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Abstract
Background and Aim: Bacterial contamination of drinking water is a leading cause of gastrointestinal infections. Cats 
may be at risk of water contamination from feces due to poor sanitation and hygiene. The objectives of the present study 
were to (1) evaluate the prevalence of coliform bacteria in cat drinking water and (2) identify possible risk factors leading 
to contamination.

Materials and Methods: Fifty-five drinking water samples were collected from water containers used by cats (median age 
[range]: 5 years [8 months-15 years]) at their home. Using a sterile syringe, 50 mL water was collected directly from water 
containers. The water samples were stored in coliform enhancement media for 24 h and then submitted for bacterial culture.

Results: The prevalence of fecal coliform contamination of cat drinking water was 67.27% (37/55; 95% confidence interval: 
53.29-79.32%). There was no significant difference in the prevalence of coliform bacterial contamination of drinking water 
by age or gender of the cat or by water container type. However, bacterial contamination differed significantly between 
shorthaired cats and longhaired cats when comparing Escherichia coli (9/44 [20.45%] vs. 8/11 [72.72%], p<0.001) and 
Enterobacter spp. (16/44 [36.36%] vs. 9/11 [81.82%], p=0.007). For water that had been in a container longer than 12 h, 
there were significantly more contaminated tap water samples (16/19 [84.21%]) than contaminated processed water samples 
(9/17 [52.94%], p=0.047).

Conclusion: Coliform contamination in cat drinking water is common and occurs more often in households with longhaired 
cats. Drinking water for cats should be changed every 12 h, especially for households using tap water.
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Introduction

Bacterial contamination of drinking water is 
a major cause of illness in humans, partly due to the 
increasing population size, which results in reduced 
water supply and quality for consumption [1]. The pres-
ence of large quantities of coliform bacteria in food and 
water indicates a lack of cleanliness and poor hygiene. 
Contamination of food, drinking water, and containers 
sby fecal coliform bacteria may cause food spoilage 
and dirty water, which can lead to illness. Coliforms are 
rod-shaped, Gram-negative, and nonsporulating bac-
teria that are often found in warm-blooded intestines. 
Escherichia coli is a major species of fecal coliform 
bacteria that play an important role in water contami-
nation [2]. Most E. coli are not pathogenic microorgan-
isms, but some strains of E. coli can cause gastroenteri-
tis [3], and these strains are known as diarrheagenic 

E. coli (DEC) [4]. Consuming contaminated food or 
water containing this bacterial group can lead to food 
poisoning. Enterobacteriaceae species belonging to 
the genera Enterobacter spp., Klebsiella spp., and 
Citrobacter spp. are classified as coliform bacteria. The 
coliform bacterial count is used as an indicator of food 
and water [5-9] sanitation, because these bacteria are 
not generally found in clean water [10].

Clean water is essential for cats to maintain body 
moisture, organ structure (skin and internal organs), 
and body fluid levels [11]; regulate body tempera-
ture; and eliminate waste from their body through 
urine, sweat, and respiration [12]. Unsafe water 
sources, inadequate hygiene conditions, or exposure 
to feces-contaminated water may lead to gastroenteri-
tis in cats. The prevalence of coliform bacteria in cat 
drinking water in Thailand has not been studied previ-
ously. In humans, DEC may cause a wide spectrum of 
symptoms, ranging from mild diarrhea to severe hem-
orrhagic colitis [13]. The main transmission meth-
ods of DEC include direct contact, consumption, and 
transfer of genes among bacteria. Transmission can 
be prevented by implementing strict sanitation proce-
dures, practicing good hygiene, and filtering contami-
nated water before consumption.
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The objective of this study was to evaluate the 
prevalence of coliform bacterial contamination of cat 
drinking water in households in Thailand. Factors 
influencing coliform contamination of cat drink-
ing water (age, breed, sex, hair length, container 
type, water source, and time of sampling) were also 
determined.
Materials and Methods
Ethical approval and Informed consent

The protocol was approved by the Kasetsart 
University Institutional Animal Care and Use 
Committee (approval number #ACKU62-VET-030) 
and by the Ethical Review Board of the Office of 
National Research Council of Thailand (NRCT license 
U1-00500-2558). Written consent was obtained from 
all cat owners and the experiment complied with the 
Kasetsart University Institutional Animal Care and 
Use Standards.
Study period and location

