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Abstract:

Introduction: Risk factors for highland malaria and difference diagnosis of highland malaria is discussed and analyzed in UNHCR refugee
camps in Kizba, Rwanda.
Patients and Methods: Diagnosis of highland malaria was performed
clinically plus microscopically (blood smear) and with rapid diagnostic
test (RDT).
Results: 371 patients from an area of 4,777 residents were diagnosed
for malaria and the mean levels of CRP where 70.1 g/l.
Conclusion: Despite Highland malaria at an attitude of 1,950 m.a.s. is
very rare, CRP response in a patient was significant.
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Introduction
Highland malaria has after a subclinical,
clinical course and sub-microscopical laboratory presentation chronic mild symptomatology, therefore is difficult to diagnose and
only a few patients receive appropriate therapy (1-3). Chronic diseases with liver involvement especially in P. vivax malaria is not uncommon even at a height of 2,000 m.a.s. (48). C-reactive protein is usually elevated but
slides remain negative; rapid tests (RTD) and
PCR are however positive (9-12). The aim of
this research was to assess diagnosis treatment and burden of the disease (occurrence)
of highlight malaria in UNHCR refugee population of a Rwandan refugee camp.

Patients and Methods:
We were using data from HMIS which is
a surveillance document for monthly reporting unified by Rwandan Ministry of Health,
which all healthcare facilities in the country
are obliged to provide at the end of month
and which is created by calculation of the
nurse who occasionally undergoes trainings
on how to collect data. In our Health Center
in Bigugu this job was done by one person
and afterwards it was rechecked by another
employee of ours in order to ensure the reliability of our data. In the remaining two
health facilities, where we couldn’t ensure
this double check, we also checked the accuracy of those reports by comparing data
from books held by expert laboratory technicians, who are obliged to register every
malaria positive case. In all health centers
of our interest, laboratory technicians have
attended on a regular basis attending training in order to improve their qualification.
Patients were examined for tropical malaria by microscopic examination using thick
blood film stained by Giemsa in 95% - 98%
of all malaria positive cases. In case of an
absence of an expert laboratory technician
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or during the weekends, PhHRP2 based malaria rapid tests were used by a trained nurse.
Tests were stored according to manufacturer‘s recommendation at 25°C, protected
from sunlight and humidity and no test was
used after its expiratory date. In two out of
three health centers, where use of a mosquito net is the gold standard, we also collected data regarding mosquito net distribution.
We used Pearson’s correlative coefficient in
order to determine correlation between the
prevalence of malaria in the Kiziba Health
Center and Kibuye Health Center.

Results:
Description of the catchment area
The longitudinal prospective quantitative
study that began in February 2013 and ended in July 2015 was conducted at the Bigugu
Health Center. BHC is a health facility which
is located at the Rwankuba Sector, Karongi
district, Western Province of Rwanda. The
area of the study is localized at the altitude
of 2,250 meters above sea level and belongs
to an area with very low or no malaria transmission areas at all. Bigugu Health Center is
a healthcare facility for the total population of
17,000 inhabitants. The majority of this population (93%) as simple peasants earn their
living by cultivating in their tiny field staple
crops like beans, maize and potatoes. Due to
their daily activities as well as the poor quality of their housing, they are constantly exposed to the mosquito bites, relying mainly
on the fact that this area used to be too cold
and unsuitable for breeding of mosquitos.
371 patients of varying age (8 months - 77
years) with suspected malaria over this period were examined also for the level of CRP.
Patients with typical presentation of other infectious diseases than malaria itself that
can alter CRP (cough, symptoms of urinary
respiratory infections or symptoms of gastroenteritis) were excluded from the study,
as well as those who had in their medical
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histories travelled in the area of a lower
altitude in the previous 30 days, as well as
patients on steroids or other immunosuppressants. Only patients presenting with
headache accompanied with elevated body
temperature or history of fever in the previous three days as well as abdominal pain
without diarrhea in child patients were included. Those patients were examined for
tropical malaria by microscopic examination and occasionally (in 47 out of a total of
371 patients) double checked by PhHRP2
based malaria rapid tests. 371 cases suffering from highland malaria were also examined for CRP using the NycoCard Reader II
Machine. All CRP tests were stored in the
refrigerator according to the instructions of
a manufacturer and no test was used after the
expiratory date. All samples collected over
the time were examined by the same person,
an expert laboratory technician at the Bigugu Health Post. Retrospective quantitative
study collecting and comparing data from
January 2012 - July 2015 was performed at
three health centers at the Karongi District
of Western Rwanda.
Bigugu Health Center, Kiziba Health
Center and Kibuye Health Center, which
are localized at different altitude (2,250 asl,
1,950 asl and 1,450 asl retrospectively) cover
a catchment area for a population comparable
in size (17,000 in Bigugu, 19,500 in Kiziba
and 24,000 at the Kibuye Health Center). The
difference in the size of the population wasn’t
important for our research as we compared
the number of malaria positive cases against
the total number of OPD patients; calculating the prevalence of malaria out of it. While
in the BHC catchment area the majority of
the population do work as peasants (93%), in
the KzHC catchment area most of the population consists of refugees. The majority of
the refugee population do not have any job
and migrate a lot to the lower KbHC area
in order to trade their food for other needed

goods, though it is uncommon to spend the
night there. In the KbHC area many people
work in the third sector though unfortunately exact numbers are not available. For those
people it is much more common to travel by
bus towards the direction of the capital Kigali where malaria is more prevalent.

