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ABSTRACT
Background: The disease burden of infectious diarrhea cannot be underestimated. Its seasonal patterns
indicate that weather patternsmay play an important role and have an important effect on it. The objective
of this study was to clarify the relationship between temperature and infectious diarrhea, and diarrhea-like
illness.

Methods: Distributed lag non-linear model, which was based on the definition of a cross-basis, was used to
examine the effect.

Results: Viral diarrhea usually had high incidence in autumn-winter and spring with a peak at -6°C;
Norovirus circulated throughout the year with an insignificant peak at 8°C, while related bacteria usually
tested positive in summer and peaked at 22°C. The lag-response curve of the proportion of diarrhea-like
cases in outpatient and emergency cases revealed that at -6°C, with the lag days increasing, the
proportion increased. Similar phenomena were observed at the beginning of the curves of virus
and bacterial positive rate, showing that the risk increased as the lag days increased, peaking on
days 16 and 9, respectively. The shape of lag-response curve of norovirus positive rate was different from
others, presenting m-type, with 2 peaks on day 3 and day 18.

Conclusion: Weather patterns should be taken into account when developing surveillance programs and
formulating relevant public health intervention strategies.
Key Words: infectious diarrhea, diarrhea-like illness, ambient temperature, distributed lag non-linear
model (DLNM)

Infectious diarrhea is an intestinal infectious
disease with the main clinical characteristics of
diarrhea (3 or more daily bowel movements and

abnormal fecal traits), accompanied by nausea, vomit-
ing, abdominal pain, fever, loss of appetite or general
discomfort.1 It can be caused by a variety of bacterial,
viral and parasitic organisms.2 The total number of
deaths from diarrhea was 1.57 million in 2017, at a rate
of 21.6 deaths per 100000, with deaths showing
an increase of 15.0% for adults older than 70 years.
In 2017, the estimated years of life lost (YLLs) of diar-
rhea was 1009.1 per 100000, ranked fifth in terms of
total YLLs.3

In recent years, the relationship between meteoro-
logical factors and infectious diseases has received
attention. Meteorological factors such as temperature,
relative humidity, and rainfall are linked to the repli-
cation, persistence, and transmission of pathogens in
the environment, and are considered to be closely
related to the spread of infectious diseases.4-6 Infectious
diarrhea occurrence in humans also displays strong
seasonal patterns.7 Provinces of China in intermediate
latitudes, demonstrate that the prevalence of infectious
diarrhea usually has 2 peaks; autumn-winter and spring

are the high incidence periods of viral diarrhea,
while summer is the high incidence period of bacterial
infectious diarrhea.8,9

Available research in this area has focused mainly
on the relationship between bacterial dysentery and
meteorological factors,10,11 however despite the
availability of a few studies exploring the relationship
between infectious diarrhea caused by a single patho-
gen such as norovirus, rotavirus and meteorological
factors,12 other studies used models that could not
reflect the lag effect.13,14 There is therefore, limited
understanding of the relationship, especially the
exposure-lag response, between the infectious diarrhea
caused by pathogens other than parasites, andmeteoro-
logical factors. In view of the current disease burden
and deficiencies of research on infectious diarrhea,
we introduce the distributed lag non-linear model
(DLNM) to illuminate the influence of temperature
on infectious diarrhea and diarrhea-like illness, based
on the surveillance and laboratory data from 2013 to
2018 in Wuxi, China.

Wuxi is a prefecture-level city in Jiangsu province,
which is located in the middle of China, with an area
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of 4627.47 km2 and a resident population of approximately
6.57 million people in late 2018. Wuxi has 5 administrative
districts and 2 county-level cities. It belongs to the north
humid subtropical monsoon climate zone, with 4 distinct sea-
sons, sufficient heat, abundant rainfall, and rain and heat in
the same season.15

METHODS
Data Sources
According to the comprehensive monitoring program
for infectious diarrhea in Jiangsu province (2018 edition),
diarrhea-like illness cases are defined as an increase in the
number of daily stool movements (children aged 1 and over,
adolescents and adults: ≥ 3 times/day, babies breastfed within
6 months:≥ 6 times/day, infants artificially fed within
6 months and infants between 6 months and 1 year old:
≥ 4 times/day), accompanied by changes in stool characteris-
tics, such as loose stool and watery stool. Diarrhea-like illness
cases are reported weekly through a monitoring system by the
sentinel hospitals. At least 40 stool specimens are collected
monthly from the sentinel hospitals, with priority given to
cases who have not been treated with antibiotics.