The study was conducted on 55 cats visiting 
Kasetsart University Veterinary Teaching Hospital, 
Bangkok, Thailand, from October to December 
2019.
Animals

Fifty-five cats (median age [range]: 5 years 
[8 months-15 years]; 38 males and 17 females; weight 
range: 1.8-7 kg) were enrolled in the study. There 
were 40 domestic shorthair cats, eight Persian cats, 
four British shorthair cats, and three Scottish fold 
cats. These cats were seen routinely at the cat clinic 
for follow-up visits to monitor chronic disease with 
various symptoms, including soft stool (fecal score 
of more than 4 of 7; 12/55 [21.82%]), and vomiting 
(5/55 [9.09%]), abdominal cramps (3/55 [5.45%]), 
fever (1/55 [1.82%]), anorexia (10/55 [18.18%]), and 
depression (6/55 [10.91%]).
Water sample collection

This study was a randomized cross-sectional sur-
vey to identify the prevalence of water contamination 
by coliform bacteria among water samples collected 
from water containers in the cats’ homes. Cat drinking 
water was collected by the pet owner using a sterile 
50-mL syringe. Details on water container type, water 
source, and frequency of water change were recorded.
Coliform bacterial culture

Direct water culture was conducted by submit-
ting 1 mL of water sample for bacterial culture using 
MacConkey agar. Indirect water culture was con-
ducted by collecting 15 mL of water sample in coliform 
enhancement media containing tryptone, bile salt, 
X-GluC (a chemical compound with the molecular 
formula C14 H13 BrClNO7, 5-bromo-4-chloro-3-indo-
lyl-beta-D-glucuronic acid, and cyclohexylammo-
nium salt), and ortho-nitrophenyl-β-galactoside, 
and was stored for 24 h at 28±2°C. One milliliter of 
water in coliform enhancement media was transferred 
to MacConkey agar. Pink colonies were selected 

to identify the type of bacteria, including E. coli, 
Enterobacter spp., Klebsiella spp., and Citrobacter 
spp. using standard biochemical reaction tests, as pre-
viously described [14,15].
Statistical analysis

Commercially available statistical software 
packages (JMP Pro 10, SAS Institute, Cary, North 
Carolina, USA; GraphPad Prism version 6.0, 
GraphPad Software, Inc., La Jolla, California, USA; 
STATA version 12, StataCorp, College Station, 
Texas, USA) were used for the statistical analyses. A 
Shapiro–Wilk W-test was used to assess the normality 
of the data. Student’s t-test was performed to compare 
age and body weight of the cats. The categorical vari-
ables, including age, breed, sex, hair length, container 
type, water source, and time of sampling were com-
pared using Fisher’s exact test. The significance level 
was set at p<0.05.
Results

Identification of bacterial contamination using 
a direct water culture resulted in the detection of a 
lower prevalence of water contamination (Figure-1a). 
The results of indirect water culture (Figure-1b) 
revealed a higher prevalence of bacterial contamina-
tion in cat drinking water. Out of the 55 water sam-
ples, 37 samples (67.27%; 95% confidence interval: 
53.29-79.32%) were identified as having coliform 
contamination, including contamination with E. coli 
(12 [21.82%]), Enterobacter spp. (25 [45.45%]), 
Klebsiella spp. (15 (27.27%]), and Citrobacter spp. 
(1 [1.82%]) (Figure-1).

The distribution of bacterial contamination of 
drinking water by breed was as follows: Domestic 
shorthair (25/40 [62.50%]), Persian (8/8 [100.00%]), 
British shorthair (2/4 [50.00%]), and Scottish fold (2/3 
[66.67%]) (Table-1). There was no significant differ-
ence in coliform bacterial contamination between the 

Table-1: Association of cat characteristics (age, breed, 
and sex) with coliform bacterial contamination in cat 
drinking water.

