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Infectious diseases caused by microbial pathogens are most common and widespread health risks are 

associated with drinking water. This paper presents a model for prediction of disease burden for 

ingestion of microbial pathogens through drinking water in rural Bangladesh. The concentration of 

indicator organisms (Thermotolerant coliform or Escherichia coli) in cfu/100ml were taken as input in 

the model and estimated disease burden in μDALYs with some relevant statistical parameters are 

obtained as output. The model has been found useful in quantifying relative disease burden of 

microbial pathogens, comparing safety of different water supply options and delineating the 

interventions needed to reduce disease burden from drinking water. 

 

A model for prediction of microbial disease burden of water supply 

options in Bangladesh 

assay 
 

 

   Safe, adequate and accessible supplies of water, 

together with proper sanitation are basic needs and 

essential components of primary health care. Inadequate 

provision of safe drinking water and sanitation are 

directly and indirectly related to the communicable 

diseases, health risk, poor health and poverty. The most 

serious water contamination problem in developing 

countries is the fecal pollution originated from 

indiscriminate defecation and inadequate sanitation 

facilities (1-3). Globally 1.8 million people die every 

year of diarrhoeal diseases including cholera and 88% 

of diarrhoeal diseases are attributed to unsafe water 

supply and sanitation (1, 4). An estimated 99.7 million 

Disability-Adjusted Life Years (DALYs) are 

contributed by diarrhoeal diseases to global disease 

burden. In Bangladesh, the estimated diarrhoeal disease 

burden is 1.8 million DALYs (5). 

   The estimation of disease burden of a water supply is 

an important measure of the risk to health associated 

with drinking water (1). It is a principal method of 

establishing health-based target within the Water Safety 

Framework promoted by World Health Organization 

(6). The health outcome target is primarily applicable to 

microbial hazards in both developed and developing 

countries. Health outcome results may be employed 

directly as a basis to define water quality targets or may 

provide the basis for development of performance target 

(6). DALY is a good method of comparing the different       
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health outcomes for a range of diseases and injuries in a 

common metric and allows different hazards to be 

compared when assessing the importance of their impact 

on health. Disease burden expressed in DALYs also 

provides a good basis for analysis of economic 

benefit/burden of improvement/deterioration of microbial 

quality of water supplies.  

   The main purpose of this paper is to assess the disease 

burden from microbial pathogens in drinking water. The 

use of quantitative microbial risk health assessment 

(QMHRA) is an emerging tool to support decision-making 

in developing countries. The benefit of quantitative risk 

assessment is that it allows comparisons to be made 

among different technologies based on often relatively 

easily acquired input data. It is a mathematical and logical 

expression of current knowledge informed by the available 

scientific and epidemiological evidence. As such, 

QMHRA provides a “current best estimate” or “best-

supported estimate” of disease burdens associated with 

exposures. Therefore, QMHRA is often the best available 

low-cost technique to estimate disease burdens using 

updated available information. The use of QMHRA is 

valuable where a disease burden estimate is used as an 

input to decision-making which might otherwise only be 

made on the basis of water quality data in the absence of a 

health-related interpretation.  
 

METHODOLOGY 

 
   The Model Development. To support estimation of the disease burden associated 

with rural water supplies in Bangladesh, a model based quantitative health risk 

assessment was developed. This was based on the accepted risk assessment process 

of problem formulation and hazard identification, exposure assessment, dose-

response assessment and risk characterization. The problem formulation was the     
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degree of public risk associated with water supplies installed in rural areas. The 

main hazards were identified as pathogens and arsenic. The exposure 

assessment involved estimating the size of population exposed and the level of 

hazard to which they were likely to be exposed. The dose response assessment 

provided the basis for estimating the health implications of the modelled 

exposure. Risk characterisation normally involves comparing the outcomes of 

the risk assessment model to some benchmark level; and/or comparing a range 

of modelled scenarios to select the most favourable. In this case comparisons 

were made to the suggested reference level of 10-6 DALYs per infection 

suggested by WHO (6). 

   The architecture of the disease burden estimation by QMHRA is presented in 

Figure 1. The model used faecal indicator organisms instead of reference 

pathogens because of its widespread use in developing countries as indicator of 

microbial pollution. Measurement of concentration of reference pathogens in 

the control of water quality is difficult and not in practice in developing 

countries. The process starts with the measured concentrations of 

thermotolerant coliforms (TTC) (or E. coli where direct analysis is performed) 

in colony forming units (cfu) per 100 ml. The process ends with predicted 

disease burden estimates in units of Disability Adjusted Life Years (DALYs) 

for each risk endpoint.  

