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 Microbiological risk assessment (MRA) is 
an emerging technique to evaluate the risk 
of diarrheal infections due to aging water 
infrastructure and adapting pathogens. 
MRA is currently a prominent topic in 
research with a specific area for 
development being improving the utility of 
meteorological data in disease forecasting. 
As global climate change is predicted to 
lead to an increase in extreme precipitation 
events, determining the role of weather in 
the increase in the rates of waterborne 
diseases is a public health priority. The 
purpose of my thesis project is to model 
the relationship between diarrheal 
infections caused by bacterial, viral and 
protozoal agents and environmental risk 
factors related to meteorological 
conditions. Major questions to be 
answered my thesis are: 
1) What are the strongest environmental 
predictors of increased risk of diarrheal 
disease of different origins (bacteria, 
viruses, parasites); and 2) How does their 
predictive ability vary seasonally 
(temporally) and between urban and rural 
locations (spatially)? Many studies have 
found associations between meteorological 
parameters and transmission and 
distribution patterns of diarrheal diseases. 
However, no distinct relationships have 
been established between meteorological 
and water quality parameters and 
diarrheal disease rates that can be applied 
in a predictive manner to specific causative 
agents in settings with similar climate and 
water, sanitation and hygiene (WASH) 
practices. Before meteorological data can 
be successfully utilized in the forecasting of 
diarrheal disease, further modeling is 
necessary accounting for the following 
major deficiencies that were discovered in 
the literature review: 1) coarse time 
resolution in weather data; 2) inability to 
stratify the results by age and vulnerability 
status; and 3) inability to determine the 
specific causative agent. Furthermore, 
potential utility of remote sensing in 
assessing climate-related and other 
environmental risk factors more 
systematically across various locations 
could play a significant role in the 
standardization of the this methodology. 
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Microbiological risk assessment (MRA) 

• Risk is the chance of harmful effects to an ecological 
system or human health resulting from an exposure to 
environmental stressor (USEPA) 

• Environmental stressor is any physical, chemical or 
biological agent that can induce an adverse response 

• Risk assessment is a commonly used scientific process to 
study chemical exposures 

• MRA and its application to microbiological safety of 
drinking water is relatively new (Figure 1) 

Climate variability 

• Well-recognized consequences of climate change: 1) 
rise in temperature, 2) sea level rise; 3) extremes in 
hydrologic cycle 

• Diarrheal diseases of bacterial, viral and protozoal origin 
have shown strong cyclical periodicity influenced by 
monsoon seasons, sea-surface temperature and rainfall 
• Milwaukee cryptosporidiosis outbreak of 1993 

corresponded with heavy spring rains and snowmelt 
• Inter-annual variability due to extreme weather events 

caused by natural phenomena such as El Nino 
• In Lima, Peru, childhood diarrhea cases increased 

more than 2-fold from expected during the 1997-8 El 
Nino event 

Role of meteorological parameters in risk factors 

• Relate the rates of diarrheal diseases directly to 
commonly collected meteorological data 

• Less involved than expensive water quality monitoring 
• Can’t always distinguish between active and inactive 

pathogens 
• Problems with using chlorine sensitive indicator 

organisms 
• Can be employed in resource-poor areas where water 

quality monitoring is not feasible 

 BACKGROUND 

Figure 1: Schematic application of the ILSI risk assessment 
framework (Haas and Eisenberg, 2001) 
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Study background 

• Thesis is part of on-going collaborative project between Tufts University and the Christian 
Medical College (CMC) called the Environmental Predictors of Water Safety and Enteric 
Infection in Vulnerable Populations Study.  

• Two urban and three rural  study communities near Vellore in Tamil Nadu province in Southern 
India (Figure 2). 

• Study families with children under five years were enrolled in August 2010 
• Total 223 families (76 rural and 147 urban) 

• Study period: August 2010 to March 2012 
• Data collected during the study (Table 1) 

• Water quality in public taps and individual households 
• Diarrheal disease cases 
• Household information regarding water, sanitation and hygiene related behaviors 

• Brief outline of methodology and timeline is presented in Figure 3. 

 Figure 2: Map of study communities  

Data source Data set Variables Type Comment

maximum daily temperature (°C) Continuous

minimum daily temperature (°C) Continuous

relative humidity @ 0830 (%) Continuous Bounded

relative humidity @ 1730 (%) Continuous Bounded

precipitation (mm) Continuous

pH Continuous Bounded

nitrate (ppm) Continuous Resolution 5 ppm

total dissolved solids (ppm) Continuous

coliform (colonies/100 ml) Continuous

fecal coliform (colonies/100 ml) Continuous

fever (yes/no) Categorical

vomiting (yes/no) Categorical

family members sick (yes/no) Categorical

rotavirus (yes/no) Categorical

parasite (yes/no) Categorical

bacteria culture (yes/no) Categorical

pathogenic E.coli (yes/no) Categorical

Household size (#) Ordinal

Household income (rupees) Continuous

Number of animals (#) Ordinal

Proximity of animals to house Categorical

Child contact with animals (yes/no) Categorical

Animal waste handling practices Categorical

Designated drinking water container (yes/no) Categorical

Designated drinking water dipper (yes/no) Categorical

Family purifies drinking water (yes/no) Categorical

Method of drinking water purification Categorical

Drinking water used to wash fruits (yes/no) Categorical

Location of garbage disposal Categorical

Family has a latrine (yes/no) Categorical

Place of defecation Categorical

Family washes hands after defecation (yes/no) Categorical

What family uses to wash hands Categorical
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 Table 1: Available data variables 
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1 Explore relationships between variables and construct predictive model

