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ABSTRACT
Background: The Diarrhoeal diseases remain to be a public health concern despite the existence of preventive measures and developing are
the most affected. It affects more children under five years compared to the rest of the population. The burden of childhood diarrhoea
varies with geographical area and time bound. A part from this variation, the link between climate change and diarrhoea among children
under five years has not been well understood. This study aims to determine the trends, spatial temporal and seasonal characteristics of
diarrhoea diseases among Rwandan children under five years using routine Health Management Information System (HMIS) data from 2014
to 2018.
Methods: This was an ecological study using retrospective data analysis. Incidence were used to examine the trend, and excess hazard was
assessed to determine the risk and likelihood for the occurrence of cases. Retrospective Discrete Poisson model was used to identify spatial,
temporal and spatial-temporal clusters of diarrhoea. Linear regression was used to assess relationship between climatology variables and
the diarrhea diseases cases.
Results: In total, 1,012,827 new diarrhoeal diseases episodes were reported during 2014-2018 with an annual incidence rate of
12,669/100,000 children under five years. Excess risk was noticed in 12/30 (40%) of country’s districts (RR>1). Most significant spatial clusters of diarrhoea were observed in the northern province (RR=1.66, p<001). We found a statistically significant positive and negative relationship between diarrhoeal disease, and temperature and rainfall respectively (p<0.001). Increase in one millimeter of rainfall was associated with decrease of 14 cases of diarrhoea while increase of one degree Celsius of temperature was associated with an increase of 17
diarrhoea cases.
Conclusion: The findings of this study revealed a disproportionate distribution of diarrhoeal diseases across districts. Furthermore,
significant association between diarrhea diseases and climate dynamics was observed. This call for public attention to most affected districts
with special consideration of climate changes while planning and designing interventions.
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Introduction
Diarrhoeal diseases still a public health problem, Low-income,
and Middle-Income Countries (LMICs) being most affected.
The occurrence of diarrhoea can range from moderate to
severe case, severe diarrhoea can lead to excessive loss of fluid
hence cause dehydration [1]. Diarrhoeal diseases results mostly among others from rotavirus infection as viral infection. Major responsible bacteria include Shigella, Salmonella, campylobacter as well as Yersnia. Responsible protozoa include giardia, entamoeba, and cryptosporidium [2].
The global analysis of the morbidity diarrhoea reported an
estimated 2.39 billion cases worldwide in 2015 [3], children
below five years and old adult are at high risk [4]. In 2016, it
was reported to the be the 9th among the top cause of death
throughout the world (1.4 million death), 2nd and the 6th
major cause of death in LMIC respectively [5]. In the
investigation conducted in 2016 on the burden of diarrhoea
from 195 countries, collaborators found it to be the 8th major
cause of death in all age and was responsible of 1,655,944
deaths. It was ranged as the fifth in children under five years
(446,000deaths) [6]. Roughly, 1.7 billion diarrhoea cases occur
annually and diarrhoea is responsible of more than a half
million children death each year [1]. Diarrhoea was reported to
be a major cause of Disability Adjusted Life of Years (DALYS)
specifically in younger children and causing 71.59 million
DALYS [4].
Through the global assessment of diarrhoeal diseases burden
for the period of 26 years (1990-2016), Rotavirus was most
common etiology of diarrhoea amongst children under five
years (128,515 deaths). The most common risk factors
attributed to diarrhoeal diseases are poor sanitation, unsafe
water and child undernutrition [6]. Although sanitation have
been improved in most of countries worldwide, 780 million
have limited access to portable water and 2.5 billion
experience difficulties to access cleanliness services [7].
Children with high risk are those with suppressed immunity
and undernourished [6]. Globally, diarrhoea is a major cause of
malnutrition among children under five years. Children in
LMICs experience around three events of diarrhoea per year,
hence preventing appropriate nutrients intake necessary for
child growth [1].
Diarrhoeal diseases affect more children under five years in
Rwanda; the National Institute of Statistics of Rwanda (NISR)
reported gastro-intestinal diseases as the 9th among the top
causes of death in 2014-2015 [8] and the second leading cause
of morbidity in children under five years in health centers in
2016 after acute respiratory infection [9]. The morbidity of
childhood diarrhoeal diseases has been observed in several
studies to be associated with climate changes [10–14] .
Furthermore, geographical and time disparities of diarrhoeal
diseases were reported in different studies [10,15–18].

