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SUMMARY

We investigated a gastroenteritis outbreak in Erzurum city, Turkey in December 2012 to
identify its cause and mode of transmission. We defined a probable case as onset of diarrhoea
(53 episodes/day) or vomiting, plus fever or nausea or abdominal pain during 19–27 December,
2012 in an Erzurum city resident. In a case-control study we compared exposures of 95 randomly
selected probable cases and 95 neighbourhood-matched controls. We conducted bacterial culture
and real-time multiplex PCR for identification of pathogens. During the week before illness
onset, 72% of cases and 15% of controls only drank water from antique neighbourhood
fountains; conversely, 16% of cases and 65% of controls only drank bottled or tap water
(adjusted odds ratio 20, 95% confidence interval 4·6–84, after controlling for age and sex using
conditional logistic regression). Of eight stool specimens collected, two were positive for Shigella
sonnei, one for astrovirus, one for astrovirus and norovirus, and one for astrovirus and rotavirus.
Water samples from the fountains had elevated total coliform (38–300/100 ml) and Escherichia
coli (22–198/100 ml) counts. In conclusion, drinking contaminated fountain water caused this
multi-pathogen outbreak. Residents should stop drinking water from these fountains, and clean
water from the water treatment plant should be connected to the fountains.
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INTRODUCTION

An estimated 2·5 billion cases of diarrhoea occur
annually worldwide, almost 90% of which are
caused by inadequate water, sanitation, and hygiene.
Diarrhoea is the second leading cause of childhood

mortality worldwide, killing annually about 1·5 million
children aged <5 years [1]. Worldwide, the burden
from poor water, sanitation, and hygiene has been
estimated to account for at least 4·0% of all deaths
and 5·7% of the total disease burden; this burden is
largely preventable [2].

In the Republic of Turkey, diarrhoeal disease out-
breaks occur frequently throughout the country
(Early Warning and Response Unit, Public Health
Institution of Turkey, unpublished data). However,
few are thoroughly investigated to identify the
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responsible agents and modes of transmission. On 21
December 2012, a clinician informed the Public
Health Directorate in Erzurum Province in eastern
Turkey of an apparent increase in diarrhoeal diseases.
A subsequent case-finding effort identified hundreds
of gastroenteritis patients. We investigated this out-
break in order to identify the responsible agents,
cause, and mode of transmission, and to implement
evidence-based control and prevention measures.

METHODS

We defined a suspected case as a diagnosis of gastro-
enteritis in a Yakutiye District resident during a visit
between 19 and 27 December 2012 to the three public
hospitals and one private hospital serving residents of
the three central city districts, based on the following
International Classification of Diseases-10 (ICD-10)
codes: A09 (Infectious gastroenteritis), R11 (Nausea
or vomiting), and K52 (Non-infectious gastroenter-
itis). A probable case was onset during 19–27
December 2012 in a Yakutiye District resident of
vomiting or diarrhoea, plus at least one of the follow-
ing clinical presentations: fever, nausea, or abdominal
pain. We identified the cases by reviewing medical
records at the four hospitals.

To generate hypotheses on the cause and mode
of transmission for this outbreak, we interviewed 67
new gastroenteritis patients with diarrhoea and vomi-
ting who sought emergency or infectious disease care
at two hospitals during 27–28 December. We asked
questions regarding their symptoms, demographics,
type of water used, travel history, and whether there
were any other cases in the family. We performed de-
scriptive analysis of the data in the Enteric Disease
Surveillance System for Erzurum Province to evaluate
the distribution of cases by person, time, and place.

For hypothesis testing, we randomly selected 115
suspected cases from the 11 neighbourhoods in
Yakutiye District that had the highest attack rates,
using SPSS software (IBM Corp., USA). We identified
the controls by visiting the houses next to the case-
patient’s house. Persons who had no gastroenteritis
symptoms during the past month served as controls.
For the final analysis we used the information of 95
probable cases and their neighbourhood-matched
controls. We used conditional logistic regression to es-
timate odds ratios (OR) and 95% confidence intervals
(CI), and to control for confounding.