-- First field visit to Vellore to become familiar with study sites

1a. Establish seasonal patterns for meteorological and water quality parameters

1b. Establish seasonal patterns for diarrheal disease of bacterial, viral and protozoal origin

1c. Establish statistical relationships between meteorological and water quality parameters and diarrheal disease

1d. Explore spatial patterns between exposure variables and outcomes using GIS

1e. Construct a statistical model to predict rates of diarrheal disease for different age groups and causal agents

2 Validate predictive model

2a. Predict the rates of diarrheal disease using the model and given the meteorological parameters

2b. Compare predicted values to actual rates of disease observed in new epidemiological study

3 Explore the possibility of incorporating remote sensing data as a proxy for weather related risk factors

2012 2013
Task

 Figure 3: Timeline of research activities 

Actual M2 M3

Mean 33.56 33.56 33.56

Med 33.50 33.66 33.74

Var 10.95 9.45 8.24

Q1 30.85 30.81 30.80

Q3 35.60 35.69 35.91

LN RAIN M2 M3

Intercept 2.09822 1.5489

week -0.005725 --

sin(week) 0.93419 --

cos(week) 1.05432 --

sin2(week) 0.001844 --

cos2(week) -0.54147 --

s1 -- 0.652

s2 -- 1.4124

s3 -- 1.905

s4 -- -0.785

s5 -- -1.2629

R2 0.48 0.49

AIC 297.56 296.07

df 81 81

MAX TEMP M2 M3

Intercept 33.920757 38.6778

week 0.007328 --

sin(week) -4.10787 --

cos(week) 1.28066 --

sin2(week) 1.33165 --

cos2(week) -0.74415 --

s1 -- -2.8778

s2 -- -4.934

s3 -- -7.8778

s4 -- -8.4278

s5 -- -2.7644

R2 0.86 0.75

AIC 294.84 346.45

df 81 81

HUMID PM M2 M3

Intercept 57.48627 46.444

week -0.01938 --

sin(week) 17.2371 --

cos(week) 4.1628 --

sin2(week) -3.46475 --

cos2(week) -4.74911 --

s1 -- 5.465

s2 -- 18.056

s3 -- 31

s4 -- 13.5

s5 -- -6.378

R2 0.76 0.66

AIC 612.88 643.37

df 81 81

Actual M2 M3

Mean 58.56 58.56 58.56

Med 58.00 58.00 59.94

Var 244.37 186.55 162.28

Q1 45.00 46.91 46.44

Q3 71.00 71.30 64.50

Actual M2 M3

Mean 1.90 2.03 1.91

Med 2.00 1.42 2.20

Var 2.96 0.87 1.46

Q1 0.00 2.99 0.76

Q3 3.63 2.99 2.96

Med pH M2 M3 M14

Intercept 7.83824 7.73 9.7311

week

sin(week) -0.14922 -0.3796

cos(week) 0.03653 0.52429

sin2(week) 0.06574 0.15739

cos2(week) 0.2378 -0.1203

s1 0.3075 0.26763

s2 0.2367 0.21602

s3 -0.255 0.04401

s4 0.22 0.65922

s5 0.3033 0.50985

max temp

min temp -0.0942

hum am

hum pm

ln rain

R2 0.28 0.32 0.44

AIC 28.96 29.507 33.871

df 23 22 17

Med TDS M2 M3 M13 M14

Intercept 718.471 861.2 1542.2 798.235

week 1.452 3.703

sin(week) -100.3 -75.802 -11.787

cos(week) 100.97 182.84 108.57

sin2(week) 21.539 37.174 16.2

cos2(week) 18.893 -44.424 -13.936

s1 43.55 -90.502 -14.776

s2 8.133 -189.83 -60.18

s3 -162 -291.9 -138.64

s4 -164.8 -151.84 -7.864

s5 -120.4 55.942 -5.144

max temp -24.25

min temp 1.573

hum am

hum pm

ln rain

R2 0.82 0.75 0.91 0.84

AIC 302.02 311.06 293.37 308.2

df 22 22 16 17

Med coliform M1 M3 M15

Intercept 3260 1310 -6451.18

week

sin(week) 2167.7 -5464.2

cos(week) -145.8 -1184.34

sin2(week) -1398.41

cos2(week) 3115.28

s1 977.5 254.49

s2 3173.3 9201.72

s3 4356.7 13072.4

s4 2740 2231.54

s5 790 -1383.31

max temp

min temp

hum am 74.63

hum pm

ln rain

R2 0.41 0.45 0.70

AIC 508.55 512.15 505.7

df 25 22 17

Actual M2 M3 M14

Mean 7.84 7.83 7.86 7.84

Med 7.90 7.87 7.95 7.91

Var 0.16 0.05 0.05 0.08

Q1 7.74 7.65 7.73 7.68

Q3 8.06 8.03 8.03 8.05

Actual M1 M3 M15

Mean 3283.93 3598.62 3621.68 3572.48

Med 2900.00 3892.35 4050.00 2931.03

Var 5923899 2104095 2242630 5640274

Q1 1075.00 2368.36 2100.00 1748.46

Q3 4750.00 4970.19 4483.30 4867.80

TDS M2 M3

Mean 784.23 760.74 779.82

Med 770.00 768.54 740.83

Var 9683.29 10766.84 7264.09

Q1 715.25 672.54 699.17

Q3 859.25 845.21 869.33

TDS M13 M14

Mean 784.23 732.72 781.38

Med 770.00 744.16 757.76

Var 9683.29 20835.12 7670.25

Q1 715.25 666.78 707.59

Q3 859.25 852.26 871.56


