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Abstract
The objective of this research was to identify relationships between climatic conditions and malaria
incidence within Regions 7 and 8. An association between malarial cases and climatic conditions were
done by collecting data from Ministry of Health, Ministry of Agriculture and Malaria clinic & tropical
disease laboratory during the period 2006-2013. Statistical analyses were done using ANOVA, T-tests,
Chi Square tests and correlations. Mean rainfall (mm) and temperature recorded in region 7 were
73.4±9.0 mm (r=0.83; 95% CI 0.29-0.97) and 26.9±1.6 OC (r=0.21; 95% CI -0.58-0.80) respectively.
Mean rainfall and temperature recorded in region 8 were 91.6±45.5 mm (r=(-0.71; 95% CI -0.9-0.0) and
23.9±2.0 OC (r=0.03; 95% CI -0.7-0.7) respectively. Mean ± SD for Plasmodium falciparum,
Plasmodium vivax, Plasmodium malariae and mixed infections in region 7 throughout the study period
were 1230.75±712.2, 1222.3±637.3, 24.1±36.3, 112±116.4 respectively. The mean ± SD of P.
falciparum, P. vivax, P. malariae and mixed infections in region 8 were 1029.6±383.1, 935.8±583.1,
22.4±27.5, 85.4±54.3 respectively. Ethnicity, age group and gender showed a significant increase in
malarial cases (p≤005). Climate change showed an effect on malarial incidence along with other
demographic conditions like gender, ethnicity and age group.
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1. Introduction
Malaria, a vector transmitted disease, has long plagued many nations across the world. Even
with many efforts for prevention of the disease, malaria continues to be a major cause of death
among people living in the tropics. This disease is geographically specific, and is often found
in the tropical part of the globe. In these countries ecological factors and climatic factors
control the spread of the disease and also the life cycles of both vector and parasite [1].
According to the latest estimates from World Health Organization (WHO), there were 214
million new cases of malaria worldwide in 2015 (range 149–303 million) [2].
The plasmodium parasite development relies heavily on ambient temperature, whilst mosquito
breeding depends on stagnant water accumulation around an area, usually due to precipitation
[1]
. Malaria is establishing a trend as it relates to climatic factors within an endemic
environment which would lead to forecasting preventative measures for the community [3].
Vector availability, biting rates and parasite development are all influenced by climatic
conditions, especially as it relates to the various Plasmodium species [4]. Factors such as
temperature, humidity and rainfall directly impact the lifecycles of both vector and parasite;
rainfall aids in accumulation of stagnant water, hence making the environment ideal for
mosquito breeding sites, whereas, higher temperatures accelerate parasitic plasmodium growth
within mosquitoes [5]. For a successful parasitic growth, the Anopheles mosquito must be able
to survive a crucial 10 to 18 day period for the parasite development, at this point,
temperatures usually above 20°C (68°F) is vital for the development of the parasite,
specifically Plasmodium falciparum [6].
Malaria also creates a significant economic burden on families and the nation as a whole
targeting the most vulnerable groups [7-8]. Climate change exacerbated makes the entire
situation more challenging to control the transmission. Studies have shown a strong
relationship between climate change and incidence of malaria especially in South America,
Africa [3-6] and in other parts of the world [7-10]. Although there are studies showing effect of
temperature on spread of malaria but the role of temperature, humidity and rainfall in malaria
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transmission is very important as climate change has a
significant role in vector transmission and distribution. In
coming years climate change is widely expected to affect the
global spread, intensity, and distribution of malaria.
This study therefore provides an insight between climate
variables and malaria cases in two different regions in Guyana
to better understand the effects of climate variability on
malaria incidence and strategy a better control measure.

2. Materials and Methods
Guyana, being in the Neotropical Zone experiences its fair
share of rainfall and temperature fluctuations over the years.
In region 7 and 8, rainfall and temperature fluctuates at a
somewhat similar level as they are both bordering regions,
located in the North-Western district of Guyana, with CuyuniMazaruni having an area of 47,213km2 with coordinates
6.450N, 60.210W and Potaro-Siparuni having an area of
20,051km2 with coordinates 4.760N, 59.260W.

