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Abstract

Background: Malaria is a serious disease and still remains a public health problem in many parts of Nigeria.
Objectives: The aim of this study was to describe malaria transmission trends and analyzed the impact of
climatic factors on malaria transmission in the highlands of Plateau State, Central Nigeria.

Methods: The study was a retrospective survey which used archival data of climate parameters and medical
case records on malaria. Rainfall, relative humidity, and temperature data were obtained from the nearest
weather stations to the study locations from 1980 to 2015. Data on reported malaria cases were collected
from general hospitals in the selected local government areas (LGAs) from 2003 to 2015. Generalized
Additive Models were used to model trends in malaria incidences over time, and it is lagged association
with climatic factors.

Results: The results show a significant cyclical trend in malaria incidence in all the study areas (P < 0.001).
The association between monthly malaria cases and mean monthly temperature, rainfall, and relative
humidity show significant association at different time lags and locations.

Conclusion: Our findings suggest that climatic factors are among the major determinants of malaria
transmission in the highlands of Plateau state except in Jos-North LGA where the low model deviance
explained (35.4%) could mean that there are other important factors driving malaria transmission in the
area other than climatic factors.
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INTRODUCTION

Malaria is a serious disease and still remains a public
health problem in many parts of Nigeria. According to
the WHO,! 212 million people were infected with human
malaria parasites globally with Africa accounting for about
90% of these cases in 2015. Eighteen countries together
accounted for 90% of the total cases in sub-Saharan Africa
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with 37 million reported cases representing (29%) of these
cases from Nigeria alone. It is estimated that about 97% of
Nigerians are exposed to the danger of contracting malaria
with the disease accounting for about 60% outpatient
visitation at different health centers, 30% child and 11%
maternal mortality making malaria the most important
cause of mortality among children.?
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Many researchers associate the increase in malaria cases
to several factors.”” These multiple factors interact and
make it difficult to separate the singular effect of each one
of them. It is, however, believe that population dynamics,
multidrug resistant Plasmodinm species, insecticide resistant
mosquito species and climate change are some of the major
drivers of the increase in malaria cases in many places.[
Thel” asserts that the incidence of infectious diseases has
been influenced by fluctuations in weather events and
seasonal to annual climate variability. The World Health
Organization!" report estimated that climate change
was responsible for some 6% of malaria cases in some
middle-income countries in the year 2000. This is because
weather can influence the reproduction rate and life span
of insect vectors thereby altering the dynamics of vector
borne diseases."! Changes in temperature, precipitation and
relative humidity exert a significant effect on the survival and
distribution of malaria vectors and consequently influence
the parasite by shortening the extrinsic life cycle.!'""

The effect of the changing climate on increase malaria
transmission has aroused intense debate where different
researchers have come up with varying hypotheses.
Some researchers have argued that climate change
is not responsible for observed changes in malaria
transmission.”'*" While others have identified climate
change as major contributor to increased malaria
transmission in areas that were previously not endemic.!"*"

Information on the impact of climate factors and
reported malaria incidence in Nigeria is inadequate and
not consistent.['2” Furthermore, other than a simulation
report (Ermert ¢f al., 2012), there is no information on the
impact of climate factors on malaria transmission in Plateau
State, North-Central Nigeria to the best of our knowledge.
In this report, it was projected that temperatures of <20°C
in the Jos Plateau are likely to lead to lower transmission,
shorter and delayed malaria transmission seasons. There
is need to analyze the impact of climatic factors on the
transmission of malaria in the highlands of Plateau State,
North-Central Nigeria. This will further improve future
malaria control programs if temperature, relative humidity
and rainfall can be link with malaria transmission in the
state. This will enable the government or policy makers to
be more precise in formulating direct policies to address
such occurrences.

METHODOLOGY: RESEARCH DESIGN

This was a retrospective study which involved the use of
archival data of climate parameters (temperature, rainfall, and

Tropical Parasitology | Volume 8 | Issue 1 | January-June 2018

relative humidity) and medical case records on malaria from
selected hospitals in three local government areas (LGAs) on
the highlands of Plateau state, Central, Nigeria. The archival
data on climatic factors were obtained from the Nigeria
Meteorological Agency in Jos and Abuja and National Remote
Sensing Centre in Jos, Plateau state for 31 (36) years from
1980 to 2015. Medical records of Malaria cases were obtained
from the general hospitals in the selected LG As for the study
for 13 years from 2003 to 2015.

The description of the study area

This study was carried out in Plateau state, Nigeria. It
is located in the North-Central geopolitical zone of the
country and lies between latitudes 80°24’N and longitudes
80°32” and 100°38” east. Threel! LGAs, namely, Bassa,
Jos-North and Barkin-Ladi LGAs were selected from the
highlands (altitudes 21200 m above sea level) areas for this
study [Figure 1].

