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ABSTRACT 
Quantitative Microbial Risk Assessment (QMRA) is a process, analogous to chemical risk 
assessment of estimating human health risks due to exposures to microbial pathogens. Now -a -
days Escherichia coli strains have emerged as water borne pathogens. It has been involved many 
water borne outbreaks across the world. The predominant outbreaks caused by the strain 
Escherichia coli O157:H7.It belongs to the member of the Enterohemorrhagic Escherichia coli. In 
order to manage Escherichia coli strains and to devise approaches to reduce the public health risk 
posed, many national and international groups have applied QMRA techniques to model the risk 
posed by Escherichia coli O157:H7 on drinking water. While multiple sources and routes of 
transmission of this pathogen are now recognized, contaminated drinking water serves as one of 
the important vehicle of the pathogen and continue to be linked to outbreaks across both developed 
and developing countries. This paper reviews these quantitative microbial risk assessments and 
their application in managing the risk posed by Escherichia coli O157: H7 on drinking water. 

Key Words : QMRA, Water borne pathogens, Enterohemorrhagic Escherichia coli 
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INTRODUCTION 

Microbial Risk Assessment (MRA) is a valuable 
tool in the management of microbial water safety 
issues and can provide a systematic approach for 
the regulatory authorities to control the risk 
posed by a pathogen. Risk assessment is a scien-
tific process in which the hazards are iden-tified 
and the risk posed by the particular path-ogen is 
calculated.1 QMRA has emerged as a tool for 
deriving estimates of the risk of exposure to 
pathogenic organisms through drinking water.2, 3 

AIMS AND OBJECTIVES 
This paper provides a brief review about the 
Quantitative Microbial Risk Assessment 
(QMRA) models for pathogenic organisms in 
drinking water with special reference to 
gastroenteritis caused by Escherichia coli strains. 
The principles of risk assessment consist of four 
stages. 
Each of the stages is summarized below (Fig. 1).4 

 Hazard identification, 

 Exposure assessment, 
 Dose-response assessment and 
 Risk characterization. 

DISCUSSION 
Overview of QMRA 
Quantitative Microbial Risk Assessment 
(QMRA) is a process, analogous to chemical 
risk assessment of estimating human health 
risks due to exposures to microbial pathogens. 
This technique developed by Haas and co-
workers.5 By Using QMRA can easily answer 
questions such as how many people’s in a 
society will be infected if part of drinking 
water treatment fails and how much public 
health will be affected if disinfection will 
eliminated.3,6 
Escherichia coli strains in human clinical 
aspects 
Escherichia coli strain has emerged as 
waterborne pathogens.7, 8 They involved many 
waterborne outbreaks in developed and 
developing countries across the world.9 *Author for correspondence 
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Fig. 1 : General frame work for calculating microbial risk from drinking water4 

The predominant outbreaks caused by the 
strain Escherichia coli O157:H7. It belongs to 
the member of the Enterohemorrhagic 
Escherichia coli (EHEC). Escherichia coli is a 
member of coliform group of bacteria that is 
naturally found in the intestine of human and 
warm blooded animals and they belongs to the 
family Enterobactericia. However certain 
strains of Escherichia coli are responsible for 
gastrointestinal illness along with other health 
problems.10-12 They are summarized in        
Table 1. 
The Major strain for gastroenteritis is produced 
by the species of Enterohemorrhagic 
Escherichia coli (EHEC) or Verocytotoxigenic 
Escherichia coli (VTEC). The commonest 
EHEC strain is Escherichia coli 
057:H7.Escherichia coli 057:H7 is a member 
of the Enterohemorrhagic Escherichia coli 
(EHEC) and was identified as a pathogen in 

1982. The illness was characterized by 
abdominal cramping, watery diarrhea followed 
by bloody diarrhea with or without fever.11, 12 
The Infectivity of EHEC strains is 
substantially higher than that of the other 
strains and is an important cause of diarrhea in 
developing countries, especially in children. 
Escherichia coli in drinking water 
Waterborne transmission of pathogenic 
Escherichia coli has been well documented for 
both recreational waters and contaminated 
drinking-water.13,14 These pathogens are 
transmitted via drinking water are 
predominantly of fecal-oral route and therefore 
known as enteric pathogens.15 In all of these 
cases infection follows direct or indirect fecal-
oral spread from human or animal origin. Few 
selected outbreaks of Escherichia coli 
attributes to contaminated drinking water 
shown in Table 2.  