informed interventions at each level within the Rwandan
health system. Adopting such decisions would enhance
prevention and control interventions, effort and proper
resources allocation for diarrhoeal diseases interventions.
Despite, the importance of such evidences, there is a scarcity
of studies focusing on spatial, time and seasonal pattern of
diarrhoeal diseases in Rwanda. In response, this study was
conducted to determine the trend of diarrhoeal diseases in
Rwandan children under five years, space-time, and seasonal
characteristics using routine HMIS data.

Methods
Study settings
The study included countrywide data from all health facilities
and all Community Health Workers located in all 30 districts.
Study design
The study design consisted of an ecological study employing
retrospective data analysis.
Data sources
Data were extracted from the Health Management
Information System (HMIS) for new cases of diarrhoeal
st
st
diseases from January 1 , 2014 to December 31 , 2018. The
Rwanda Meteorology Agency provided climatology data
including daily minimum and maximum temperature, and daily
st
st
rainfall from the January 1 , 2014 to December 31 , 2017.
Data analysis
Data were cleaned and summarized using Microsoft Excel to
compute monthly incidence of diarrhoeal disease, monthly
average of temperature and rainfall from each district. The
trend of annual and monthly incidence was computed for the
five years with reference to seasonal patterns and time
specifications. Incidence rate was calculated per 1,000 children
under five years. The trend of cases and clustering data was
presented to determine changes related to temperature and
rainfall and trend changes of diarrhoea across the country.
To determine the risk and likelihood for the occurrence of
diarrheal diseases, an excess hazard was computed; the
process consisted of calculating the ratio of observed over
expected cases per each district and were plotted on the
Rwandan districts map by the aid of the Geographical
Information System (ArcGIS). The number of expected cases
was determined using the following formula: E[c] =p*C/P.
Where c corresponds to the cases observed, p refers to the
population per each district, C and P consist of the sum of
cases as well as population.
Scan statistics was completed using SaTScan software version
9.6. A retrospective analysis was completed using the Discrete
Poisson model, by which the likelihood corresponding to a
specific window was used for determining districts with
clusters. The most likely cluster was determined by considering
the window with the maximum likelihood (scanning for high
rate). The population at risk was considered to be =50% and

By determining diarrhoeal diseases clusters in space and time
in Rwanda, and by considering climatic changes can support to
detect priority affected areas and opt for evidence-based
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with population defined in the max circle size =50%.
To determine the level of significance, a Monte Carlo p-value
and a critical value were attributed to each cluster.
The significance threshold was set at p-value of less than 0.05
(p<0.05) and Log Likelihood Ratio (LLR) greater than the critical
value. The following formula was used:

Where C corresponds to the sum of cases, c refers to the cases
detected in the window, E[c] refers to the predicted sum of
cases by adjusting the covariate under null hypothesis, C-E[c]
consists of the predicted sum of cases and I() is the function
indicator.
The interpretation of the findings was based on the following:
When I() was equal or greater than one, the window was
considered having more excess cases than expected under a
null hypothesis (H0), assuming a distribution of disease cases
with equal risk in all district without clustering and equal
distribution of cases throughout the year or month, and if less
than one was interpreted as a window with less cases than
expected [19].
Scan statistics consisted of a purely spatial, purely temporal
and spatiotemporal cluster analysis by each district and five
years. Significance was reported using the Monte Carlo p-value
with a threshold p<0.05 and critical values less than the Log
Likelihood Ratio (LLR).
Seasonal patterns analysis was completed using purely
temporal analysis by connecting monthly average from January
to December, for the period of five years on incidence of
diarrhoeal disease and for the period of four years for
climatology data. A time-series analysis was plotted comparing
diarrhoeal diseases incidence rate variation to rainfall and
temperature changes. IBM SPSS Statistics version 21 was used
to develop line graphs of monthly decomposition of diarrhoea
incidence, temperature and rainfall. All graphs were merged
together for good visualization. Furthermore, SPSS was used to
conduct linear regression analysis with backward method to

Monthly incidence rate

assess the relationship between diarrhoeal diseases and
meteorological variables. Different methods were used
including stepwise, backward and forward to ascertain the
existence of such relationship. The significance threshold was
set at 95% Confidence Interval with p<0.05.