We collected the time series daily data from 2013 to 2018,
including diarrhea-like illness cases from the monitoring
system, and average ambient temperature, relative humidity
and rainfall from Wuxi Meteorological Service Center.
Diarrhea-like illness case data were standardized based on
diarrhea-like illness cases per 10000 outpatient visits.

DATA ANALYSIS
A quasi-Poisson generalized linear model combined with a dis-
tributed lag non-linear model (DLNM) was applied to explore
the potential exposure-lag response association between diar-
rhea-like illness cases, positive bacteria and virus cases and
daily average ambient temperature. The modeling framework
was based on the definition of a cross-basis, which defined the
conventional exposure-response relationship and the addi-
tional lag-response relationship respectively.16 Relative
humidity and rainfall as the potential confounders, which were
reported as the predominant environmental factors on survival
of the enterovirus,4 were introduced into the model. The final
model was:

Log E Ytð Þ½ � ¼ αþ cb Tmean, lagð Þ þ ns Humt, dfð Þ

þ ns Rainfallt, dfð Þ þ ns Timet,
7

year

� �
þ γDowt

Where Yt respectively denoted the reported daily proportion of
diarrhea-like illness cases, bacterial positive rate, virus positive
rate and norovirus positive rate at day t; cb Tmean, lagð Þ indi-
cated the cross-basis matrix of temperature included to explore
the daily mean temperature cumulative and delayed effects;
ns Humt, dfð Þ and ns Rainfallt, dfð Þ represented the natural spline

function for confounding relative humidity and rainfall;

ns Timet, 7
year

� �
denoted the natural spline function of time to

adjust the long-term trend and seasonality (7/year); and Dow
(the day of the week) was to control any deviation from the
weekly pattern with a reference day of Sunday. According to
the incubation periods and previous studies, the days of lag in
the model were estimated at 21 days to cover all possible lag
effects.17 The final composition of the function was a natural
cubic spline of temperature with 4 df and relative humidity
and rainfall with 3 df.17 The mean temperature value with the
lowest risk was selected as the reference to calculate the relative
risk (RR).

Sensitivity Analysis
We performed sensitivity analysis to test the robustness
of results by varying df for temperature, relative humidity,
rainfall and time. R software (version 3.2.1, R Foundation
for Statistical Computing, Vienna, Austria) was used for our
analysis.

RESULTS
General Characteristics
There were 2 peaks of infectious diarrhea from 2013 to 2018:
autumn-winter and spring with high incidence of viral
diarrhea, and summer with high incidence of bacterial
infectious diarrhea. A total of 3214 specimens were tested
in laboratories and 835 (25.98%) were positive, of which
291 (9.05%), 544 (16.93%) and 328 (10.21%) were positive
for bacteria, virus and norovirus (Figure 1).

Table 1 reports the descriptive statistics of temperature, rela-
tive humidity, rainfall etc, and the proportion of diarrhea-like
illness cases in outpatients and confirmed cases, on the scale of
every 10000 outpatient visits from 2013 to 2018.

Temperature and Lag–risk Association
Figure 2 shows the cumulative effects of average temperature
on the proportion of diarrhea-like illness cases (P), bacterial
positive rate (PB), virus positive rate (PV) and norovirus
positive rate (PN) respectively within 21 lag days. The temper-
ature values with the lowest risk were used as references to
estimate the effects (RR), which were 23°C for P, -6°C for
PB, and 36°C for PV and PN. The risk of P reached its highest
at -6°C (RR = 2.08, 95% CI: 1.55-2.78), gradually decreased
until it reached the lowest value at 23°C and then increased.
The risk of PB first increased very slowly with increasing tem-
perature; at 14°C it began to increase significantly, peaked
at 22°C (RR= 1.72, 95% CI: 1.00-2.97), then dropped
with temperature. The non-linear relationship curve for PV
decreased with temperature. The risk curve of PN showed a
general trend of rising first and then declining, reaching the
highest at 8°C (RR= 1.12, 95% CI:0.55-2.28) (Figure 2,
Table 2).
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FIGURE 1
Diarrhea-Like Illness Cases and Number of Specimens Positive for Infectious Diarrhea in 2013–2018.

