacies, COVID-19, Greece, over-the-counter anti-diarrheal drugs, waterborne outbreak.

FULL ARTICLE:
Introduction

Outbreaks of waterborne pathogens constitute a public health
concern, as large numbers of people can be infected within a short
time . Very frequently, their identification may be delayed as
infected people may choose self-treatment with over-the-counter
(OTC) anti-diarrheal drugs instead of seeking care from a health
professional .

In 2020, the identification and proper investigation of outbreaks
was affected by the unprecedented health crisis of the coronavirus
disease 2019 (COVID-19) pandemic. The medical and public health
services were overburdened and focused almost exclusively on the
management of COVID-19 cases. Additionally, the fear of
contracting COVID-19 discouraged people from visiting healthcare
facilities .

In this article we present the results of the investigation of a

waterborne outbreak of Escherichia coli in Greece during the
COVID-19 pandemic, in collaboration with a local pharmacy. Our
aim is to emphasize the utility of alternative resources and
channels of communication with the local population during
outbreaks, which could also be used in remote areas of the
country.

Initial notification and outbreak confirmation 

On 15 June 2020 two cases of E. coli O157 infection were notified
in a small town (3272 inhabitants) in the Peloponnese region of
Greece. They were two women aged 40 and 59 years. Stool
samples had been tested with the multiplex polymerase chain
reaction (PCR) (FilmArray; Biomerieux,
https://www.biomerieux.com.au/product/filmarray-multiplex-pcr-
system) . The two patients reported that other people in the same
town had been sick with gastroenteritis. Nevertheless, there was
no increase in the number of gastroenteritis cases based on
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hospital records.

We contacted the local pharmacist, who verified that there was an
increased purchase of OTC anti-diarrheal drugs for several days in
the town.

Methods

Epidemiological investigation

To follow up the course of the outbreak, we asked the pharmacist
to provide us with the daily number of OTC anti-diarrheal drugs
sold from 20 May 2020 onwards. The main hypothesis was that the
source of the outbreak was the water supply. To test the
hypothesis, a 1 : 1 case-control study was designed. A case was
defined as any resident of the town who developed diarrhea
between 29 May and 6 June 2020 and purchased OTC anti-
diarrheal drugs from the pharmacy. A control was defined as any
resident of the town who did not develop diarrhea during the
same time period and purchased products other than anti-
diarrheal drugs from the pharmacy.

To recruit cases and controls, we asked for the support of the local
pharmacist. We requested him to provide us a list of his clients. We
provided the pharmacist with a written request to participate in
the study, to pass on to his clients, along with an informed consent
form. The clients that agreed to participate were noted, and at the
end of each day a list with the telephone numbers of the clients
that consented was sent to us.

Interviews were conducted by epidemiologists of the National
Public Health Organization at the central level by telephone;
personal data were not recorded. 

A structured questionnaire was used to record demographic
characteristics, date of symptoms onset, clinical manifestations,
participation in social events, and food and water consumption
(tap and bottled water). E. coli O157 was the only pathogen
identified at that time, so questions concerned a 5-day period
prior to the onset of symptoms. Controls were asked about
possible exposures on 26–30 May, because most people reported
31 May 2020 as the day of symptoms onset.

Laboratory testing of clinical samples

After our request, the pharmacist advised symptomatic clients to
submit stool samples at the local hospital, if this was possible. He
informed them that stool samples would be received without
jeopardizing their safety in accordance with the COVID-19
infection control protocols.

Samples were tested with multiplex PCR for 22 pathogens with the
BioFire FilmArray Gastrointestinal Panel .

Environmental investigation and water sampling

We contacted the local municipality, which is the competent
authority for the safety of drinking water and requested
information on the town’s water supply system and probable
failures at the distribution in May and June, and chlorination
records. The municipality collected water samples that were tested
for indicators such as total coliform colonies per 100 mL, required
by the legislation ; as well as molecularly for norovirus and
rotavirus.

Statistical analysis

Stata v12 (StataCorp; http://www.stata.com) was used for data
analysis. We calculated οdds ratios (ORs) and respective 95%
confidence intervals (95%CI). Associations statistically significant
(p<0.05) in the univariate analysis were included in the
multivariable model. The multivariable analysis was performed by
multiple logistic regression using backwards elimination.

Ethics approval

The National Public Health Organization is authorized by Greek
law to process personal data during outbreaks for epidemiological
investigation. We requested informed consent from study
participants. For children aged less than 18 years the consent was
requested from their parent or guardian. Data were managed in
accordance with the national and European Union regulations. 