Map of Guyana highlighting the study regions

Data for the study was collected from Ministry of Health on
malaria incidence within regions 7 and 8 for the period 20062013. Hydrometric data on temperature and rainfall for region
7 and 8 were collected from Ministry of Agriculture.
Plasmodium species infectivity cases along with age, sex and
ethnicity of the infected cases were collected from malaria
clinic and tropical diseases laboratory for the period 20062013. Statistical analysis was done in SPSS and JMP for
ANOVA, T-tests, Chi Square tests and regression. Data was
analyzed to establish trend between climatic factors and
malaria incidence within region 7 and 8.

Fig 1: Trend in Rainfall and Temperature in Region 8 (A-H indicates
for 2006-2013)

3. Results
Rainfall and temperature throughout the study period 20062013 showed a diverse correlation. Rainfall throughout the
year in region 8 showed a strong negative correlation (r=0.71; 95% CI -0.94- -0.1 and for rainfall a weak negative
correlation (r=-0.02; 95% CI -0.69-0.72). However in region
7, the correlation throughout the study period for rainfall and
temperature were r=0.83; 95% CI 0.29-0.97 and r=0.21; 95%
CI -0.58-0.80). In Regions 8 when compared to region 7,
readings were taken from a single weather station within the
Kaieteur vicinity, from this data there were noticeable
fluctuations in rainfall, however, temperatures reaches to 17oC
(Fig 1 & Fig 2).

Fig 2: showing Trend in Rainfall and Temperature in Region 7 (A-H
indicates for 2006-2013)
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The data showed common prevalent Plasmodium infections
within the regions, being Plasmodium falciparum,
Plasmodium vivax, Plasmodium malariae and mixed
infections -combination of any two parasites. Figure 3 shows
the prevalence of total malaria cases in both regions and

prevalence of most predominant parasites within the regions.
Most prevalent parasites were P. falciparum and P. vivax in
both regions (45%-50%), with 1% - 4% of cases being caused
by P. malariae and mixed infections respectively (Fig 4).

Fig 3: Comparison of total malarial cases in region 7 and region 8.

Fig 4: Percentage of individual parasite species in region 7 and region 8.

Total malaria cases in Region 7 during the study period were
recorded to be 16,586 with P. falciparum and P. vivax being
responsible for 15, 724 of those cases. Correlation of P.
falciparum, P. vivax, P. malariae and mixed infection during
the study period were r=-0.18; 95% CI -0.78-0.60, r=-0.53;
95% CI -0.90-0.28, r=-0.87; 95% CI -0.98—0.41 & r=0.61;
95% CI -0.17-0.92 respectively. In Region 8, the number of
malaria cases over the years were 20, 714, with P. falciparum

and P. vivax being responsible for 19,624 cases. Correlation
of parasite during the study period were r=0.41; 95% CI 0.42-0.86, r=0.45; 95% CI -0.37-0.88, r=-0.78; 95% CI -0.96-0.17 & r=0.77; 95% CI 0.14-0.96 for P. falciparum, P. vivax,
P. malariae and mixed infections respectively. Mean rainfall
and temperature during the study period is shown (Table 1 &
2).

Table 1: Comparison of Malaria Incidence and Weather Parameters in Region 7 (2006-2013)
Year
2006
2007
2008
2009
2010
2011
2012
2013
Mean ±SD

Falciparum
1,723
1,003
984
550
568
926
1,234
1,249
1,030 ± 383.09

Vivax
2,134
1,303
838
330
339
681
852
1,010
936 ± 583.18

Total
3,857
2,306
1822
880
907
1607
2,086
2,259
1,966 ± 944.32
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Average Temperature (°C)
25.81 ± 1.64
26.28 ± 2.18
25.86 ± 2.53
29.75 ± 0.89
29.13 ± 0.31
26.56 ± 1.89
26.40 ± 2.38
26.44 ± 2.29
27.02± 1.52

