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Abstract
Introduction: Malaria is still a worldwide health problem, which includes 
Indonesia. Vector-borne diseases are climate-sensitive and this has raised 
extended concern over the implications of global climate change on future 
disease risk. This study aims to analyze the relationship between climate factors 
and malaria cases in East Kalimantan Province as an illustration to assist the 
malaria elimination program. Methods: Laboratory confirmation of malaria 
cases 2014-2020 was analyzed for trends derived from the E-Sismal data. 
Decomposition analysis was performed to assess seasonality. Climatic data 
(humidity, temperature, and rainfall) were analyzed with the incidence of malaria 
using Spearman rank correlation and model analysis with Poisson regression. 
Results and Discussion: The API value did not decrease significantly, which was 
only 0.07% from 2014 to 2020, but there was a change in the number based on the 
type of parasite from Plasmodium falciparum to vivax, which means that program 
intervention efforts have occurred, while Plasmodium vivax can relapse. There 
was a seasonal trend decomposition of monthly Plasmodium falciparum and 
Plasmodium vivax from December to March. Relative humidity shows a positive 
correlation while monthly temperature shows a negative correlation with P. vivax 
malaria cases each month. Conclusion: The outputs from this study are going to 
be useful at numerous levels of decision-making, for example, in fitting associate 
early warning and property methods for temperature change and climate change 
adaptation for malaria infection management programs in East Kalimantan.
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INTRODUCTION

Malaria is still a worldwide health problem, 
specifically for tropical and subtropical international 
locations (1). Globally, the occurrence of malaria could 
be very wide, particularly within the vicinity between 
longitude 60° in the north and 40° in the south, 
overlaying more than a hundred international locations 
with tropical and sub-tropical climates (2). The populace 
liable to malaria is around 2.3 billion or 41% of the 
world’s populace. Every year the wide variety of malaria 
instances is 300-500 million and causes 1.5 to 2.7 million 
deaths, specifically in sub-Saharan Africa. South and 
Southeast Asia and Central America. Areas which are 
now freed from malaria are Europe, North America, most 
of the Middle East, most of the Caribbean, and elements 
of South America. Australia and China (3).

Malaria manipulation  endorsed through the 
WHO consists of diagnosis, chemotherapy, incorporated 

vector control in-domestic programs along with Indoor 
Residual Spraying (IRS) or distribution of insecticide-
handled mosquito nets/Long Lasting Insecticide Net             
( LLIN) to lessen transmission and risk infectious diseases 
(4). This manipulation has additionally been applied 
in Indonesia; however, till now malaria has persisted 
creating a public fitness problem which is classified as a 
concern by the Ministry of Health of Indonesia. 

There are five kinds of parasites that purpose 
malaria in humans, Plasmodium falciparum, Plasmodium 
vivax, Plasmodium ovale, Plasmodium malariae, 
and the newest one is Plasmodium knowlesi. Mixed 
contamination may also arise in endemic regions with a 
couple of Plasmodium species (1). According to the World 
Malaria Report WHO, there were 216 million instances of 
malaria in 2016 with a death toll of approximately 445,000 
instances and 211 million instances in 2015 with a death 
toll of approximately 446,000 (5).
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Annual  Parasite  Incidence (API)  is  an  
indicator  of malaria morbidity rate  described in per 
1,000 population. The API in Indonesia in 2019 increased 
compared to 2018, from 0.84 to 0.93 per 1,000 population. 
Based on data from the East Kalimantan Provincial 
Health Office, data on malaria cases based on the API 
indicator decreased from 2010 to 2017, respectively, 
in 2010 2.25‰; 2.1‰; 1.12‰; 0.75‰; 0.68; 0.45‰; 
0.35‰; until 2017 to 0.34‰. Based on the district, North 
Penajam Paser District (PPU) is the highest number of 
malaria cases with an API score of 5.2‰ (6). 