   In the microbial stream of the process, the local ratio of E. coli and TTC are 

used to estimate the concentration of E. coli. The ratio of pathogen and E. coli 

in sewage based on results from long-term monitoring in Australia is used to 

estimate the possible concentration of pathogens and volume of unboiled water 

consumed. The dose-response relationships for the model reference pathogens 

were based on reported human-feeding-trial (HFT) data. For “virus” the 

rotavirus model of Gerba et al. (7) citing the HFT of Ward et al. (8) was 

applied since it is an endemic and routinely surveyed bacterial infection in 

Bangladesh (9). The beta-Poisson distribution was selected because as noted by 

Teunis et al. (10) it has been corroborated and widely used since being 

proposed by Gerba et al. (7). For the “bacterium” Shigella dysenteriae model of 

Holcomb et al. (11) citing the HFT of Levine et al. (12) was applied, which is 

an endemic and routinely surveyed bacterial infection in Bangladesh (9). The 

Weibull-gamma relationship was selected because it provided the smallest 

over-estimate at below-threshold doses from the acceptable-fitting inflection 

models. For “protozoan” the “unknown strain” model for Cryptosporidium 

parvum of Messner et al. (13) citing the HFTs of DuPont et al. (14), Okhuysen 

et al. (15) and Chappell et al. (16) was applied. Cryptosporidium was selected 

for the protozoan model reference pathogen as it was environmentally more 

mobile, persistent and infectious pathogen than the alternatives Giardia and 

Entameoba. 

   The microbial dose-response functions used to predict probability of infection 

are shown in Table 1. The daily dose of pathogens consumed was converted to 

a daily probability of infection according to these dose-response relationships to 

give an infection endpoint prediction for each pathogen. The daily probability    
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FIG. 1. The architecture of the model for prediction of disease burden 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

  

 

 

 

    of infection was converted to an annual incidence of infection as described by 

Teunis et al. (10), which provided the input to the DALY calculation. The disease 

burden estimates described by Havelaar and Melse (17) were selected for viral, 

protozoal and bacterial disease.   

   To determine the disease burden, severity weights given in Murray and Lopez 

(18) are multiplied by duration of the effects to estimate the DALYs per case. It is 

then multiplied by the number of people affected to give a population disease 

burden. DALYs are, therefore, useful when considering overall public health 

priorities or where comparisons are being made between two different water supply 

options where a number of hazards may be present. The use of DALYs in decision-

making has been promoted by WHO following the global burden of disease 

analysis of Murray and Lopez (18) and DALYs are now widely used for public 

health reporting and decision-making by health agencies worldwide. The use of 

DALYs in water-related scenarios has been promoted by WHO (6, 17).  

   The User Interface. A spreadsheet model has been developed to simplify the 

computation in the different stages of the model. The user interface of the model 

with input and output is shown in Figure 2. Thermotolerant coliform (TTC) or E. 

coli in cfu/100 ml is the main input in the model. The median value of a series of 

microbial monitoring data of a drinking water source, and if desired 95% with 

minimum and maximum values of the data series can be entered to obtain 

normalized disease burden. If E. coli concentrations are entered, the values are 

directly used by the model. If thermotolerant coliform concentrations are entered, 

the model estimates the proportion that is E. coli. A “data tool” work sheet has 

been provided to find out 95%ile, median, minimum and maximum values of a data 

series. The geometric mean can be used in place of the median and usually this 

value is very close to the median. However, the common presence of zero values (a 

value below detection limit of the equipment used) or one or few abnormally high 

value(s) prevents simple calculation of the geometric mean. If the 95% ile value is 

entered, the spreadsheet uses the difference between the median and 95% to 

estimate the parameters of a lognormal probability density function for the dataset. 

The variability in the dataset is multiplicatively propagated through the model to 

contribute to the upper and lower limits of the 90% confidence interval, which is 

then reported as an output. 

The model allows the user to modify the measured volume of water consumed by 

the population of interest. Both a median and 95% values of water consumed can 

be entered. The model also allows the user to modify the predicted life expectancy 

of birth for the population of interest but it also requires the change of population 

distribution of the country concerned. Only changing the value for life expectancy 

at birth will capture part of the effect on disease burdens but not all of the effect. 