TABLE 1
Descriptive Statistics of Daily Meteorological Variables, Diarrhea-Like Illness Cases and Confirmed Cases in Wuxi, China,
2013-2018

Variables Mean ± SD Min P25 P50 P75 Max
Mean temperature (℃) 17.27 ± 9.15 −6.10 9.20 18.00 24.55 36.00
Relative humidity (%) 72.54 ± 13.63 27.00 63.00 73.00 83.00 100.00
Rainfall (mm) 3.47 ± 11.07 0.00 0.00 0.00 1.00 160.70
Proportion of diarrhea-like illness cases (‰) 638.75 ± 231.04 308.78 496.53 576.52 714.62 3250.50
Bacterial positive rate (%) 4.77 ± 7.51 0.00 0.00 0.00 7.69 49.47
Virus positive rate (%) 12.64 ± 17.39 0.00 0.00 7.40 18.17 195.03
Norovirus positive rate (%) 6.92 ± 10.33 0.00 0.00 3.91 10.43 130.02

TABLE 2
The Highest RRs for Cumulative and Separate Effects and Corresponding Temperature in Wuxi, China, 2013-2018

Cumulative effect Separate effect
Reference Temperature (℃)* Max RR (95% CI) Variable Value Max RR (95% CI) Variable Value Lag

Proportion of diarrhea-like
illness cases

23 2.08(1.55, 2.78) −6 1.13(1.06, 1.20) −6 21

Bacterial positive rate −6 1.72(1.00, 2.97) 22 1.11(1.07, 1.15) 22 9
Virus positive rate 36 6.96(2.24, 21.62) −6 1.30(1.18, 1.44) −6 16
Norovirus positive rate 36 1.12(0.55, 2.28) 8 1.17(1.09, 1.24) 8 18

* Taking the lowest risk values as references.
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Based on the results above, we analyzed delayed associations
between some specific temperatures and outcomes related to
infectious diarrhea (Figure 3). The temperatures correspond-
ing to the highest point of the cumulative curve were selected

as the specific temperatures to explore the effect of different lag
days on. For P and PV, the specific temperature value was -6°
C, while specific temperatures for PB and PNwere 22°C and 8°
C respectively (Table 2). For P, the risk increased slowly with

FIGURE 2
Cumulative Association and Temperature Distribution of Diarrhea-Like Illness Cases and Confirmed Cases in Wuxi, China
(Lag= 21).

FIGURE 3
Lag-Response Association at Different Temperatures Corresponding to the Maximum Cumulative Effect.
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the days of delay, beginning to exceed 1 from the 4th day and
reaching the peak on the 21st day (RR= 1.13, 95% CI: 1.06–
1.20). The lag-risk curve of PB showed that the RR gradually
increased with time, reaching the peak on the 9th day
(RR = 1.11, 95% CI: 1.07–1.15), and then decreasing until
the 19th day when it began to rise again. The
risk exceeded 1 from days 3 to 15 and 21. The curve of
PV was similar to P at the beginning, as RR gradually
increased with the number of lag days until the 16th day
(RR = 1.30, 95% CI: 1.18–1.44) when the risk began to
decrease rapidly. RR was above 1 from day 3 to day 20.
The shape of lag–response curve of PN was different from
others, presenting m-type. The risk of PN gradually increased
until it peaked on day 3 (RR = 1.04, 95% CI: 0.98–1.11),
then fell to the lowest point on day 10, and increased again
with lag days to reach the second peak on day 18 (RR = 1.17,
95% CI: 1.09–1.24).

Sensitivity Analysis
Adjusting the df of temperature (3-5), relative humidity (2-4),
rainfall (2-4) and time (42-56) separately, obtained similar
results, indicating that the results were robust (Figure 4).