For laboratory investigation, we collected the stool
specimens of patients who sought emergency medical

care at the emergency departments of two of the four
hospitals, using sterile containers. These specimens
were transported to the National Reference Lab-
oratory using standard courier packages. We con-
ducted bacterial culture for Shigella spp., Salmonella
spp., Campylobacter spp., verotoxigenic Escherichia
coli, Vibrio cholerae O1, O139, and Aeromonas spp.
We used multiplex real-time PCR to identify viral
pathogens in the stool specimens, including norovirus
(G1 and G2), rotavirus, adenovirus, and astrovirus.
For the identification of protozoan parasites (includ-
ing Giardia, Cryptosporidium, and Entamoeba histoly-
tica), we used direct microscopy and real-time PCR;
we also used the direct fluorescent antibody (DFA)
testing to identify Giardia and Cryptosporidium, and
the enzyme-linked immunosorbent assay (ELISA) to
identify E. histolytica [3]. We visited the source of
the tap-water and the water treatment plant; we also
evaluated the water distribution system. We reviewed
the routine chlorination records and microbiological
testing results during November and December 2012
at the treatment plant. We collected water samples
from the implicated antique neighbourhood fountains
(Fig. 1) and used the membrane filtration method [4]
to assess potential bacterial contamination.

This investigation was part of the response to
a public health emergency event; therefore, ethical re-
view was not required.

RESULTS

On 20December 2012, the EntericDisease Surveillance
System forErzurumProvincedetectedan increase in the
number of patients with ICD-10 codes for gastroenter-
itis during hospital visits by residents who lived in the
central city of the province (Fig. 2). The event was
reported to the Early Warning and Response Unit at
the Turkey Public Health Institution. In 2011, 635
patients were reported during 19–27 December; how-
ever, in 2012 the case count was 2096, an increase in
cases of 1461 from 2011 to 2012.

When we examined the surveillance data for the
central districts of this province, we found that gastro-
enteritis cases also peaked during early December. This
peak was never reported. Metrological data showed
that, in this province, the temperature in December is
usually below 0 °C; however, in 2012, immediately pre-
ceding the two peaks in gastroenteritis cases, the
temperature was unseasonably warm (Fig. 2).

The attack rate of gastroenteritis for the central city
was 5·6/1000. Of the three districts in the central city,
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Yakutiye District had the highest attack rate (8/1000).
The neighbourhood-specific attack rates in this district
ranged from 3·3 to 36/1000 (data not shown).

Of the 67 new gastroenteritis patients seeking
emergency or infectious disease care due to vomiting
or diarrhoea at the two local hospitals during 27–28

December 2012, 49% were males. Cases occurred in
all age groups. Few persons (3%) had travel history.
Patients mostly presented with non-specific gastroen-
teritis symptoms, including diarrhoea (99%), abdomi-
nal pain (94%), nausea (85%); 58% of the patients
reportedly had watery diarrhoea; two (2%) had

Outbreak period (19–27 Dec.)
2001: 635 cases
2012: 2096 cases

Excess: 1461 cases
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Fig. 2. Number of patients with ICD-10 codes for gastroenteritis (A09, K52, R11), Erzurum Province, Turkey, December
2011 and 2012.

(a) (b)

Fig. 1. Two examples of antique neighbourhood fountain implicated in this outbreak.
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bloody diarrhoea. Regarding the source of their drink-
ing water, 43% drank water from antique neigh-
bourhood fountains, 7·5% drank water from both
antique neighbourhood fountains and the municipal
tap-water system.

The cases clustered around the antique neighbour-
hood fountains in the Yakutiye District of Erzurum
city (Fig. 3). This district has 53 antique neighbour-
hood fountains, some of which date back to the
Ottoman era (1299–1922) or pre-Ottoman era. The
water coming out of these fountains is from unknown
underground sources. We also learned from the Public
Health Directorate of Erzurum Province that, on 20
December, sewage pipe work had been carried out
in this area (Fig. 3). Based on the descriptive epi-
demiological analysis, we hypothesized that this out-
break was caused by drinking contaminated water
from the antique neighbourhood fountains, or from
the municipal water system contaminated during the
sewage pipe work.

Of the 115 suspected cases selected, 104 (90%) par-
ticipated in our case-control study; the main reason
for drop-out was absence from home. The final analy-
sis dataset contained 95 probable cases and their
matched controls. These probable cases had non-
specific gastroenteritis symptoms, including diarrhoea,
abdominal pain, vomiting, nausea, and fever; a sub-
stantial percentage of cases had either bloody or

mucus diarrhoea (Table 1); 49% (47/95) of the prob-
able cases had another case within the family.