Category No. 
positive

No. 
negative

% 
positive

p-value

Breed
Domestic 
Shorthair

25 15 62.50 ---

Persian 8 0 100.00 0.087
British 
Shorthair

2 2 50.00 0.504

Scottish Fold 2 1 66.67 0.692
Age group

Adult  
(age<7 years 
old)

29 13 69.05 ---

Mature 
(age≥7 years 
old)

8 5 61.54 0.426

Sex
Male 25 13 65.79 ---
Female 12 5 70.59 0.490
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water of adult cats (<7 years; 29/42 [69.05%]) and 
senior cats (≥7 years old; 8/13 [61.54%], p=0.426). 
There was also no significant difference in coliform 
bacterial contamination in cat drinking water between 
male cats (25/38 [65.79%]) and female cats (12/17 
[70.59%], p=0.490) (Table-1). The number of drinking 
water samples that were contaminated with coliform 
bacteria was not significantly different for shorthaired 
cats and longhaired cats when comparing Klebsiella 
spp. (10/44 [22.73%] vs. 5/11 [45.45%], p=0.130) 
and Citrobacter spp. (1/44 [2.27%] vs. 0/11 [0.00%], 
p=0.614) (Table-2). However, there was a significant 
difference in the bacterial contamination of water 
samples for shorthaired cats and longhaired cats when 
comparing E. coli (9/44 [20.45%] vs. 8/11 [72.72%], 
p<0.001) and Enterobacter spp. (16/44 [36.36%] vs. 
9/11 [81.82%], p=0.007) (Table-2).

The number of plastic containers that contained 
water contaminated by coliform bacteria (24/35 
[68.57%]) did not differ from the number of ceramic 
containers that contained contaminated water (7/11 
[63.64%], p=0.761) or metal containers (6/9 [66.67], 
p=0.913) (Table-3). There was no significant differ-
ence in the number of tap water versus processed water 

samples contaminated with coliform bacteria when 
comparing E. coli (7/28 [25.00%] vs. 5/27 [18.52%], 
p=0.561), Enterobacter spp. (16/28 [57.14%] vs. 9/27 
[33.33%], p=0.076), Klebsiella spp. (9/28 [32.14%] 
vs. 6/27 [22.22%], p=0.409), and Citrobacter spp. 
(1/28 [3.57%] vs. 0/27 [0.00%], p=0.322) (Table-4). 
The overall proportion of tap water samples contam-
inated with coliform bacteria (22/28 [78.57%]) did 
not differ significantly from that of contaminated 
processed water samples (15/27 [68.18%], p=0.383) 
(Table-4). There also was no significant difference in 
the contamination of tap water samples (6/9 [66.67]) 
versus the contamination of processed water samples 
(6/10 [60.00%], p=0.57) that had been stored in a con-
tainer for up to 12 h (Table-5). However, there was 
a significant difference in the bacterial contamination 
of tap water samples (16/19 [84.21%]) and processed 
water samples (9/17 [52.94%], p=0.047) that had been 
stored in the container for longer than 12 h (Table-5).
Discussion

The present study found that the prevalence of 
coliform bacteria contaminating cat water containers 
was between 53.29% and 79.32%. Water samples 

Table-2: Effects of coat length on coliform bacterial contamination of cat drinking water.

Type of coliform bacteria Shorthaired cats (n=44) Medium- and long-haired cats (n=11) p-value

No. positive % Positive No. positive % Positive

Escherichia coli 9 20.45 8 72.72 <0.001
Enterobacter spp. 16 36.36 9 81.82 0.007
Klebsiella spp. 10 22.73 5 45.45 0.130
Citrobacter spp. 1 2.27 0 0.00 0.614
Total 27 62.36 10 90.91 0.069

Table-3: Proportion of cat drinking water samples positive for coliform bacteria, by container type.