Step-1 
Problem Formulation and Hazard identification 

 
Water source 

Pathogen 
concentration(µ) 

Step-2    Exposure Assessment 

Treatment 
Pathogen  
removal(π) 

Step-3 Dose-Response 

Distribution 
Pathogen 

inactivation(πŏ) 

Ingress Phatogen 
concentration(µingress) 

Consumption 
Volume of water                   

consumed (V) 

(V ingress) 

Step-4 Risk characterization 
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Table 1 : Virulence type and serogroups associated with gastroenteritis in Escherichia coli 
species 

Strain Serogroup Diseases and 
symptoms 

Enteropathogenic 
Escherichia coli (EPEC) 

O55 H6, NM / O86 H34, NM / O111 H2, 
H12, NM / O119 H6, NM / 0125 a c H21 
/ O126 H27, NM / O128 H2, H12 O146 
H6 

 
Gastroenteritis in 
infants 
 

Enterotoxigenic 
Escherichia coli (ETEC) 

06 H16/ 08 H9/ 011 H27 / 015 H11/ 020 
NM 025 H42, NM /027 H7 / 0148 H28 / 
0149 H10 0159 H20 / 0173 NM 

Diarrhea, vomiting and 
fever, travelers’ 
diarrhea. 

Verocytotoxigenic 
Escherichia coli (VTEC) 
and Enterohemorrhagic 
Escherichia coli 
(EHEC). 

 
026 H11/ H32, NM / 055 H7 / 0111 ab 
H8, NM 0113 H21 / 0117 H14/ 0157 H7 

 
Shigella-like dysentery 
(stools contain blood 
and mucus)  

Enteroinvasive 
Escherichia coli (EIEC) 

028ab NM/ 029 NM/ 0112ac NM /0124 
H30, NM/0136 NM /0143 NM /0144 
NM/ 0159 H2, NM/0164 NM /0167 
H4,H5, NM 

Abdominal cramps, 
diarrhea, vomiting and 
fever 

Sources : Rowe., 1983; Salyers and Whitt., 1994; Beutin et al., 1997; Willshaw et al., 1997Bell and Kyriakides., 1998 

Table 2 : Summary of selected outbreaks of Escherichia coli attributed to contaminated 
drinking water 

Location and 
Country Year E. coli strain Number 

of cases 
Number 
of deaths Reference 

Oregon (USA) 1975 
 ETEC 2000 - Rosenberg et al  

Mediterranean 
Cruise 1986 ETEC 251 - O’Mahony et al 

(1986) 

Missouri 
(USA) 

Dec 1989 
to Jan 
1990 

E. coli 0157: H7 243 4 Swerdlow et al 
(1992) 

Grampian 
(Scotland) 

1990 
 E. coli 0157: H7 4 - Dev et al (1991) 

South Africa 
and Swaziland 1992 E. coli 0157: H7 1000 - Isaacson et al 

(1993) 
Wyoming 
(USA) June 1998 E. coli 0157: H7 157 - Olsen et al (2002) 

New York 
(USA) 1999 E. coli 0157: H7 >1000 - Hilborne et al 

(1999) 
Golan heights 
(Israel) 2000 ETEC 175 - Huerta et al (2000) 

Ontario 
(Canada) 

May  
2000 E. coli 0157: H7 2300 7 Payment et al 

(2000) 

Indonesia March 
2008 E. coli 178 4 Bali health agency 

Indonesia April to 
May 2009 E. Coli 1500 4 Jakartha Post 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development             Vol. 8 No. 1, July-September 2013  

63 
 

A well publicized waterborne outbreak of illness 
caused by Escherichia coli O157:H7 and 
Campylobacter jejuni occurred in Ontario, 
Canada. The outbreak took place in May 2000 
and led to 7 deaths and more than 2300 illness. 16 

Sources  
Humans are the major reservoir, particularly of 
EPEC, ETEC and EIEC strains. Animals are the 
major reservoir of Escherichia coli 0157:H7, 
with cattle and sheep are the principal reservoir 
of this pathogen.17 Other sources such as goats, 
pigs and chickens also reservoir of these EHEC 
strains. While multiple sources and routes of 
transmission of this pathogen are now 
recognized, contaminated drinking water serves 
as one of the important vehicle of the pathogen 
and continue to be linked to outbreaks across 
both developed and developing countries.9 