Ethical considerations
The Institutional Review Board of Mount Kenya University,
School of Public Health provided ethical clearance on July 24th
2019, with REF: MKU04/PGS&R/0143/2019, i.e. prior to the
implementation of the study. In additional an authorization to
access data was obtained from Rwanda Biomedical Center, Ref:
No 581/RBC/2019 and the Rwanda Meteorology Agency. The
study aggregated secondary data, thus consent to participate
was not applicable however confidentiality of the information
was respected and we did not collect no individual identifiers.

Results
Trends of diarrhoea diseases in children under five in Rwanda
2014-2018
Monthly data on diarrhoea in children under five years were
retrieved from all health facilities and Community Health
Workers (CHWs) located in the 30 districts for the period of 5
st
st
years between the January 1 , 2014 to December 31 , 2018.
Monthly data on climate variables (temperature and rainfall)
st
were available for 4 years from the January 1 , 2014 to
st
December 31 , 2017. A total number of 1,012,827 new
diarrhoeal diseases episodes were reported in outpatient
consultations and by CHWs during the study period.
The annual incidence rate per 100,000 population of children
under five years as computed using SaTScan was 12,669
(12,669/100,000).
The incidence showed an increasing
tendency over time,
2
with variation from district to another and in years (R =0.24)
(Figure 1).

Trend line

Figure 1. Trend of diarrhoeal diseases incidence rate among children <5 years in Rwanda between 1st January 2014 and 31st December 2018
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The highest diarrhoea incidence rate (329.3/1000) was found in
Kirehe district, located in Eastern province in 2017, and the

lowermost incidence (48.5/100) was reported in Kamonyi,
Southern province in 2016 (Table 1).

Table 1. Annual incidence rate of diarrhoeal diseases in children under five years at district level in Rwanda between the 1st January
2014 and 31st December 2018
Incidence rate per 1000 <5 years population
2014
2015
2016
2017
2018
District
102.8
125.7
100.5
119.5
108.5
Bugesera
165.6
213.4
190.9
222.2
236.1
Burera
130.2
153.5
160.4
182.8
177.1
Gakenke
133.6
136.2
110.5
114.7
107.7
Gasabo
136.7
128.3
128.6
170.0
153.7
Gatsibo
77.8
98.4
100.0
113.5
118.5
Gicumbi
114.9
157.2
116.8
155.6
179.2
Gisagara
110.2
94.6
80.9
116.9
127.0
Huye
64.3
55.0
48.5
70.5
65.2
Kamonyi
116.6
114.8
101.9
123.3
109.1
Karongi
141.7
162.8
111.2
108.8
78.9
Kayonza
68.9
74.5
70.3
78.4
106.3
Kicukiro
225.5
254.1
231.8
329.3
318.7
Kirehe
64.3
91.4
77.4
105.6
108.0
Muhanga
121.8
147.4
161.7
173.3
215.9
Musanze
193.3
152.2
115.3
113.4
103.5
Ngoma
58.2
67.4
63.3
79.6
69.4
Ngororero
99.7
102.2
99.6
129.5
166.9
Nyabihu
139.6
141.0
100.0
136.3
141.3
Nyagatare
83.5
88.5
72.2
100.8
122.3
Nyamagabe
101.6
114.0
119.2
117.7
134.9
Nyamasheke
90.8
73.9
58.0
80.6
108.4
Nyanza
179.5
189.3
154.4
204.8
138.4
Nyarugenge
88.1
89.6
107.2
140.9
133.0
Nyaruguru
105.6
128.9
134.5
174.4
180.1
Rubavu
81.5
87.1
69.3
90.7
111.0
Ruhango
97.4
121.3
143.0
244.7
252.8
Rulindo
119.6
128.1
123.7
143.6
159.5
Rusizi
141.5
150.3
131.7
164.5
161.2
Rutsiro
118.9
102.6
102.8
123.0
116.8
Rwamagana
116.5
125.4
113.1
140.32
143.0
Average incidence rate
Purely spatial cluster
In 12 of total 30 districts (40%), excess risk of childhood
diarrhea was reported. Excess risk is expressed as a ratio of the
number of observed cases over expected cases. High excess
risk is indicated with a value (>1). The northern and the
eastern provinces were most at risk, three out of five districts