Type of bacteria Plastic container (n=35) Ceramic container (n=11) Metal container (n=9) p-value

No. positive % Positive No. positive % Positive No. positive % Positive

Escherichia coli 9 25.71 2 18.18 1 11.11 0.803
Enterobacter spp. 13 37.14 6 54.55 6 66.67 0.244
Klebsiella spp. 8 22.86 4 36.36 3 33.33 0.615
Citrobacter spp. 0 0.00 0 0.00 1 11.11 0.164
Total 24 68.57 7 63.64 6 66.67 1.000

Figure-1: Prevalence coliform bacteria found in cat drinking water in the present study using (a) direct water culture and 
(b) indirect water culture.

ba
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from households with a longhaired cat were associ-
ated with a significantly higher prevalence of coliform 
bacterial contamination, which was likely due to the 
fact that longhaired cats become more easily soiled 
by dirt and feces from cat litter. This study revealed 
evidence that processed water is less likely to be con-
taminated by bacteria (E. coli and Enterobacter spp.) 
compared with tap water. Tap water that had been left 
in the water container for more than 12 h had higher 
bacterial contamination compared with processed 
water.

E. coli is a normal flora in the intestines of 
humans and animals [16,17] and may serve as an 
indicator of food or water contamination by microbes 
from the digestive tract. E. coli can be used as an indi-
cator of contamination events based on evidence that 
the bacteria cannot survive for long outside of the 
host nor create a biofilm habitat for regeneration [18]. 
The incubation period of E. coli is usually between 
12 h and 8 days, and the duration of illness is usually 
between 1 day and 3 weeks. Detection of coliform 
bacteria in drinking water indicates recent contamina-
tion (within 1-2 weeks). Coliform-contaminated water 
should not be consumed, because there may be other 
pathogenic organisms present [19].

Bacterial contamination in food and water 
can result from direct or indirect contact with fecal 
materials. It is possible that contamination may have 
been caused by the cats. In the present study, E. coli, 
Klebsiella spp., Enterobacter spp., and Citrobacter 
spp. were identified in cat drinking water, which fur-
ther confirmed the possibility that the drinking water 
was contaminated with fecal materials. Coliform 
bacterial contamination was found more often in the 
drinking water of longhaired cats. Thicker coats may 
trap more dirt and feces from cat litter. As such, insuf-
ficient grooming may lead to coat contamination and 
subsequent water contamination. Fecal contamination 

of water may be caused by other behaviors, such as 
when cats stir their water while drinking or otherwise 
dip their feet in the water bowl.

Several factors can influence bacterial con-
tamination of drinking water, including pipe breaks, 
low-pressure conditions, and low-chlorine concen-
trations, which result in the intrusion of pathogenic 
microorganisms [20,21]. The results of bacterial cul-
tures were also influenced by direct and indirect water 
samples. In the present study, the prevalence of water 
contamination in cat drinking water was based on the 
result of the indirect bacterial culture, since the direct 
bacterial culture of the water sample yielded signifi-
cantly lower detection. The World Health Organization 
recommends that chlorine be present in sterile drink-
ing water at a concentration of 0.2-1 mg/L. In the pres-
ent study, we found that tap water that was left in the 
water container for more than 12 h was more likely 
to be contaminated than water that had been left in 
the container for less than 12 h. It is possible that the 
effectiveness of chlorine may be reduced when water 
stays in the container for more than 12 h. Therefore, it 
is advisable for cat owners to clean water containers 
and change the drinking water twice daily to prevent 
bacterial infections in cats.

In humans, lack of access to clean water sources 
has been linked to up to 4% of deaths worldwide [22]. 
Water contamination is a major cause of gastrointestinal 
diseases in humans. From 1990 to 2004, 86 pathogens 
were identified as contaminants in the public drinking 
water of the European Union [23]. In the United States, 
780 types of infections were associated with drinking 
water from 1971 to 2006 [24], and every year, more 
than 20 million people are infected with waterborne 
diseases [25]. The occurrence of waterborne diseases 
is caused by many factors, such as an inefficient water 
system [26-28], inadequate disinfection systems [1,29], 
cracks in the pipes transporting the water source that 

Table-4: Proportion of cat drinking water samples positive for coliform bacteria, by water source.

Type of bacteria Tap water (n=28) Processed water (n=27) p-value

No. positive % Positive No. positive % Positive

Escherichia coli 7 25.00 5 18.52 0.561
Enterobacter spp. 16 57.14 9 33.33 0.076
Klebsiella spp. 9 32.14 6 22.22 0.409
Citrobacter spp. 1 3.57 0 0.00 0.322
Total 22 78.57 15 55.56 0.089

Table-5: Proportion of cat drinking water samples positive for coliform bacteria, by sampling time and water source.