Data analysis

Generalized Additive Models (GAMs) were used to model
trend in malaria incidences over time. GAMs are used to
model trends as a smooth, nonlinear function of time, and
provide a framework for testing the statistical significance
of changes in malaria incidence over time.”" The inclusion
of covariates into models is also another advantage of
using GAMs for time series analysis, and the significance
of covariates on the response are given. Covariates of
mean monthly temperature, rainfall, and relative humidity
were included in the models. The MGCV package
version 1.8-7 (R Foundation for Statistical Computing,
Vienna, Austria)* for the R statistical package was used
for the GAM analysis. For modeling malaria incidences at
the different sites, several GAM models were considered.
The first model tested the immediate effect of mean
monthly temperature at time t, rainfall at time t, and relative
humidity at time t on malaria cases at time t. In alternate
models, the relationships between malaria cases with up to
6 months’ lag (i.e., t-1-t-6 months) of the covariates were
also tested. Smoothing term was applied to all covariates.
The model with the best percentage deviance explained
(simple measure of the quality of fit of a model) was then
used for the analysis.

RESULTS

Malaria trends in Bassa, Jos-North, and Barkin
Ladi LGAs from 2003 to 2015

Results clearly show that there was a significant cyclical
trend in malaria incidences in Bassa, Jos-North, and Barkin
Ladi LGAs between 2003 and 2015 (FF' = 13.2: P < 0.001;
F=6.5:P<0.001 and F= 19.7: P <0.001), respectively.
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A cyclical trend was evident in malaria incidences in Bassa
LGASs between 2003 and 2015 as indicated in Figure 2. There
was a steady rise in malaria cases in Bassa LGA from 2003
to 2006. The year 2007 witnessed a gradual decline. This
fall remained stable until 2014 where it begins to rise again.

A cyclical trend was also evident in malaria incidences in
Jos-North LGA between 2003 and 2015 as indicated in
Figure 3. There was a steady rise in malaria cases from
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Figure 1: Map of plateau state showing study areas

Malaria incidences Jos North
200
1

100
L

T T T T T T T T T T T T T T
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Time

Figure 3: Malaria trend for Jos-North local government area from 2003
to 2015
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2003 to 2006 with a gradual decline in 2007. This fall was
not sustained as malaria cases began to rise again to its
peak in 2009. Years 2010-2012 witnessed a slight decrease
in malaria cases, but it began to rise again in 2013-2015.

The trend in malaria incidence between 2003 and 2015
in Barkin Ladi LGA was also cyclical as indicated in
Figure 4. There was a steady increase in malaria cases
from 2003 to 2006. The year 2007 witnessed a gradual
decline. The decline from 2007 was sustained and remained
stable to 2015.

Malaria cases in relation to climate change in Bassa,
Jos-North, and Barkin Ladi local government areas

Malaria incidences in Bassa LGA were significantly
affected by 3-month lagged precipitation, and 1-month
lagged relative humidity. In Jos North LGA, malaria
incidences were significantly affected by the average
monthly temperature at 1-month lagged and 6-month
lagged relative humidity. While in Barkin Ladi LGA,
malaria incidences were significantly affected by 3-month
lagged temperature and 5-month lagged precipitation. The
deviance explained (a simple measure of the quality of fit
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Figure 2: Malaria trend for Bassa local government area from 2003
to 2015
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Figure 4: Malaria trend for Barkin Ladi local government area from 2003
to 2015. Blue line is smoothed trend. Dashed black lines are 95%
confidence intervals. Black line is regular peaks and drops
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of a model) 53.3%, 35.4%, and 62.7% of the association
between malaria cases and climate variables in Bassa,
Jos-North and Barkin Ladi LGAs, respectively [Table 1].

DISCUSSION

Malaria trends in Bassa, Jos-North, and Barkin Ladi
local government areas from 2003 to 2015

There was a steady increase in malaria cases in these LGAs
from 2003 to 2006. This is consistent with a similar study
in the northern Anhui Province of China by. They also
reported an increase in malaria incidence after 2000 with
annual incidence peaked in 2006. The increase in our
study coincided with the period when the roll back malaria
partners in Nigeria witnessed challenges of phenomenal
increase in resistance of malaria parasites to drugs.*!
Another major setback in the fight against malaria during
this period was nonavailability of Insecticide Treated
Nets (ITN) with ownership restricted to few households
that could afford to purchase.”™ Years 2007 and 2008
witnessed a gradual decline in malaria cases in all the LGAs.
This decline could have resulted from the malaria control
initiatives by government agencies and partners in the fight
against malaria.* This is in agreement with the report by,
They reported that distribution of Long-Lasting Insecticide
Treated Nets (LLIN) had a significant positive impact on
malatia prevalence between 2007 and 2008 in Nigeria.