Studies have shown that cattles are generally 
asymptomatic carriers of Escherichia coli O157 
with illness only reported in young calves.18 

Colonization of cattle was short term (1-2 
months) and reported concentration of the 
pathogen in naturally infected cattle of up to 
6.7×105 and 1.6×106 CFU g-1.19 

Transmission 
Infection is associated with person-to-person 
transmission, contact with animals, food and 
consumption of contaminated water. The 
unprotected drinking water supply was 
contaminated by rainwater runoff during extreme 
climatic conditions that carry cattle excreta. 
Escherichia coli O157:H7 is spread to humans 
by ingesting material contaminated with fecal 
sources.11,14,20  The Studies done by Nataro and  
Kaper developed the infectious dose was  
considered to be very low and ingesting just few 
organisms, possibly between 10 and 100 can 
cause illness.10 The water have been implicated 
as vehicle for the transmission of these 
pathogens.21 
Survival and infection 
After ingestion via contaminated drinking water 
the bacteria travel through the gut and attach to 
the surface of the large intestine. The bacteria 
produce toxins and that destroy the cells lining 
that colon and cause inflammation of the 
intestine. The toxin may be absorbed and travel 
in the blood stream to other parts of the body. 
The toxin can damage cells lining blood vessels  

and cause damage can lead to bleeding. This can 
happen not only in the intestine, but also to the 
small blood vessels of other organs, such as the 
kidney or brain. The incubation period for the 
infection with Escherichia coli O157:H7 is 
between 2 -12 days and most commonly around 
three or four days.22 

Control 
Within a water safety plan, control measures that 
can be applied to manage potential risk from 
Enterohemorrhagic Escherichia coli include 
protection of raw water supplies from human and 
animal waste, adequate treatment facility and 
protection of water during distribution.13 

QMRA model for Escherichia coli 0157:H7 
Few number of Quantitative risk assessments 
have been developed for Escherichia coli 
O157:H7 on drinking water and some of 
these models are reviewed below. Using 
Quantitative risk analysis techniques, a risk 
assessment model can be determined for 
Escherichia coli 0157:H7 and this model can 
be used to assess and manage the risk posed 
by pathogen via drinking water.23-26  
Hazard identification 
To describe a particular pathogen (Microbe) and 
the disease it cause, including their symptoms 
severity of the infection and the disease 
associated with each specific pathogen. This also 
includes the pathogenicity and the virulence of 
the microorganisms. The first step in the QMRA 
process is to define which pathogens will be 
modeled and what conditions will be 
investigated. Selecting the reference pathogen for 
risk assessment is the first important stage to 
consider.2, 26, 27 

Studies done by Howard et al on drinking water 
system in Kampala, Uganda he selects 
Pathogenic Escherichia coli as one of the 
reference organism.2 Escherichia coli 157:H7 is 
a well known waterborne pathogen in developed 
countries and has been involved outbreak of 
disease such as that at Walkerton, Ontario.16   

This pathogen is one of the selected reference 
pathogen for QMRA.14  
Exposure assessment 
It is an attempt to determine, the frequency and 
magnitude of pathogens exposure through 
contaminated drinking water. Exposure 
assessment is a quantitative estimation of the 
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presence of contaminant (pathogen) during the 
consumption of water. This method is to 
estimate the number of people exposed and the 
categories of the people affected. Exposure can 
be considered  as a single dose of pathogens 
that a consumer ingest at a certain point in time 
or the total amount over several exposures(e.g. 
over a year).Exposure is determined by the 
concentration of pathogens in drinking water 
and the volume of water consumed. 14 
The studies done by Howard and group showed 
that the reference pathogen selected for 
pathogenic Escherichia coli, the start point of the 
exposure model was the prevalence and 
concentration of Escherichia coli in cattle faeces. 
This pathogen particularly important in Uganda. 
Few studies have shown that a significant 
proportion of microbial contamination is derived 
from animal faeces.28 The reference pathogen 
selected for pathogenic Escherichia coli In 
undertaking the QMRA, the risk from all 
pathogenic Escherichia coli was calculated based 
on the impact expected from Escherichia coli 
O157:H7.29 