Time of sampling (h) Water source Coliform bacterial contamination p-value

Number of positive Number of negative % positive

<12 h Tap water 6 3 66.67 ---
Processed water 6 4 60.00 0.57

>12 h Tap water 16 3 84.21 ---
Processed water 9 8 52.94 0.047

Total Tap water 22 6 78.57 ---
Processed water 15 12 55.56 0.089
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link waste and drinking water [30], or decreases in the 
pressure of the water distribution system [20,21,31]. 
Consuming contaminated water can affect many peo-
ple and pets in a short time [1,32]. Bacterial contami-
nation in cat drinking water found in the present study 
may suggest the possibility of zoonotic transmission of 
waterborne diseases from cats to humans. Animal waste 
products are sources of waterborne pathogens [10]. 
Pathogens use wastes products as a means of transport 
from animal reservoirs to water environments. Humans 
may accidentally consume food or drinks that are con-
taminated with coliform bacteria [1] or other patho-
gens [27,28] after changing the cat drinking water or 
touching cat litter. It is important to wash hand with 
soap after changing cat water or cat litter. Hand washing 
helps prevent bacterial contamination and other zoo-
notic transmissions. More studies are needed to evalu-
ate the influence of coliform bacterial contamination of 
cats’ drinking water on their general health status.
Conclusion

The present study demonstrated that coliform 
bacterial contamination was more commonly found in 
the water containers of longhaired cats. The results of 
the present study suggest that processed water may be 
preferable to use as drinking water for cats, because it is 
less susceptible to water contamination compared with 
tap water. Owners should clean water containers and 
change the drinking water for cats twice daily, espe-
cially if they use tap water and/or have a longhaired cat.
Authors’ Contributions

SS: Designed study, conducted literature review, 
performed study, interpreted data, and drafted manu-
script. PS: Designed study and reviewed manuscript. 
AK: Performed study and reviewed manuscript. 
NT: Designed study, interpreted data, and reviewed 
manuscript. All authors read and approved the final 
manuscript.
Acknowledgments

The present study was financially supported 
by the Faculty of Veterinary Medicine, Kasetsart 
University (KU-VET-RA#006/61), Thailand. The 
authors would like to thank the staff at Kasetsart 
Veterinary Teaching Hospital, Bangkhen, and the cat 
owners who participated in this study.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Gallay, A., de Valk, H., Cournot, M., Ladeuil, B., 

Hemery, C., Castor, C., Bon, F., Megraud, F., Le Cann, P. 

and Desenclos, J.C. (2006) A large multi-pathogen water-
borne community outbreak linked to faecal contamination 
of a groundwater system, France, 2000. Clin. Microbiol. 
Infect., 12(6): 561-570.

2. Edberg, S.C., Rice, E.W., Karlin, R.J. and Allen, M.J. 
(2000) Escherichia coli: The best biological drinking water 
indicator for public health protection. Symp. Ser. Soc. Appl. 
Microbiol., 29: 106S-116S. 

3. Agency, F.S. (2000) A report of the study of infectious intes-
tinal disease in England. Commun. Dis. Rep. CDR Wkly., 
10(51): 457.

4. Swerdlow, D.L., Woodruff, B.A., Brady, R.C., Griffin, P.M., 
Tippen, S., Donnell, H.D. Jr., Geldreich, E., Payne, B.J., 
Meyer, A. Jr. and Wells, J.G. (1992) A waterborne outbreak 
in Missouri of Escherichia coli O157: H7 associated with 
bloody diarrhea and death. Ann. Intern. Med., 117(10): 
812-819.

5. Kostyla, C., Bain, R., Cronk, R. and Bartram, J. (2015) 
Seasonal variation of fecal contamination in drinking water 
sources in developing countries: A systematic review. Sci. 
Total Environ., 514(5): 333-343.

6. Paule-Mercado, M., Ventura, J.S., Memon, S.A., Jahng, D., 
Kang. J.H. and Lee, C.H. (2016) Monitoring and predicting 
the fecal indicator bacteria concentrations from agricultural, 
mixed land use and urban stormwater runoff. Sci. Total 
Environ., 550: 1171-1181. 