Results

The daily numbers of antidiarrheal drugs sold by the pharmacy are
depicted in Figure 1. There was an increased number of sales from
27 May 27 to 6 June. Overall, 58 cases and 57 controls were
recruited for the case-control study. The age distribution
significantly differed between cases and controls (p=0.005) (mean
age 53.6 v 43.4 years, respectively). Sex distribution was similar
(56.9% and 56.1%, respectively, were females). Reported symptoms
were diarrhea (100%), abdominal pain (10.3%), fever (>38°C)
(6.9%), loss of appetite (5.2%), vomiting (3.4%), nausea (1.7%) and
fatigue (1.7%). One case reported bloody diarrhea.

In univariate analysis, the development of gastroenteritis was
significantly associated with the consumption of ice cubes made
from tap water (OR= 34.8, 95%CI=10.0–147.6, p<0.001), and with
teeth brushing using tap water (OR=7.9, 95%CI=0.9–365.7,
p<0.001) and tap water consumption
(OR=6.6, 95%CI=2.6–17.5, p<0.001). Consumption of bottled water
had a protective effect (OR=0.17, 95%CI=0.06–0.43, p<0.001). In
the multivariable analysis, consumption of tap water
(OR=10.9, 95%CI=3.1–38.0, p<0.001) and ice cubes
(OR=39.3, 95%CI=10.3–150.9, p<0.001) were independently
associated with the onset of gastroenteritis.
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Figure 1:  Number of over-the-counter anti-diarrheal medicines purchased at the local pharmacy by date of purchase, 20 May to
6 June 2020.

Laboratory testing of clinical samples

Stool samples from 11 cases were collected. One was positive for
shigatoxin-producing E. coli, one for enteropathogenic E. coli, four
for E. coli O157, and one for Salmonella spp. Four samples tested
negative.

Environmental investigation

The town is supplied with water from two wells. The drilling water
is collected in a tank, where it is chlorinated and is distributed
through the town network. No failures of the system were
identified. The five water samples collected on 18 June tested
negative. According to the available measurements on 5 and 14
June 2020, the residual chlorine ranged from 0.12 mg/L to
0.14 mg/L.

Discussion

Our investigation indicated that a waterborne outbreak occurred
from 29 May to 6 June 2020 in a town in the Peloponnese Region
of Greece. More than one pathogen was detected in stool samples.
This finding along with the low values of residual chlorine
supported the hypothesis of fecal contamination of the water
supply network . Mixed etiology of waterborne outbreaks is
frequently reported .

The focus of the local healthcare services at the time of the
outbreak was on the management of cases of SARS-CoV-2
infection . It has been documented that community pharmacists
have played a key role during the COVID-19 pandemic, in
informing the public, maintaining the supply of personal hygiene
products, and making appropriate referrals as required. In parallel,
pharmacists contributed to the provision of primary healthcare
services, in the context of the gap on healthcare services that
emerged due to the pandemic .

Without the cooperation of the local pharmacist the confirmation
of this outbreak would not have been be possible. The
contribution of community pharmacists in early detection of
outbreaks has become increasingly significant over the years,

especially in remote areas  and in areas that OTC medicines are
easily accessible . The implementation of a recording system of
the number of anti-diarrheal and antiemetic drugs sold could
function as an early warning system for foodborne and waterborne
outbreaks . In this outbreak, the daily number of OTC anti-
diarrheal drugs sold was a proxy of the temporal distribution of
cases, providing us with a rough estimation of the outbreak
duration. Apart from the verification of the outbreak, the
pharmacist also contributed to the investigation, as the onsite visit
of an outbreak investigation team was not possible.

The main limitation of the remote coordination of the outbreak
investigation is that we cannot be sure about the
representativeness of the recruited cases and controls, even
though specific guidance was given so that the selected sample
would be as random as possible. Another limitation was the
delayed identification of the outbreak, which probably did not
allow the verification of its waterborne origin.

Collection of samples took place 22 days after the date of
symptom onset of the first cases. The early detection of
waterborne outbreaks is a prerequisite for minimizing their
consequences . Despite these difficulties, the results of the
analytical study and the records of residual chlorine supported the
waterborne origin of the outbreak, and local authorities were
advised to strengthen monitoring of the quality of drinking water
in the area.

Conclusion

This study of the outbreak showed that alternative methods for the
detection and investigation of outbreaks can be used, in the
context of the ongoing COVID-19 pandemic. This was the first time
that local pharmacies were actively involved in a waterborne
outbreak investigation in Greece. Utilization of already available
resources is not only important during the challenging times of the
pandemic but can also be used in the future for a more effective
response to public health events, especially in remote areas of the
country.
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