composing the northern province were reported to be at risk
and 4 out of 6 districts composing the eastern provinces. High
excess risks were reported in Kirehe district (eastern province),
with a Standard Morbidity Ratio (SMR) of 2.15 with a Relative
Risk (RR)=2.24, and Burera district (northern province),
SMR=1.63 with a RR=1.66 (Figure 2).
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Figure 2. Map of Rwanda showing excess hazard (Standard Morbidity Ratio) of diarrhoeal diseases among children under five years
from each district, January 2014 to December 2018
Purely spatial clusters were identified without considering
time. The clusters occurred in all provinces and the City of
Kigali, seven clusters from nine locations were identified
countrywide. The most likely cluster occurred in Kirehe
district of the eastern provinces, with RR=2.24 (p<0.001) and

secondary cluster observed in three out of the five districts of
the northern province, Burera, Musanze and Gakenke,
Log-Likelihood Ratio (LLR)=9802.70 (p<0.001). Least clusters
occurred in southern province, in only one out of eight (1/8)
districts making up the province (Table 2).
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Table 2. Distribution of spatial clusters of diarrhea diseases in children under five years in rwanda between January 1, 2014 and
December 31, 2018
Annual
P
Cluster District
Population Coordinates/Radius Obs.*
Exp.**
Obs./Exp. RR
LLR
case/100000
value
1

Kirehe

51757

2

Burera,
Gakenke,
Musanze

158613

3

Nyarugenge

43271

4

Rutsiro

49367

5

Gatsibo

6

Gisagara

2.275026 S,
30.674212 E / 0 km
1.493932 S,
29.833803 E /
22.29 km
1.952494 S,
30.062399 E / 0 km

70560

32781.93

27269

2.15

2.24

17049.9

<0.001

140272

100462.64

17689.4

1.4

1.46

7894.5

<0.001

37442

27407.05

17307.8

1.37

1.38

1697.95

<0.001

1.959969 S,
29.385713 E / 0 km

37028

31268.45

15002.7

1.18

1.19

517.51

<0.001

65846

1.617858 S,
30.382178 E / 0 km

48207

41705.42

14644.1

1.16

1.16

504.13

<0.001

49041

2.598280 S,
29.838574 E / 0 km

35581

31061.58

14512.4

1.15

1.15

324.32

<0.001

2.483495 S,
41202
38608.04
13520.3
1.07
1.07 88.71
<0.001
28.904454 E / 0 km
RR: Relative Risk; LLR: Log-Likelihood Ratio; Obs.: number of observed cases within a cluster; Exp.: number of expected cases in a
cluster
7

Rusizi

60955

Purely temporal cluster
Purely temporal clusters were identified taking into account
the time only, with the unit of aggregation taken as a month,
without considering space, referred to the district as the unit
and scanning for clusters with high rates. These exhibited only
one significant cluster in all districts (RR=1.23, p=0.001), from
June 2017 to September 2018.
Spatiotemporal cluster
Clusters of diarrhoeal diseases were identified considering
space and time distribution (district, month and the year). In
total four spatiotemporal clusters of diarrhoeal diseases in

children under five years occurred between January 1, 2014
and December 31, 2018. The most likely primary cluster
occurred in Kirehe district, located in eastern province
(LLR=12340.98, p<0.001) from June 1, 2016 to October 30,
2018. The second cluster occurred in three out of the five
districts constituting the northern province, namely Burera,
Gakenke and Musanze (LLR=7413.99, p<0.001) from May 1,
2016 to October 31, 2018. The fourth cluster was observed in
several districts of western and southern provinces making up
11 locations (LLR=889.25, p<0.001) from July 1, to September
30, 2018. The cluster involved districts composing western
province (5 out 7 districts) and south province (6 out of 8
districts) (Table 3).