When assessing exposure to pathogens through 
drinking water, both the concentration of 
pathogens and the volume of drinking water 
consumed are important parameters. The studies  

done by Regli et al conducted on drinking water, 
a water consumption of 2L per person per day 
has been assumed.26  The studies done by 
Roseberry and Burmaster reported the average 
consumption of water was 0.96L per day.30 
Teunis et al obtained data on cold tap water 
consumption in Netherland for use in QMRA 
reported drinking water consumption 0.15L per 
day.31  
Dose response 
The relationship between the dose received and 
the resulting health effects. Dose assessment 
aims at presenting a mathematical relationship 
between the dose and the probability of the 
infection or illness in exposed persons. By 
different mathematical methods dose response 
models can be fitted to experimental data.31,32 
Dose Response modeling is the key to 
Microbial Risk Assessment as it provides a link 
between exposure dose and the probability of 
infection. Prior to dose-response relationships, 
human feeding experiments were only used to 
estimate infectious doses such as ID50 or 
Minimum Infective Dose (MID).Some selected 
Dose-Response models of Quantitative 
Microbial Risk Assessment (QMRA) are 
reviewed below in Table 3. 

Table 3 : Selected dose-response models of Quantitative Microbial Risk Assessment (QMRA) 

S/N Year Country Reference 
pathogen 

QMRA 
Model QMRA Title and author 

1 1986 Canada E. coli 0157: 
H7 

 

Dose 
Response 

Model 

Experimental infection of infant rabbits 
with verotoxin-producing Escherichia 

coli. Infection and Immunity (Pai et al., 
1986) 

 
2 

 
2000 

 
USA 

 
E. coli 0157: 

H7 
 

Dose 
Response 

Model 

Development of a dose-response 
relationship for Escherichia coli 

O157:H7 (Haas et al.,2000) 

3 2000 USA E. coli 0157: 
H7 

 

Dose 
Response 

Model 

Dose-response envelope for 
Escherichia coli O157:H7  

(Powel et al.,2000) 
4 2004 USA E. coli 0157: 

H7 
 

Dose 
Response 

Model 

Transmission and Infectious Dose of 
Escherichia coli O157:H7 in Swine 

(Cornick et al.,2004) 

5 2005 UK E. coli 0157: 
H7 

 

Dose 
Response 

Model 

Dose response modeling of Escherichia 
coli O157 incorporating data from food 

borne and environmental outbreaks 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development             Vol. 8 No. 1, July-September 2013  

65 
 

However there is only limited dose-response data 
for Escherichia coli 0157:H7.Hunter and group 
notes that the ID 50 (the number of organism 
required to infect 50% of people exposed) ranges 
between  102  and 106.Haas  et  al and Strachan et 
al have  reported  disease  outbreak  resulting   
from  doses estimated  to  have  been  around 102 
organisms.  A number of dose-response models 
have been used in Quantitative Risk Assessment 
to describe the relationship between the level of 
microbial exposure (i.e., the dose or number of 
organisms ingested) and likelihood of occurrence 
of an adverse consequences (i.e., illness).33 The 
most commonly used models are single hit 
models. The simplest form of this exponential 
model was prescribed by Haas et al.4 The data 
used in generating dose-response models are 
derived from a variety of sources including 
human clinical trials, epidemiological studies 
based on waterborne outbreaks, animal clinical 
trials, in vitro studies using cell lines.31,34 

However, due to the severity of the diseases 
human dose response studies cannot be carried 
out Surrogate models from Shigella fed to human 
and Escherichia coli O157:H7 to rabbits have 
representatives for human beings.32 

The dose-response data for E. coli O157:H7 
was obtained from a study done by Pai and co-
workers.35 These workers studied the 
pathogenesis of diarrheal diseases due to 
Escherichia coli O157:H7 in New Zealand 
white infant rabbits. The studies done by Haas 
et al used a dose-response model for 
Escherichia coli O157:H7 from rabbit 
inoculated through an oral catheter. Dose- 
response data of Escherichia coli O157:H7 
from the results of clinical trials have been 
reported in the literature of Powel et al.36  
Teunis et al have recently published a dose -
response for Escherichia coli 0157:H7 based 
on a food-borne outbreak in Japan.31 In 
undertaking the QMRA, the risk from all 
pathogenic Escherichia coli was calculated 
based on the impact expected from 
Escherichia coli 0157:H7.The studies done by 
Howard and group  adopted Havelaar and 
Melse model as dose response studies. It was a 
used dose response estimate for Shigella to 
provide a generic assessment of risk from 
waterborne bacteria. In contrast, Havelaar and 
Melse  have  estimated  in  mortality rate in the  