   The model outputs as shown in Figure 2 are total disease burden in μDALY per 

person-year with a breakdown of μDALY contributed by different types of 

microbes.  The median value, upper and lower limits of 90% confidence interval 

(CI) when 95%ile value is entered and the μDALY rages when minimum and 

maximum values are entered. Outputs from the model can be used to compare 

microbial DALYs and relative DALYs contributed by different species of                
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microbes. The model also provides a graphical output of the results showing 

median and 90% confidence interval along with DALY scores of some selected 

guideline/standards values.  

   The model has been customized for Bangladesh conditions with data and 

assumptions as applicable in the country. The background levels of immunity 

to the viral, bacterial and protozoan reference pathogens were assumed to be 

relatively high due to the high background levels of disease borne by hygiene-

related and other routes of transmission. However, these assumptions are 

tentative and are based on the opinion of local health sector professionals from 

WHO, UNICEF and ICDDR,B rather than the objective data. The probability 

of death per symptomatic case, the case fatality ratio (CFR), for the viral and 

bacterial pathogens were set at 0.23%, a figure based on the 1991 Bangladesh 

census for hospitalized deaths from diarrhea. A median of 2.9 l/day with 

95%ile value of 5.0 L/day water consumption was used as input based on a 

study in hotter season in Bangladesh conducted by Watanabe et al. (19). Lifer 

expectancy in Bangladesh at birth of 68 years was used for both sexes (20). 

 

 

Application of the Model. The presence of microbial pathogens in variable 

concentration in different water supply options made it difficult to compare the 

safety of water supplies using water quality data. So it was decided to evaluate the 

options by compiling water quality data of statistically representative water supply 

options under operating conditions in both wet and dry seasons and then 

transforming the water quality data into uniform DALY metric. The transformation 

of water quality into DALY required a lot of computation; the disease burden 

model was developed to make the transformation process easier. The model was 

applied to estimate disease burden of drinking water from Dug Well (DW), 

Shallow Tubewell (STW), Deep Tubewell (DTW), Pond Sand Filter (PSF) and 

Rainwater Harvesting (RWH) in Bangladesh. These are the common water supply 

technologies used in rural Bangladesh but the relative microbial safety of these 

water supply options is not known. Thermotolerant coliform (TTC) and E.coli 

counts of statistically representative samples from these drinking water sources        

across the country were made using standard method. The sampling method 

required analysis of water samples from 36 DTW, 36 DW, 42 RWHS and 42 PSF     

a 

TABLE 1. Microbial dose response functions and parameters used for estimation of probability of infection 

Pathogens Equations Parameter values 

Virus 

(Rotavirus) 



 inf  1 1 / 


 

beta-Poisson 

Gerba et al. (7) citing Ward et al. (8) 


 inf= probability of infection 



 = dose 



  = 0.26 



  = 0.42 

Bacterium 

(Shigella 
dysenteriae) 



 inf  1 1 x / 


 

Weibull-gamma 
Holcomb et al. (11) citing Levine et al. (12) 

 inf= probability of infection 



 = dose 



  = 22.5 



  = 0.25 



  = 1.08 

Protozoan 
( C. Parvum) 



 inf  1 e
1  / 

 

Exponential 
Messner et al. (13) citing DuPont et al. (14); Okhuysen et al. (15) and 

Chappell et al. (16) 


 inf  = probability of infection 



  = dose 



  = 35.2 

 
 

FIG. 2. The user interface of the model 

Input / Output Worksheet 

Observed water quality  Median 95% Detection  
limit 

Dataset  

minimum 
 

Dataset  

maximum 

 

 Units* 

3 9.85 1 0 12 cfu/100 ml 

Detailed results Median Limits of 90% CI Dataset range 

Total microbial DALYs 392.96 27.07 2,669.10 4.50 to 4,372.85 µDPY 

Viral DALYs 368.04 25.77 2,197.75 4.31 to 2,381.96 µDPY 

Bacterial  DALYs 24.82 1.29 469.70 0.19 to 1,984.40 µDPY 

Protozoal  DALYs 0.11 0.01 1.65 0.00 to 6.49 µDPY 

Additional parameters Median 95% 

 Daily unboiled water consumption 2.915379 5.01685 L/day 

Average life expectancy at birth 68 years 

 cfu = colony forming units); py = person/year 

Thermotolerant (faecal) Coliforms 
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from 27 clusters in the country. Microbial quality of 24 shallow tubewells was 

also analyzed.  Proper QA/QC was adopted in the analysis of all water samples. 

Both TTC and E.coli counts were made to establish a ratio of presence of these 

two types of indicator microorganisms in drinking water. 

