
Rev Environ Health 2019; 34(1): 1–3

Editorial

Simon Hales*

Climate change, extreme rainfall events, drinking 
water and enteric disease
https://doi.org/10.1515/reveh-2019-2001

Recent extreme climatic events show how vulner-
able modern societies are to climate variability. Storms, 
droughts, heatwaves, fires and floods and their often 
severe effects on affected populations are documented 
every day in global media. In this editorial, I outline 
evidence linking extreme rainfall events, water quality 
and enteric disease, and ask how this evidence might be 
applied to better understanding of the impacts of climate 
change.

In New Zealand, a major outbreak of campylobac-
teriosis was recently linked to contamination of a local 
water supply following heavy rainfall. This was the 
largest recorded outbreak of water-borne disease in New 
Zealand (and probably for water-borne campylobacteri-
osis in the world) resulting in an estimated 5500 cases, 
45 hospitalisations and three deaths. It triggered a major 
official inquiry which generated two substantial reports 
and recommendations for a major overhaul of New 
Zealand’s drinking water system (1). The Inquiry noted 
that: “Drinking water contamination has the potential 
to affect extraordinarily large numbers of people and 
to cause harm at a level which is extremely serious to 
individuals, communities, businesses, New Zealand’s 
tourism industry and to society as a whole” (1). The 
Inquiry highlighted the importance of the multi-barrier 
approach to prevention of water-borne disease, and 
noted events such as extreme weather that challenge the 
treatment process are important warning signs of poten-
tial contamination.

Internationally, research is now filling in the con-
nections between climate change, altered rainfall pat-
terns, rising temperatures and health outcomes (2, 3). 
While it is difficult to quantify precisely effects of climate 
change on rainfall, observed climate trends are consistent 
with the projected effects. The frequency and/or inten-
sity of extreme rainfall events is projected to increase 
(4). However, attempts to quantify the potential effects 
of global climate change on enteric disease have so far 
accounted for effects of increasing temperature, but not 
rainfall. The main reason for this is the heterogeneity of 

rainfall effects in different settings, making extrapolation 
of these results to potential future impacts difficult.

The role of weather and climate factors in waterborne 
infections has recently been reviewed. A total of 24 studies 
were identified between 2001 and 2013, mainly from Asia 
and North America (5). Most studies reported a posi-
tive association between increased temperature or rain-
fall and enteric infection, after a variable lag period. Six 
studies reported no significant association between rain-
fall and enteric disease, while two studies reported posi-
tive associations with both increased and reduced rainfall. 
The authors recommended further studies “…examin-
ing potential effect modifiers, such as the specific type 
of microorganism, geographical region, season, type of 
water supply, water source or water treatment, in order to 
assess how they modulate the relationship between heavy 
rain events or temperature and waterborne disease” (5). 
A subsequent case-control study in the Nordic countries 
found that extreme rainfall events were significantly asso-
ciated with the occurrence of enteric disease outbreaks 
(6).

A review of time series studies of water treatment 
plant parameters and enteric disease focussed on urban 
areas in developed countries (7). A significant association 
between turbidity (or particle count) in supplied water 
and enteric disease was reported in 11 of 17 sites, but the 
strength of the association varied by site. Water tempera-
ture, river flow, and water supply flow were significant 
risk factors for enteric disease (7). A time series study of 
weather, water quality and enteric disease in France and 
Spain also reported site-specific associations with turbid-
ity, especially after runoff events following a dry period 
(8). This study used prescription reimbursements as a 
proxy for enteric disease, which they estimated might 
account for about a third of enteric disease cases treated 
at home.

A review of the relationships between groundwater 
contamination and outbreaks of acute gastrointestinal 
infection (enteric disease) identified 649 studies globally 
(9). The authors estimated that between 35 and 59 million 
cases of enteric disease were attributable to the con-
sumption of groundwater annually. The main pathogens 
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identified were Campylobacter, Shigella, hepatitis A, 
Giardia and norovirus. Cryptosporidiosis has also been 
the cause of several large outbreaks (3, 10).

In New Zealand, associations between climate and 
enteric disease have been analysed in several studies, 
including a descriptive study (11), time series studies (10, 
12, 13), a spatial study (12) and in spatio-temporal analyses 
(14, 15). Results to date have not always been consistent, 
but there are indications that some enteric diseases caused 
by specific pathogens are sensitive to climate factors. For 
example, in a spatial study of small areas (census area 
units), there was a positive association between rainfall 
and cryptosporidiosis and the effect of rainfall was modi-
fied by the quality of the domestic water supply (12).

Historically, New Zealand has experienced high rates 
of enteric disease in comparison to similar countries 
(16–18). This elevated risk may be related, in part, to high 
numbers of livestock. Studies have reported positive asso-
ciations between cryptosporidiosis and livestock densi-
ties (14, 17). Another relevant factor is low population 
density, which makes it difficult to provide community 
drinking water supplies of high quality. Only about two-
thirds of the New Zealand population has access to water 
supplies that meet the drinking water standards. Meeting 
the standards does not guarantee safety, but makes it less 
likely there will be major disruption following unusual 
events such as heavy rain, droughts, power failures, or 
organisational failures.

Future estimates of the impact of climate change 
on drinking water quality and enteric disease should 
attempt to incorporate estimates of the potential impacts 
of changes in rainfall as well as temperature. This will 
require better understanding of contextual modifying 
effects on observed climate-health associations. Where 
available, water quality data might act as a useful proxy 
for the effect of climate variability on pathogen exposure. 
In turn, although not pathogen specific, prescription data 
may be a good proxy for enteric disease incidence. Pub-
lished studies often report overall associations between 
climate variability and enteric disease, without exploring 
potential effect modification (e.g. (19)). Where time series 
of enteric disease and climate data are available for multi-
ple subnational regions, future studies should reanalyse 
these data along with subnational covariates such as land 
use, hydrology, type of water supply, water sources and 
water treatment, sanitation and socio-economic factors.
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