The univariate analysis of the case-control study
data showed that cases and controls differed by age
and sex. When we investigated the source of drinking
water of cases and controls, 76% of cases compared to
31% of controls drank water from antique neighbour-
hood fountains (OR 6·4, 95% CI 3·0–16). Conversely,
18% of cases compared to 50% of controls drank tap
water (OR 0·14, 95% CI 0·044–0·37); 8·4% of the cases
compared to 32% of controls drank bottled water (OR
0·15, 95% CI 0·039–0·44) (Table 2). Stratified analysis

Sewage pipe work,
20 Dec. 2012

Location of cases

Fountain points

Fig. 3. Location of cases in relation to antique neighbourhood fountains, Yakutiye District, Erzurum Province, Turkey,
19–27 December 2013.

Table 1. Symptom distribution of the 95 cases in
the case-control study of a gastroenteritis outbreak,
Yakutiye District, Erzurum Province, Turkey, 19–27
December 2012

Symptoms Number (%)

Diarrhoea 87 (92)
Bloody 11 (12)
Mucus 30 (32)

Abdominal pain 82 (86)
Vomiting 81 (85)
Nausea 80 (84)
Fever 56 (59)
Other 6 (6·4)
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showed that 72% of cases compared to 15% of the
controls drank water from the antique neighbourhood
fountains only; conversely, 16% of cases compared to
65% of controls drank bottled or tap water only (OR
15, 95% CI 4·9–77; adjusted OR 20, 95% CI 4·6–84,
adjusting for age and sex using conditional logistic re-
gression) (Table 3).

Stool specimens were collected from eight
persons (six men and two women, average age 42
years, range 15–79 years). Laboratory investigation
of the eight stool specimens at the reference laboratory
at the Public Health Institution of Turkey identified
various pathogens, including Shigella sonnei (two spe-
cimens), both astrovirus and norovirus (one speci-
men), both astrovirus and rotavirus (one specimen),
and astrovirus (one specimen). None of the eight
stool specimens yielded Giardia, Cryptosporidium, or
E. histolytica.

Environmental investigation showed that the source
of the tap water was a reservoir. This water was piped
into a modern water-treatment plant, treated, and
chlorinated using an automated system. However,
the source of the groundwater flowing out of the

antique fountains could not be determined because
these antique fountains are protected by a Turkish
law designed to protect cultural heritage. During
November and December 2012, 68 peripheral water
samples were taken for bacteriological analysis;
63 (93%) yielded no total coliforms or E. coli.
Moreover, 252 peripheral water samples were taken
during December 2012; 237 (94%) had a chlorine
level 50·2 ppm. On the other hand, water samples
from nine antique neighbourhood fountains yielded
highly elevated counts of total coliforms (range 38–
300/100 ml) and E. coli (range 22–198/100 ml).
Water from these antique fountains has been tested
many times in the past and usually found to be micro-
biologically contaminated.

DISCUSSION

In this investigation of a gastroenteritis outbreak that
affected more than 1000 people, illness was associated
with drinking water from antique neighbourhood
fountains. Laboratory investigation of clinical spe-
cimens indicated that multiple pathogens were

Table 2. Characteristics of 95 cases and 95 controls in the case-control study
of a gastroenteritis outbreak, Erzurum Province, Turkey, 19–27 December
2012

Characteristics Cases, n (%) Controls, n (%) OR (95% CI)

Age (years)
2–17 41 (43) 6 (6·4) 12 (3·3–42)
18–39 28 (30) 37 (39) 1·3 (0·45–3·7)
40–59 19 (20) 39 (42) 0·84 (0·28–2·5)
60–82 7 (7·4) 12 (13) Ref.

Sex
Male 35 (37) 9 (9·5) 5·6 (2·5–12)
Female 60 (63) 86 (91) Ref.

Drinking water from antique
neighbourhood fountains
Yes 72 (76) 29 (31) 6·4 (3·0–16)
No 23 (24) 66 (69) Ref.

Drinking tap water
Yes 17 (18) 47 (50) 0·14 (0·044–0·37)
No 78 (82) 48 (50) Ref.

Drinking bottled water
Yes 8 (8·4) 30 (32) 0·15 (0·039–0·44)
No 87 (92) 65 (68) Ref.

Drinking other water
Yes 6 (6·3) 7 (7·4) 0·83 (0·20–3·3)
No 89 (94) 88 (93) Ref.

OR, Odds ratio; CI, confidence interval.
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involved in this outbreak. The fact that a high
percentage of cases had bloody or mucus diarrhoea
indicated that bacterial pathogens were significant
causes during this outbreak. Water samples taken
from the antique neighbourhood fountains showed
heavy contamination.