DISCUSSION
We applied DLNM to assess the relationship between ambient
temperature and the proportion of outpatient visits with
diarrhea-like cases, and the proportion of different pathogens
(other than parasites) that caused infectious diarrhea, using
data collected from 2013 to 2018 in Wuxi, China. The rela-
tionship has not been systematically explored and this study,
to our knowledge, is the first attempt to establish a connection
between them. Previously, related research focused on analyz-
ing the relationship between bacterial diarrheas such as
bacterial dysentery, and meteorological factors. With the
application of rotavirus vaccines, norovirus has become
the main cause of viral infectious diarrhea outbreaks in the
collective units.18 Therefore, while analyzing the relationship
between viral infectious diarrhea and temperature, this study
further analyzed the relationship between infectious diarrhea
caused by norovirus and temperature.

As shown in Figure 1, based on the percentage of positive
specimens for bacteria/viruses, the activity of pathogens that
caused infectious diarrhea appears to drive up the proportion
of outpatients with diarrhea-like cases. However, since there
were only 8 provincial-level surveillance sites for pathogenic
surveillance in Wuxi in 2013, 9 new surveillance sites
at the municipal level were added in 2014. In addition, the
criteria for E. coli changed from manual isolation and culture
to PCR detection in 2014, increasing the detection rate of
bacteria, which could to some extent explain the low number
of positive specimens and the low detection rate of bacteria
in 2013.

Figure 1 combined the cumulative association curve while
Figure 2 indicated that bacterial infectious diarrhea circulated
at higher temperatures, while viral diarrhea circulated more
at lower temperatures. This was consistent with previous
research.10,19,20 Checkley, et al. reported that high temperatures
might promote the growth of bacteria and prolong the survival
time of bacteria in the environment and in contaminated food,
which would increase the risk of infection.21 Atchison, et al.
demonstrated that temperature was related to the effective
reproductive number of rotavirus and low temperatures
increased the rotavirus transmission.22Norovirus showed similar
findings. Bozkurt, et al. surmised that the viability and infectivity
of norovirus was lost rapidly with temperature increase.23

Therefore, it could be concluded that lower temperatures poten-
tially enhance the viability of the virus, and higher temperatures
are more conducive to the survival of bacteria.

For the delayed effects of specific temperatures, the lag-RR
curve of P and PV rose slowly at first, with a larger range of
PV than P; however, while PV began to decline on the
16th day of lag, PB reached the maximum RR earlier than
P and PV, and PN quickly reached the first peak, then
declined, and reached the second peak on the 18th day.

STUDY LIMITATIONS
There are some limitations in our study. First, the cumulative
effect of norovirus was not apparent. This might be due to the
small sample size, and the research period which will need to be
further extended to clarify the effect of specific pathogens.
Second, we could not directly link temperature and cases,
and only emphasized the importance of temperature effects
on infectious diarrhea. In our study, we applied meteorological
data instead of individual exposure data, which might have
caused some bias in the results. Also, we did not have direct
evidence to prove that climate influenced people’s behavior
and thus affected the spread of pathogens. Third, our data
was collected from 1 city, which might limit the applicability
of our findings to other locations, particularly for areas with
different climates. However, our research also had a lot of
strengths. For example, as far as we know, it is the first known
study to explore the effects of ambient temperature on the
proportion of outpatients with diarrhea-like cases, and the
proportion of different pathogens (other than parasites) that
cause infectious diarrhea. Moreover, we used daily data, which
provided more accurate and timely information than weekly or
monthly data.

CONCLUSION
Our study suggested that meteorological factors should
be taken into account when formulating relevant public
health strategies. For example, a disease warning system can
be established based on daily meteorological data, and health
promotion and education work can be done on the epidemic
diseases in different seasons.

The Effect of Ambient Temperature on Infectious Diarrhea and Diarrhea-like Illness

Disaster Medicine and Public Health Preparedness 587

https://doi.org/10.1017/dmp.2020.340 Published online by Cambridge University Press

https://doi.org/10.1017/dmp.2020.340


FIGURE 4
Sensitivity Analyses Adjusting The df of Temperature, Relative Humidity, Rainfall and Time.
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