Secondary Data and Document
Review
This method involved studying the varying and relevant written and published studies on issues of climate variability and impacts on malaria, vulnerability and adaptation of communities. It consists of data and
any information obtained from other sources
to act as a back-up on what has been found in
the field. Secondary data help in supporting
an argument since it offers justifications for
the choice of topic. We reviewed all available articles written in English language on
topic of either climatic change in Rwanda or
climatic change and its effect upon malaria
transmission in Rwanda which were published since 2004.

Data analysis
A) After collecting the data, we determined the mean level of CRP for each year
separately, as well as the mean CRP in total. We determined the mean CRP level as
a proportion of the sum of all CRP values to
the number of all measured patients. In total, among 371 investigated malaria positive
patients had an average CRP value of 70.6.
34 cases had a CRP level in values between
8-25 mg/l; 79 cases in values between 2550 mg/l; 88 cases in values between 50-75
mg/l; 77 cases in values between 75-100
mg/l; 36 cases in values between 100-125
mg/l; 27 cases in values between 125-150
mg/l; 20 cases in values between 150-175
mg/l; 10 cases in values between 175 -200
mg/l. Out of 371 malaria positive patients no
one had a CRP level higher than 200 mg/l.
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The distribution of CRP levels in malaria positive patients admitted to the Bigugu
Health Center in period 12/13-07/15. The
mean CRP levels in patients suffering from
highland malaria were analyzed separately
each month. In those patients where malaria
was confirmed not only by microscopy but
also by using RAPIDs, out of 47, 44 were positive and 4 results were invalid but we did not
repeatedly perform the examination in order
to avoid unnecessary unpleasant procedures.
B) We calculated the prevalence over the
time separately for each month. The prevalence was calculated for each health center as
the number of malaria positive cases divided
by the total number of patients attending OPD.
Results were put into graphs, from which the
following is obvious: The prevalence in each
investigated health center increased multifold.
The higher the altitude of the health center,
the more significant the increase of malaria
was observed. Regarding mosquito net distribution, while for Kiziba HC Pearson’s correlative coefficient was negative -0 00541; at
Kibuye HC Pearson’s correlative coefficient
was 0,11237; which means a positive correlation between number of distributed mosquito
nets and number of malaria positive cases.

Discussion
The results of our study show that in the
patients suffering from highland malaria
the levels of CRP are significantly elevated,
however, more voluminous studies of this
topic are required as our study was limited by
relatively small sample (1-3). We also suspect that in people repeatedly suffering from
the attack of malaria (non-highland malaria)
the values of CRP won’t be so high as the
response from the partially adjusted immune
system isn’t expected to be so aggressive.
We also noticed that the value of CRP values
even in BHC during last three years is slightly decreasing what is also in accord with
our theory and it could be very interesting
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topic for an another research (4-8). As in the
second part, our results point at that malaria is on the rise and in case of the malaria
outbreak in Rwanda, people living in the
highlands are more endangered. The increase
of prevalence is more prominent the higher
altitude. The explanation behind it might be
a missing partial immunity against malaria.
The explanation behind increased prevalence
offered by the Rwandan Government is the
low quality of donated mosquito nets or deficient impregnation on them (9-12).

Conclusions
Results of this study do prove that highland malaria has strong positive correlation
with elevated value of C-Reactive Protein.
Data from three health facilities in western
Rwanda are all pointing out that malaria in
this country is on the rise and this upsurge in
malaria is even more significant than statistical data released by the Rwandan Government suggests. Also the review of the multiple
documents researching the climate change in
Rwanda are in accord, suggesting that global warming contributes just very little or not
at all to this enormously increased incidence
of malaria in the Karongi District in Western
Rwanda. Necessary precautions like mosquito nets distributed to all people independently
of the altitude they live at should be undertaken to stop this malaria spreading in Rwanda.
We reviewed seven relevant articles
which were researching any connection between climatic change and rising malaria incidence. Though some authors very vaguely
suggested that ‘The results of this study indicate that future climate might become more
suitable for malaria transmission in the tropical highland regions.’ However, adding cautiously that other important socioeconomic
factors such as land use change; population
growth; urbanization; migration changes;
economic development will have to be accounted for in further details for future risk
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assessments without any attempt to quantify
their findings, most authors were in accord,
that it should be recognized that changes in
malaria are unlikely to be a major contributor to modifications in the total burden of disease owing to global climate change [42].‘
However, most important for our research
is without any doubt an article saying:
A physically nearly unchanged regional
climate zone is the area along Lake Kivu. The
already-mentioned local climate peculiarity
arising from the prevailing land-lake-wind
circulation continues to cause climatic conditions that remain roughly the same, with
slightly rising temperatures (+0.5 K) and a decrease in rainfall of around 50 mm. While the
area in southern Rwanda, especially around
the Nyungwe Rainforest, exhibits modest
temperature changes (+0.5 K) and continues
to register rainfall totals of >1,400 mm, around
the Virunga Volcanos the temperatures range
about 2 K higher while total rainfall has clearly dropped (-250 mm) [18].
This basically says that there was no climate change in the area of our interest as
both Lake Kibu and Nyungwe Forests work
as kind of buffers. In other words, whatever
went wrong in the fight against malaria in
Rwanda, to blame global warming for it is
just an alibi.
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