Naturally, malaria transmission occurs because of 
the interaction between the agent (Plasmodium spp), the 
definitive host (Anopheles spp) and the intermediate host 
(human). Therefore, malaria transmission is influenced 
by the presence and fluctuation of vector populations 
(transmitters are Anopheles spp mosquitoes), one of 
which is influenced by rainfall intensity, as well as the 
source of the parasite Plasmodium spp. or sufferers 
in addition to the presence of a susceptible host (7). 

Anopheles species can become malaria vectors if they 
have a long life, high contact with humans, and are 
the dominant species in that location (8). In Indonesia, 
there are more than 90 species of Anopheles spp. and 
that have been known to be vectors are as many as 18 
species with the best known being  An. sundaicus, An. 
barbirostris, An. maculatus and An. Aconitus (9).

Analysis by forecasting is one method of 
predicting disease situations, one of which is influenced 
by climate, such as malaria and dengue. An analysis 
that has been carried out in Kotabaru, Indonesia, shows 
that an approach using decomposition analysis can 
develop a spatial decision support system to assist the 
local health office in controlling malaria locally so that 
the control carried out is effective in achieving the goal of 
malaria elimination (10).

Several studies show Malaria is associated with 
climatic factors. Recently, a study conducted in  Nigeria 
showed that rainfall and temperature had an effect on 
the incidence of malaria with a correlation coefficient 
of R2 ≥ 70.0 in the ecological zones of Rainforest, 
Freshwater, and Mangroves (11). Research using climate 
data has also been carried out in all districts in South 
Sumatra, Indonesia, which shows that the rainfall variable 
affects the incidence of malaria using geographically 
weighted regression (GWR) analysis (12). Another study 
in Purworejo, Indonesia, also showed the same results 
with three statistical approach models, namely 0.05, 0.01 
and 0.001 significance levels. Research using climate 
data is also widely used to predict disease incidence 
with monthly and annual climate patterns (13). This 
study aims to determine the trend of malaria incidence 

by forecasting and to find out the relationship between 
climate factors and malaria cases in East Kalimantan 
Province as an illustration to help the malaria elimination 
program. Trend analysis with forecasting can be used 
to determine seasonal patterns of malaria incidence so 
that intervention patterns can be determined before the 
transmission season.

METHODS
Research Area 

East Kalimantan is the second biggest province 
after Papua in Indonesia and one of the five provinces 
on Borneo Island. East Kalimantan, as the brandnew 
capital city, has 127.267 km land region. Meanwhile, the 
region of marine control is 25,656 rectangular km. East 
Kalimantan is positioned between 113º44’ and 119º00’ 
East Longitude and between  2º33’ North Latitude and 
2º25’ South Latitude (14).

East Kalimantan has an undulating topography 
from mild to steep slopes, with elevations starting from 
0-1500 meters above sea degree (masl) with a slope of 
0-60%. The lowland regions of this province are commonly 
observed at more than 1,000 meters above sea degree 
with a slope of 300%. The plateau is placed within the 
northwest, immediately adjoining to the Malaysia region. 
Broadly speaking, the topography of East Kalimantan 
is 43.35% of the land location protected within the 
slope above 40%. Meanwhile, 43.22% is situated at an 
altitude of 100-1,000 meters above sea degree. East 
Kalimantan includes seven regencies and three cities. 
East Kalimantan is bordered by North Kalimantan at 
the north, the Makassar Strait, and the Celebes Sea 
at the east, South Kalimantan at the south and Central 
Kalimantan, West Kalimantan, and in addition to the 
Sarawak Part of East Malaysia at the west (14).

Several malaria managements, including vector 
management, distribution of mattress nets to danger 
agencies and pregnant women, indoor residual spraying 
(IRS), and antimalarial treatment, were applied on the 
examined site. Based on the Statistic Center Agency, 
there are one hundred eighty fitness facilities and 689 
sub-fitness facilities to operationalize public fitness 
packages, along with malaria management packages in 
East Kalimantan.