Table 3. Spatiotemporal distribution of diarrhoeal diseases clusters in children under five years in Rwanda from January 2014 and
December 2018
Cluster District
Timeframe Population Obs.* Exp.**
Obs./Exp. RR
LLR
P value
1

Kirehe

2

Burera, Gakenke, Musanze

3

Nyarugenge

4

Rusizi, Nyamasheke, Karongi,
Nyamagabe,
Nyaruguru,
Rutsiro, Huye, Nyanza, Rubavu, Ruhango, Gisagara

2016/6/1 to
2018/11/30
2016/5/1 to
2018/10/31
2015/5/1 to
2017/10/31
2018/7/1 to
2018/9/30

51757

40419

16665.90

2.43

2.48

12340.98

<0.001

158613

80000

51073.20

1.57

1.61

7413.99

<0.001

43271

20341

13725.91

1.48

1.49

1408.06

<0.001

573748

24900

18881.40

1.32

1.33

889.25

<0.001

Seasonal patterns of diarrhoeal diseases in children under
five years in Rwanda

A time bound consisting of 12 months of the year was
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considered to illustrate results taking into account variability
within months. Climate variables (rainfall and temperature)
were also included, to elucidate their relationship with
diarrhoeal diseases, and to determine its status during rainy
and dry seasons.
A bimodal rainfall was identified, increasing from February and
reaching a peak in April. A decline took place in the months of
May, June, July and August, reaching the lowest in July. It
started to increase again from September to November,

reaching a peak in November; then it started to decline again.
The mean monthly temperature showed fluctuation over 12
months, with a peak in August and a secondary peak in March,
reaching the lowest levels in April and November.
The incidence of diarrhoeal diseases increased inversely with
the rainfall, with high increases observed during the period
post-rainy season (dry season) and decline with the increase of
rainfall (Figure 3).

Figure 3. Four years’ period of monthly data decomposition on diarrhoeal disease incidence rate, temperature, and rainfall between
January 1, 2014 and December 31, 2017.

The results of the linear regression analysis showed a
statistically significant impact of monthly average temperature
and mean monthly rainfall on diarrhoeal disease cases. The

findings revealed a positive relationship with monthly average
o
temperature, whereby the increase in one degree Celsius (1 C)
was associated with an increase of 17 diarrhoea cases
(95%
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CI, 9 – 20, p<0.001). Furthermore, a negative association with
mean monthly rainfall was elucidated, an increase in one millimeter (1mm) of rainfall was observed to be associated with a

decrease of 14 diarrhoeal cases (95% CI, -20, -8, p<0.001) (Table 4).

Table 4. Relationship between diarrhoea, rainfall and temperature from January 1, 2014 to December 31, 2017
Model
1