Netherland of 0.2% for infection with 
Escherichia coli O157:H7.For the studies in 
Kampala water system used the mortality rate 
quoted by Kotloff et al. Since, it is more likely 
to reflect the higher mortality among children 
in developing countries. 
Risk characterization 
The final stage in the process estimates the 
adverse public health effect or risk of exposure 
to the hazard. In this stage, to integrate the 
information from the above three stages in to a 
single mathematical model to calculate risk. 
The probability of an outcome like infection, 
illness or death. This may be a prediction of 
illness per typical serving or calculated an 
annual risk of illness. The probability of 
infection is multiplied by 365 to calculate the 
probability of infection per year. 33  
The studies done by Howrad et al in Kampala 
water system, Uganda showed that the 
assessment of E. coli is based on the data 
obtained for thermotolerant coliforms from 
monitoring programmes. In this assessment the 
susceptible fraction is based on known rates of 
access to piped water supply in Kampala, 
using a direct household connection rate of 
20% of the population and estimated 70% of 
the unserved population using taps.2 One of the 
major issue facing the application of risk 
assessment models in developing countries is 
how to take assess exposure among the 
population that commonly use more than one 
type of drinking water source. This risk 
assessment is based on a several sets of data, 
including the status of Kampala water system, 
annual water quality data from two treatment 
work. 
The risk from water in the distribution system 
is an annualized risk based on average 
contamination as indicated by thermotoleranat 
coliform concentrations. It is assumed that 
95% of these are Escherichia coli  and that 8% 
of all Escherichia coli are pathogenic. The 
average from the surveillance data are 
therefore multiplied by 0.95 and then by 
0.08.The figures in the risk assessment are 
expressed in organisms per litre and therefore 
this figure is multiplied by 10 in order to gain a 
final figure. The dose- response is based on 
shigella, which is estimated has a 1.0×10-3    
risk   of   infection   from   exposure to a single  
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organism.32,33 The risk of developing illness 
once infected is more problematic as there is 
limited consolidated data available. 
From the studies of Howard et al used the 
treatment effect was calculated based on two 
assumptions.2 First of all, the raw water at one 
treatment plant (Gaba 1) had one result of 
16cfu/100ml or 160 cfu/litre. As there were no 
organisms in the final water, indicates at the 
log reduction must have been at least between 
102 and 10. The assessment data suggest a final 
risk as a disease burden of 1.45E-05 for Gaba 
1 and 4.34E-06 for Gaba 2, with a likelihood 
of Gastroenteritis of 1.46E-04 and 4.38E-05 
respectively. The risk assessment for 
pathogenic Escherichia coli   WHO (2004) 
suggests that a reference level of risk 10E-06 is 
tolerable. 

CONCLUSION 
The Quantitative Microbial Risk Assessment 
(QMRA) appears to be feasible in developing 
countries. One such study done by Howard et 
al in Kampala water supply system. WHO 
have suggested that a reasonable reference 
level of risk from pathogen in water is 10-6 risk 
of infection. For Escherichia coli O157:H7, 
there appears to be relatively little risk from 
water leaving the treatment works. The 
assessment preformed by Howard and group in 
Kampala watersystem suggests that the risk 
exceeds the WHO reference level. The water 
quality problems are more associated with 
poor distribution systems than failures in 
treatment works in developing countries and 
have led to outbreaks in developed countries. 
This review studies concludes that QMRA can 
be used to provide objective quantitative input 
for the water safety plans and it can contribute 
to efficient and effective management of 
drinking water safety. This paper reviews the 
developments in QMRA and considers its 
potential for use in determining the robustness 
of water company risk assessments, as a tool to 
support decision making, to evaluate the 
effectiveness of different control strategies and 
to assess the impact on water quality from 
extreme events or changing conditions. 
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