 

RESULTS AND DISCUSSION 

 

   In cases of all water supply options, the disease 

burdens contributed by rotaviruses, Shigella spp. and 

Cryptococcus spp. were estimated on the basis of 

measured TTC/E. coli which are expressed in DALY 

by using the model and presented in Figure 3. The 

model run at different concentrations of TTC or E. coli 

showed that viral and bacterial pathogens 

concentrations dominated the disease burden estimates 

for the microbial DALY results with crypto 

contributing relatively negligible risks to the total. At 

the lower TTC concentrations the viral disease burden 

was the most significant contributor and at higher TTC 

concentrations the bacterial disease burden began to 

dominate as the viral disease burden reached its 

saturation point. The greater proportions of the total 

DALYs attributed to each water supply technology at 

upper 95% confidence limits (UCL) were microbial 

DALYs and those at median and lower 5% confidence 

limits (LCL) are viral DALYs.  

   The LCL, median, UCL and 90% confidence interval 

of combined microbial DALYs of different water 

supply options are shown in Figure 4. The disease 

burdens of drinking water from STW, DTW and RWH 

are comparatively lower than those of DW and PSF. 

The 90% confidence intervals of all options are wide 

because of wider variations of microbial water quality. 

The lower 5 percentile disease burdens of water from 

STW, DTW, RWHS are quite low, even lower than the 

WHO reference level risk of 1 µDALY. The disease 

burdens of DW, DTW and PSF water increase in the     

a 

wet season and those of water from RWHS increase in    

the dry season. The median risks of only STW and DTW 

waters in the dry season approached to the WHO 

reference level risk while median risks water from all 

other sources do not meet the reference level of risk. In 

general, the lowest risk options in terms of disease burden 

were the STW, DTW and RWH, although all indicated 

significantly high upper 95th percentile microbial risk. 

Based the data collected in this study and data presented 

in other studies, it is clear that in overall terms STW and 

DTW offer the best option followed by RWH with regard 

to public health risks. 

   As stated above, the most useful ways in which the 

model can be used is to compare model outputs from one 

water supply scenario with another in cases where 

multiple health hazards are present. The objective of the 

QMHRA was to compare disease burdens predicted to be 

associated with different water supply options with one 

another to establish relative risk for each. In Bangladesh, 

the model was used as an effective tool to estimate 

disease burden of different water supply options (21, 22). 

Comparing the predicted disease burdens with one 

another it was possible to compare water supply  options 

readily to make better-informed decisions about which 

options were likely to present the lowest relative disease 

burdens 

   The model provides an output as shown in Figure 4 to 

compare estimated disease burden of a water supply with 

the reference values.  The most conservative reference 

value is the 1 µDALY/person•year (DPY) which is used 

as the default point of reference for deriving guideline 

values for microbial hazards (6). Importantly, this WHO 

reference value is a ‘per hazard’ value, not a water supply 

system value. Clearly, if many microbial hazards are 

present at their guideline values, and each contributes 1 

µDPY in disease burden, then the sum of the many health   

a 

 

FIG. 3.  Viral, bacterial and protozoal disease burden of water supply options 
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effects from the many hazards will be much greater 

than 1 µDPY.  

   Disease burden estimates predicted using QMHRA 

models are based on evidence in the published 

literature, limited local data in Bangladesh, information 

and expert knowledge captured as numerical values 

based on judgment and extrapolation. There are both 

uncertainty and variability that combine to create 

inevitably broad confidence intervals in model 

predictions when using the model. In some studies it is 

sufficient to predict a reasonable estimate of the most 

likely levels of risk to be experienced using only the 

most likely or central statistics, or other representative 

values. It is important to carefully consider the context 

and the validity of all assumptions when applying the 

model. It is necessary to tailor the model assumptions 

to the country context. The model needs refinement and 

improvement as more reliable information become 

available. However, disease burden estimation by 

quantitative microbial risk assessment does not replace 

epidemiology, but the two approaches to health 

assessment are complementary. 
 

CONCLUSIONS 

 

   The disease burden estimation by quantitative 

microbial health risk assessment has proved to be a 

useful tool for comparing the potential burden of 

microbial diseases associated with ingestion of 

microbial pathogens in drinking water from different 

sources. This assessment provides essential 
information like relative health risks of different health 

outcomes associated with water quality parameters and 

water from different sources, quantifiable improvement 
and residual health risk by different interventions and    

a 
 

delineation of most cost-effective interventions in water 

supplies to reduce disease burden. The errors in model 

estimates arise from scarcity of epidemiological data in 

Bangladesh. The model needs further refinement by 

incorporating more accurate data and assumptions as new 

information become available in future.  
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