Average Rainfall (mm)
62.67 ± 17.45
64.92 ± 45.41
77.71 ± 39.41
68.71 ± 37.80
70.51 ± 15.88
71.39 ± 18.08
82.17 ± 13.24
89.37 ± 13.94
73.43±9.03
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Table 2: Comparison of Malaria Incidence and Weather Parameters in Region 8 (2006-2013)
Year
2006
2007
2008
2009
2010
2011
2012
2013
Mean ±SD

Falciparum
1,856
555
457
483
923
2,065
2,076
1,431
1,231± 712.20

Vivax
1,909
525
451
528
1,277
1,512
1,586
1,990
1,222± 637.327

Total
3,765
1080
908
1011
2200
3,577
3,662
3,421
2,453± 1298.29

Correlation between the parasite species with rainfall and
temperature showed significant findings in both regions.
Mean (±SD) rainfall in region 7 was recorded as 73.4±9.0.
Region 7 recorded a weak positive correlation between
rainfall and P. falciparum (r=0.07; 95% CI -0.67-0.74) and
strong negative correlation between temperature and P.
falciparum (r=-0.86; 95% CI -0.97- -0.40); indicating an
increase in P. falciparum cases with an increase in rainfall and
with increase in temperature there was a decrease in P.

Average Temperature (°C)
23.94 ± 2.44
22.95 ± 2.50
23.81 ± 0.96
27.06 ± 1.88
20.53 ± 0.55
23.95 ± 2.39
26.00 ± 3.36
22.91 ± 1.90
23.89 ± 1.98

Average Rainfall (mm)
155.35 ± 51.90
127.47 ± 56.99
99.04 ± 54.30
119.15 ± 46.05
65.99 ± 56.35
35.26 ± 23.60
25.84 ± 17.60
104.65 ± 36.52
91. 59 ± 45.49

falciparum cases. However in region 8 a moderate negative
correlation was recorded between with P. falciparum and
rainfall (r=-0.5; 95% CI -0.9-0.4)) and a weak positive
correlation with temperature and P. falciparum (r= 0.1; 95%
CI -0.65-0.75); this can be interpreted as with the increase in
rainfall there was actually an increase in P. falciparum cases
but with an increase in temperature there was a similar
decrease in P. falciparum cases. Similar was the case in
region 8 with all other malarial cases (Fig 5, Fig 6 & Fig 7).

Fig 5: Graph showing correlation between rainfall and plasmodium species in region 7

Fig 6: Graph showing correlation between rainfall and plasmodium species in region 8
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Fig 7: Graph showing correlation between rainfall and plasmodium species in region 8

(p≤0.05). In both regions majority of infections occurred in
patients that were between 15-49 age groups (Fig 8). Ethnicity
was also another factor which recorded a significant
difference in infection rates for both P. falciparum and P.
vivax (p≤0.05) (Fig 9). Both regions recorded Amerindian
decent with most cases of malaria followed by the mixed and
Afro Guyanese groups. Among gender in both regions,
women were more infected than men significantly (p≤0.05)
(Fig 10).

3.1 Demographic trend among malaria cases
In Region 7 and in Region 8 majority of the cases were
caused by P. falciparum and P. vivax (p≥0.05). Region 7
recorded 16,586 cases of P. falciparum and 15, 724 cases of
P. vivax. On the other hand, Region 8 had 20,714 cases of P.
falciparum and 19,624 cases of P. vivax. No significant rates
of infections were recorded over the years for both P.
falciparum and P. vivax, however there was a significant
difference in the rates of infections amongst age groups

Fig 8: Percentage of malarial cases among different age groups

Fig 9: Prevalence of malarial parasite among different ethnic groups
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Fig 10: Prevalence of malarial cases distributed among male and female populations