In Bassa LGA, even though a temporary rise in 2014 was
conspicuous, the fall in malaria trend remained stable to
2015. A study carried out on the knowledge of LLITNs
in this LGA had observed that 98.8% of the respondents
had good knowledge of the use of LLITNs.*” This good
knowledge of the use of LLITNs might have contributed
positively by reducing malaria prevalence. Whereas in
Jos-North LGA, the fall from 2007 was not sustained as
malaria cases keep fluctuating between 2009 and 2015.
This fluctuation in malaria cases is possibly due to several
factors such as socioeconomic and movement of people
from rural areas to the city.***

In Barkin Ladi, the decline from 2007 was sustained and
remained so till 2015. This is plausible because Barkin
Ladi LGA is one of the malaria control centers established

through the National malaria control program of the
Nigerian Federal ministry of health. This center remained
active to date, and this might have contributed to the
sustained decline in malaria cases in the Local government
area.

Malaria cases in relation to temperature, rainfall and
relative humidity in Bassa, Jos-North and Barkin Ladi
LGAs from 2003 to 2015

The significant association between malaria incidence with
3-month lagged precipitation and 1-month lagged relative
humidity in Bassa LGA were consistent with that of related
study by."" Their study conducted in Motuo County, Tibet
demonstrated strong positive and significant correlations
between malaria occurrence with relative humidity, rainfall,
and temperature. In another study conducted in Ethiopia,
positive correlation was reported between mean monthly
rainfall and relative humidity with monthly malaria cases

at 2-3 months lags.’!!

The association between malaria cases with relative
humidity and temperature was complex in Jos-North
LGA. The 1-month lag effect of temperature on malaria
cases evident in the present study is comparable to that
reported in Ethiopia and India.’>* The lag effect of
1-month observed in this study is consistent with the time
required for the development of mosquito vector and for
completion of the parasite life cycles in the local vector
mosquito.’ Since the effect of humidity was important
at 6-month lag period, the part it would have played in the
biological cycle of malaria can hardly be explained in this
context. Although statistical significance alone does not
always explain the complex biological dynamics involves
in the development of the mosquito vectors and weather
factors.’ Temperature and relative humidity have also
been reported as the main drivers of malaria transmission
in Yongcheng, China, between 2006-2010.5

The low deviance explained (35.4%) could mean
that there are other important factors driving malaria
transmission in Jos-North LGA. Such factors could
include socioeconomic status of people, risk modifiers for
instance malaria control activities and behavioral patterns
of the people. The complex interaction of these factors

Table 1: Monthly malaria cases in relation to climate change in Bassa, Jos-North and Barkin Ladi local government areas

LGAs factors Bassa Jos-North Barkin Ladi

Lag df F P Lag df F P Lag df F P
Yearly trend 7 13.2 <0.001 7 6.5 <0.001 7 19.7 <0.001
Temperature 2 2 1.2 0.302 1 1 3.5 0.042 3 1 11.4 <0.001
Precipitation 3 3 4.0 0.009 3 2 2.9 0.062 5 8 3.3 0.002
Relative humidity 1 1 18.9 <0.001 6 1 41 0.046 1 1 0.0 0.948
Deviance explained (%) 53.3 35.4 62.7
LGAs: Local government areas
Tropical Parasitology | Volume 8 | Issue 1 | January-June 2018 21
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may have direct or indirect influence on regional malaria

prevalence.P*

In Barkin Ladi LGA, temperature and precipitation
were significantly associated with the disease occurrence
at 3 and 5 months lags, respectively. A positive association
between malaria cases with precipitation and temperature
has been reported in China.P”) In Aftica, similar findings in
South Affrica have been reported.*”! Furthermore, related
studies in Ethiopia indicate that temperature is significantly
associated with the number of malaria cases."!! While the
longer lagged effect of 5 months of rainfall on malaria
transmission recorded in Barkin Ladi LGA appears to
be unusual, more delayed lags of 6—7 months have been
2 They attributed such longer
lag effects of rainfall to the climate of the area and the
possibility of other water sources for the development and
breeding of the vectors in addition to the rainfall. The same
could be true in our study where the rainy seasons last for
6 months starting from May to October. In addition, there
are many mining pounds in Barkin Ladi LGA that may act
as permanent breeding grounds for Angpheles mosquitoes.
This may reduce the effect of rainfall leading to the long
delayed effect of rainfall on malaria transmission. The
model deviance explained was 62.7%. This means that
climatic factors are the major determinant of malaria
prevalence in Barkin Ladi LGA.

reported elsewhere by.

CONCLUSION

The study established a significant cyclical trend in reported
malaria cases in all the LGAs between 2003 and 2015.
Significant associations between mean monthly rainfall,
relative humidity and temperature with malaria incidences
at different time lags and locations were established. In
Jos-North LGA, the low-model deviance explained (35.4%)
could mean that there are other important factors driving
malaria transmission in the area other than climatic factors.
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