In developed and developing countries alike,
groundwater is routinely used, without treatment, as
drinking water because it is considered safe [5, 6].
However, groundwater sources can be easily contami-
nated by agricultural run-off or improperly treated
sewage, causing large community outbreaks [7–11].
In the USA, for example, the majority of waterborne
disease outbreaks have been associated with contami-
nated groundwater, including large community out-
breaks affecting thousands of people [12].

An outbreak of cryptosporidiosis and cyclo-
sporiasis occurred in a village in western Turkey
during September 2005. Subsequent investigation
indicated that the outbreak was probably caused by
contamination of the public drinking-water supply
by sewage or animal waste after heavy precipitation
[13]. Further, a waterborne acute diarrhoeal disease
outbreak caused by group A rotavirus occurred dur-
ing autumn 2005 in Malatya City, Turkey, affecting
9907 persons [14]. However, in general, such com-
munity outbreaks are rarely thoroughly investigated
and documented. In Erzurum Province, the Public
Health Directorate observed routine increases in gas-
troenteritis cases almost every spring and summer.
This was the first time such a sharp increase in gastro-
enteritis cases had occurred in the winter, prompting
this investigation. The fact that the two peaks in gas-
troenteritis cases occurred soon after the temperature
reached above 0 °C indicated that these outbreaks
might have been due to the melting of underground
ice, causing sewage contamination.

Research has repeatedly shown that water and
sanitation improvements are cost-effective, especially
in developing regions [15–17]. In developing countries,

each US$1 invested in interventions to improve water
and sanitation could result in a saving of US$5–46,
depending on the type of intervention; the economic
benefits of water improvement interventions include
time saved due to easier access, increased productivity
by the affected population, and savings in healthcare
costs due to illnesses and deaths prevented [18]. In de-
veloped countries, improvement in water sanitation
in the early to mid-20th century led to a sharp decline
in the burden of many waterborne pathogens [19–21].

In Turkey, a sweeping statute on hygiene and sani-
tation was established in 1930. Among the many man-
dates of the statute was the requirement that all
provinces should provide water meeting a sanitary
standard to their residents [22]. As of 2013, residents
in all urban centres have access to properly treated
drinking water. However, waterborne outbreaks con-
tinue to occur [13, 14]. Part of the problem is that,
in some cities in Turkey, there are antique neighbour-
hood fountains, some of which date hundreds of years
back to the Ottoman or pre-Ottoman era. These foun-
tains are antique structures, and legally protected by
the Ministry of Culture and Tourism of Turkey. In
the central city of Erzurum Province, 53 such antique
neighbourhood fountains exist, all of which are
located in the Yakutiye District, which is the oldest
district of the central city. The water flowing out of
these antique fountains comes from unknown under-
ground sources; therefore, it is impossible for the mu-
nicipal public health authority to treat the water. The
local residents habitually drink water from these an-
tique fountains in passing. They also drive up to
these fountains, located in the old city’s business dis-
trict, to collect the water in large containers to carry
home, which might explain the distribution of cases
(see Fig. 3).

The main limitation of this study was that cases
and controls were not closely matched by age and
sex. To address this issue, we used conditional logistic
regression to control for the potential confounding

Table 3. Association of drinking water with gastroenteritis onset during an outbreak: Erzurum Province, Turkey,
19–27 December, 2012

What kind of water do you drink at home?
% cases
(n=95)

% controls
(n=95) OR (95% CI) aOR (95% CI)*

Water from antique neighbourhood fountains only 72 15 15 (4·9–77) 20 (4·6–84)
Mixed fountain and other water 13 20 3·0 (0·54–30) 2·1 (0·46–9·2)
Bottled or tap water only 16 65 Ref.

OR, Odds ratio; aOR, adjusted odds ratio; CI, confidence interval.
* Adjusted for age and sex using conditional logistic regression.
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effects of these two factors. In addition, the use of
next-door neighbours as controls could have biased
the study findings since the water-drinking behaviours
of these controls might be more similar to that of cases
than to the well individuals in the general population.

In summary, this community-wide, multi-pathogen
outbreak of gastroenteritis was caused by drinking
water from contaminated antique neighbourhood
fountains. After we submitted the investigation report,
the city government convened a high-level meeting,
and adopted a resolution to address the problem re-
garding the water from the antique neighbour-
hood fountains, to prevent such outbreaks in the
future. Based on our recommendations, the provincial
Public Health Directorate conducted a media cam-
paign to warn residents against the use of water
from the antique neighbourhood fountains. Sub-
sequently, the provincial public health authority
initiated a construction project to pipe in treated
water from the municipal water-treatment plant to
supply these antique neighbourhood fountains.
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