There are other contributing factors such as drug resistance
and also environmental factors which are major issues in
malaria transmission along with prevention factors such as the
use of impregnated bed nets (to prevent mosquito biting and
also to isolate malaria patients), fogging and of course
education and awareness of the disease.
In a 2013 study, conducted by the World Health Organization,
a conclusion of suspected artemisinin resistance was drawn as
it relates to regions within Guyana and Suriname; this factor
is also amplified when malaria patients do not complete their
recommended dosages [20]. The environmental factor is also
another contributing factor; after rainfall once there is water
accumulation in buckets, old tires, or containers, there is a
likelihood of creating suitable breeding sights for mosquitoes.
Weeds, overgrown grasses and bushes can also contribute to
breeding sites hence increasing malaria possibilities. Malarial
drug resistance is a major issue in Guyana [21-22].
Globally, children are mostly affected by malaria especially in
endemic regions of Africa, where in poverty stricken areas
impregnated bed nets are not provided nor can lifesaving
treatment be afforded or even accessed; millions of children
succumb to this disease globally. This disease also causes
severe infections in pregnant women resulting in anemia
leading to increased rates of infant mortality [23]. With focus
on the most affected age group being 15-49, it is evident that
this age group consists of persons that are more active within
the regions as it relates to school, travelling from various
villages and the working class of people especially in the
mining camps, which increases the transmission of the disease
as these persons are not only more exposed to the
environment but also to other persons that may be carrying
different stages of malaria. Amerindians are mostly infected
since they populate the highland regions of Guyana, in Region
7 there are many Akawaio and Arecuna settlements and in
Region 8, Akawaio and Patamona tribes.

4. Discussion
Climate change is expected to increase vector borne diseases
globally. With climatic warming and seasonal changes there
will be a critical effect on malaria rates. However, every
organism has a specific range of temperature and other
environmental factors in which they can thrive successfully
and Plasmodium is no different. Ambient temperatures are
required for parasite growth within the Anopheles mosquito;
optimum temperatures for mosquitoes are between 25oC and
30oC, hence their abundance in the Tropical and Neotropical
zones. Temperature affects the extrinsic or sporogonic stages
of the parasite within the mosquito, hence temperature can
affect transmission rates of malaria [17].
During 2006 -2007, malaria cases for both parasitic types
were high (3,857) with a significant drop in cases in 2007
(2,306), with an increase in rainfall and temperature. During
2008-2011 there was a decrease in cases of malaria followed
by an increase in malaria cases from 2011. In the “Annoted
Checklist of the Anopheles of Guyana, South America” by
Rambajan, it was confirmed that there are twenty two (22)
species of Anopheles in Guyana. In the Cuyuni-Mazaruni
(Region 7) and Potaro Siparuni (Region 8), there were five (5)
species of Anopheles found, namely, A. neivai, A.
triannulatus, A. darlingi, A. oswaldi and A. aquasalis. A
special interest was placed in A. darlingi as Rambajan labeled
this species the most important in Guyana as it not only
carries Wucheria bancrofti, which causes filariasis but is
almost always found in areas where indigenous malaria
occurs. In 1951, this species was eradicated along the coast of
Guyana, hence, the coast being hardly affected by malaria
unless there is transmission through travelling to endemic
regions and also since A. aquasalis (the only species of
Anopheles that can tolerate saline conditions) thrives within
these regions, but has not been deemed an important malaria
vector [18].
Anopheles darlingi is very important in transmission of
malaria within the Amazon region. A. darlingi breed easily
and more prone to carry malarial parasites in endemic areas
[19]
. Since Regions 7 and 8 are heavily forested and have many
black water rivers, creates suitable breeding sites for A.
darlingi. Even though the statistical evidence varied between
the regions, with some parasitic infections being correlated
directly to rainfall and temperature e.g. P. falciparum cases in
Region 7 increased with rainfall and decreased with
temperature; it could be because rainfall and temperature act
as catalysts for infections and cannot be solely responsible for
malaria infections.

5. Conclusion
These weather parameters combined with environmental
factors, drug resistance, preventative factors and even
geographical locations, create opportune environments for
mosquito breeding, parasite development and infection rates,
thus, increasing the likelihood of contracting malaria. Age,
Gender and Ethnicity can also be deemed significant factors
in parasite infection within populations of both Regions 7 and
8, however, like weather parameters, they are not sole factors
responsible for infection.
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