7. Pettus, P., Foster, E. and Pan, Y. (2015) Predicting fecal indi-
cator organism contamination in Oregon coastal streams. 
Environ. Pollut., 207: 68-78. 

8. Wang, Z., Xiao, G., Zhou, N., Qi, W., Han, L., Ruan, Y., 
Guo, D. and Zhou, H. (2015) Comparison of two methods 
for detection of fecal indicator bacteria used in water quality 
monitoring of the Three Gorges Reservoir. J. Environ. Sci., 
38: 42-51. 

9. Leclerc, H., Schwartzbrod, L. and Dei-Cas, E. (2002) 
Microbial agents associated with waterborne diseases. Crit. 
Rev. Microbiol., 28(4): 371-409.

10. Ahmed, W., Neller, R. and Katouli, M. (2005) Host spe-
cies-specific metabolic fingerprint database for enterococci 
and Escherichia coli and its application to identify sources 
of fecal contamination in surface waters. Appl. Environ. 
Microbiol., 71(8): 4461-4468.

11. Odonkor, S.T. and Ampofo, J.K. (2013) Escherichia coli as 
an indicator of bacteriological quality of water: An over-
view. Microbiol. Res., 4(1): e2.

12. Burton, G.A. Jr., Gunnison, D. and Lanza, G.R. (1987) 
Survival of pathogenic bacteria in various freshwater sed-
iments. Appl. Environ. Microbiol., 53(4): 633-638.

13. Sinclair, C., Jenkins, C., Warburton, F., Adak, G.K. and 
Harris, J.P. (2017) Investigation of a national outbreak of 
STEC Escherichia coli O157 using online consumer panel 
control methods: Great Britain, October 2014. Epidemiol. 
Infect., 145(5): 864-871.

14. Markey, B., Leonard, F., Archambault, M., Cullinane, A. 
and Maguire, D. (2013) Clinical Veterinary Microbiology 
E-Book. Elsevier Health Sciences, St. Louis. p239-272.

15. Salih, M.K., Alrabadi, N.I., Thalij, K.M. and Hussien, A.S. 
(2016) Isolation of pathogenic gram-negative bacteria from 
urinary tract infected patients. Open J. Med. Microbiol., 
6(2): 59.

16. Bonten, M., Stobberingh, E., Philips, J. and Houben, A. 
(1990) High prevalence of antibiotic-resistant Escherichia 
coli in faecal samples of students in the South-East of The 
Netherlands. J. Antimicrob. Chemother., 26(4): 585-592.

17. Schroeder, C.M., Zhao, C., DebRoy, C., Torcolini, J., 
Zhao, S., White, D.G., Wagner, D.D., McDermott, P.F., 
Walker, R.D. and Meng, J. (2002) Antimicrobial resistance 
of Escherichia coli O157 isolated from humans, cattle, 
swine, and food. Appl. Environ. Microbiol., 68(2): 576-581.

18. Abberton, C.L., Bereschenko, L., van der Wielen, P.W.J. 
and Smith, C.J. (2016) Survival, biofilm formation, and 
growth potential of environmental and enteric Escherichia 



Veterinary World, EISSN: 2231-0916 726

Available at www.veterinaryworld.org/Vol.14/March-2021/22.pdf

coli strains in drinking water microcosms. Appl. Environ. 
Microbiol., 82(17): 5320-5331.

19. Leclerc, H., Mossel, D.A., Edberg, S.C. and Struijk, C.B. 
(2001) Advances in the bacteriology of the coliform group: 
Their suitability as markers of microbial water safety. Ann. 
Rev. Microbiol., 55(1): 201-234.

20. Ashbolt, N.J. (2015) Microbial contamination of drinking 
water and human health from community water systems. 
Curr. Environ. Health Rep., 2(1): 95-106.

21. Ercumen, A., Gruber, J.S. and Colford, J.M. Jr. (2014) 
Water distribution system deficiencies and gastrointestinal 
illness: A systematic review and meta-analysis. Environ. 
Health Perspect., 122(7): 651-660.