Predictors

Unstandardized
Coefficient B

95% CI

Std. Error

Min. Temp

-71.50

-248.44; 105.43

Max. Temperature

-58.97

-235.47; 117.53

145.56

Monthly Average
Temperature
Total rainfall
2

-0.79

0.428

89.98

-0.54

-0.66

0.512

-207.03; 498.16

179.75

1.07

0.81

0.418

1.28

-3.86; 6.43

2.62

0.34

0.49

0.625

-52.54

-208.27; 103.19

79.39

-0.46

-0.66

0.508

Min. temperature

-71.38

-248.27; 105.50

90.17

-0.48

-0.79

0.429

Max. temperature

-58.99

-235.44; 117.47

89.95

-0.54

-0.66

0.512

145.46

-207.04; 497.96

179.70

1.06

0.81

0.418

-13.71

-19.64; -7.78

3.03

-0.12

-4.53

0.000

-12.51

-29.00; 3.98

8.41

-0.08

-1.49

0.137

27.74

12.36; 43.11

7.84

0.20

3.54

0.000

-13.73

-19.66; -7.79

3.02

-0.12

-4.54

0.000

17.37

10.33; 24.42

3.59

0.13

4.84

0.000

-14.52

-20.36; -8.67

2.98

-0.13

-4.87

0.000

Min. temperature
Monthly average
temperature
Average monthly rainfall

4

p
value

Average monthly rainfall

Monthly average
temperature
Average monthly rainfall
3

t

90.20

Standardized
Coefficients
Beta
-0.48

Monthly average
temperature
Average monthly rainfall

Discussion

improved drinking water. The recent Integrated Household
Living Conditions Survey (EICV) 2016/2017 reported that 8.1%
The present study explored space and time along with climatic
use surface water in Kirehe, 15.7% of households use non
patterns of childhood diarrhoea in Rwanda at national level.
improved water source. The eastern province where Kirehe
The findings of this study illuminated an increase tendency of
district is located was reported as the least fifty in using
diarrhoeal diseases among children under five years in Rwanda
improved water source (82.6%) compared to 87.4% national.
over a period of 5 years. The highest incidence rate was
The eastern province reported a high proportion of household
reported in 2018. Previous studies conducted in similar setting
with low access to improved drinking water (27.7= 72.3 less
like in Rwanda contradict with the findings [20,21] whereby
than 200m, 53.3= 46.7 less than 500m) in the EICV5 [22].
they reported a decrease tendency. However another study
A temporal cluster was reported between 2017/6 to 2018/9
conducted in Ethiopia found similar findings [16]. Rwanda has
from all district. This might be due to the facts that new lowest
made effort to decrease morbidity and mortality of diarrhoeal
level health facilities (health posts) were initiated increasingly
diseases; in the same context, much have been done to and
during the past 2 years and might resulted in increased uptake
strengthen the health system. The increase in
reported
of services.
diarrhoeal episodes might be explained by the
The finding on seasonality variation considering the 5 years
institutionalization of new health facilities at the lowest
period, diarrhoeal diseases incidence was revealed to begin
community level (health posts) and improvement made in
increasing in May and reaching its peak in July and August.
health services being provided by CHWs. By increasing access
According to the climate variability, this is a drier season
to health services might have increased the uptake of modern
observed in Rwanda continuing up to early September prior to
health services, which might have resulted in the increasing
rainy season. In addition to that a positively association was
trend of diarrhoea children under five years.
observed between increase of monthly average temperature
Spatial Clusters with nonrandom distribution were observed
and increase of diarrhea cases. Similar findings have been
across the country, this may be explained by a disparity of risk
elucidated in different studies [14,16,17,20,23–25].
factors which may contribute to the disease incidence. The
The increase cases observed during months with highest
highest excess hazard of diarrhoeal diseases was detected in
temperature justified by plausible explanations; higher
Kirehe district. This might be explained by the fact that the
temperature promotes the development of and growth of
area experiences long-term drier season and low access to
bacteria even though some evidences suggest that the survival
GSJ© 2020
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and transmission of enteric viruses are increased during low
temperature [26]. In addition, during drier season people
experiences increased scarcity of improved drinking water
which might result in consumption of contaminated water
from runoff and sewage overflow happened during rainy
season [27].
The decline of diarrhoea incidence rate was observed toward
the end on drier season earlier to maximum rainfall. Similar
findings have been reported by other researchers showing
negative association between rainfall and diarrhoeal diseases
[14,28]. Another study from Ghana reported a negative relationship between diarrhoeal diseases and rainfall by analyzing
routine data reported on childhood diarrhoea [29].
The findings of the research that employed secondary data of
DHS in Rwanda found that higher runoff was protective of
diarrhoea in children living household with unimproved toilet
facilities [30]. The DHS 2014/2015 elucidated that only 11.6%
of household used surface water and more than a half of
households used improved latrines [31]. This might have
reduced the behavior of open defecation and prevented from
using surface water during rainy seasons.

Conclusion
The incidence of diarrhoea in children under five years was
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