22. Prüss, A., Kay, D., Fewtrell, L. and Bartram, J. (2002) 
Estimating the burden of disease from water, sanitation, and 
hygiene at a global level. Environ. Health Perspect., 110(5): 
537-542.

23. Braeye, T., De Schrijver, K., Wollants, E., van Ranst, M. and 
Verhaegen, J. (2015) A large community outbreak of gas-
troenteritis associated with consumption of drinking water 
contaminated by river water, Belgium, 2010. Epidemiol. 
Infect., 143(4): 711-719.

24. Craun, G.F., Brunkard, J.M., Yoder, J.S., Roberts, V.A., 
Carpenter, J., Wade, T., Calderon, R.L., Roberts, J.M., 
Beach, M.J. and Roy, S.L. (2010) Causes of outbreaks asso-
ciated with drinking water in the United States from 1971 to 
2006. Clin. Microbiol. Rev., 23(3): 507-528.

25. Reynolds, K.A., Mena, K.D. and Gerba, C.P. (2008) Risk of 
waterborne illness via drinking water in the United States. 
Rev. Environ. Contam. Toxicol., 192: 117-158. 

26. Boccia, D., Tozzi, A.E., Cotter, B., Rizzo, C., Russo, T., 
Buttinelli, G., Caprioli, A., Marziano, M.L. and 
Ruggeri, F.M. (2002) Waterborne outbreak of Norwalk-like 
virus gastroenteritis at a tourist resort, Italy. Emerg. Infect. 
Dis., 8(6): 563-568.

27. Hajdu, A., Vold, L., Østmo, T.A., Helleve, A., 

Helgebostad,  S.R., Krogh, T., Robertson, L., de Jong, B. 
and Nygård, K. (2008) Investigation of Swedish cases 
reveals an outbreak of cryptosporidiosis at a Norwegian 
hotel with possible links to in-house water systems. BMC 
Infect. Dis., 8(1): 152.

28. Werber, D., Laušević, D., Mugoša, B., Vratnica, Z., Ivanović-
Nikolić, L., Žižić, L., Alexandre-Bird, A., Fiore, L., 
Ruggeri, F., di Bartolo, I., Battistone, A., Gassiloud, B., 
Perelle, S., Nitzan Kaluski, D., Kivi, M., Andraghetti, R. 
and Pollock, K.G.J. (2009) Massive outbreak of viral gas-
troenteritis associated with consumption of municipal 
drinking water in a European capital city. Epidemiol. Infect., 
137(12): 1713-1720.

29. Koroglu, M., Yakupogullari, Y., Otlu, B., Ozturk, S., Ozden, 
M., Ozer, A., Sener, K. and Durmaz, R. (2011) A waterborne 
outbreak of epidemic diarrhea due to group A rotavirus in 
Malatya, Turkey. New Microbiol., 34(1): 17-24.

30. Laine, J., Huovinen, E., Virtanen, M., Snellman, M., 
Lumio, J., Ruutu, P., Kujansuu, E., Vuento, R., Pitkänen, T., 
Miettinen, I., Herrala, J., Lepisto, O., Antonen, J., 
Helenius, J., Hanninen, M.L., Maunula, L., Mustonen, J. 
and Kuusi, M. (2011) An extensive gastroenteritis outbreak 
after drinking-water contamination by sewage effluent, 
Finland. Epidemiol. Infect., 139(7): 1105-1113.

31. Jakopanec, I., Borgen, K., Vold, L., Lund, H., Forseth, T., 
Hannula, R. and Nygård, K. (2008) A large waterborne 
outbreak of campylobacteriosis in Norway: The need to 
focus on distribution system safety. BMC Infect. Dis., 
8(1): 128.

32. Mellou, K., Katsioulis, A., Potamiti-Komi, M., Pournaras, S., 
Kyritsi, M., Katsiaflaka, A., Kallimani, A., Kokkinos, P., 
Petinaki, E., Sideroglou, T., Georgakopoulou, T., 
Vantarakis, A. and Hadjichristodoulou, C. (2014) A large 
waterborne gastroenteritis outbreak in central Greece, 
March 2012: Challenges for the investigation and manage-
ment. Epidemiol. Infect., 142(1): 40-50.

********