Collecting Data
Data collection was carried out at the Provincial 

Health Office through recapitulated data from the district 
level in East Kalimantan. The month-to-month laboratory 
records showed malaria instances through 2014–2020 
received from the East Kalimantan Provincial Health Office. 
All malaria times ought to be stated with the resource 
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of the use of the Community Health Center through 
e-SISmal, a specific country-wide reporting system and 
application for malaria. E-SISmal statistics consisted of 
age, gender, diagnosis (P. falciparum, P. vivax, P. ovale, 
P. malariae, P. knowlesi, and mixed) confirmed with the 
resource of the use of microscopic examination or fast 
diagnostic test (RDT) and geolocation (village information 
or PHC). The manipulate programmer at Community 
Health Center prepares and sends a monthly report form 
to the provincial degree for validation in advance than 
sends it to the National Ministry of Health. Population 
records for villages are  accumulated from the files of the 
neighborhood Statistics Central Agency (14), and climate 
records such as rainfall, temperature, and humidity are 
received from the Meteorological, Climatological, and 
Geophysical Agency (15).

Data Analysis 
Descriptive evaluation accomplished to 

summarize the wide variety of instances via way of 
means of age institution (< 5, 5–9, 10-14, 15-54, and 
> 55 years), sex, and form of malaria contamination. 
Pearson correlation was used to decide the affiliation 
of Plasmodium contamination with age institution and 
sex. Trend evaluation was accomplished to look at 
developments within a wide variety of malaria instances 
via   means of age, sex, and form of contamination over 
the years. In the usage of the two tailed approach for 
developments. p-value < 0.05 is considered statistically 
significant. Statistical assessment was achieved through 
the use of SPSS 21 version (IBM, Armonk, NY, USA). A 
multiplicative seasonal decomposition assessment   using  
SPSS 21 version  decomposed the monthly occurrence 
of P. falciparum and P. vivax (Yt) into a composite trend 
(Tt), a seasonal component (St), and  mistakes or residual 
component (Et) (16). The relationship between phrase 

decomposition and malaria prevalence was defined in 
the formulation.

Analysis of graphs and climate data (humidity, 
temperature, and rainfall) and their effect on the 
incidence of malaria was performed with Spearman’s 
rank correlations. Statistical evaluation used SPSS 21 
version (IBM, Armonk, NY, USA).

Ethics Statement
Ethical approval for this research was obtained 

from the Ethics Committee of the Health Research and 
Development, Indonesia with the number: LB.02.01/2/
KE.156/2021.

RESULTS
Descriptive statistics 

Malaria cases were reported as many as 11, 
902 during 2014-2020. Malaria cases were significantly 
higher in men (88.5%) and individuals > 15 years old 
(91.3%) and the least in those > 64  years  (1.3%)  
(Table 1). Based on the API score, the malaria trend in 
East Kalimantan had the opportunity to decrease with a 
decrease of the API score from 2014, 2015, and 2016, 
but then it increased again in 2017 to 2020. By sex, 
malaria instances were drastically better in adult males 
than females over time (p = 0.044). Based on age, 
malaria instances were stated large within the population 
≥ 15 years (p < 0.06). All forms of infections had proven 
a downward fashion in 2016; however, they extended 
once more till 2020 (p < 0.001). Types of contamination 
P. malariae, P. ovale, and P. knowlesi are few in range 
and   no longer arise each year. In the recapitulation of 
facts, there’s a distinction between the full range of every 
species and overall malaria instances each year  from     
0 – 77%. The greatest distinction was in 2016 whilst 
there was no distinction in 2020.

 

Table 1.  Annual Malaria Cases and the Proportion by Sex, Age and Type of Infection, East Kalimantan, Indonesia (2014-
2020)

Variable n (%)
No. of Case (%)

2014 2015 2016 2017 2018 2019 2020 p-value
Sex

Male 11547 (88.5) 1667 (80.4) 1281 (79.2) 1120 (90.5) 1458 (92.4) 2073 (89.6) 1913 (92.6) 2035 (94.2)
0.044

Female 1499 (11.5) 407 (19.6) 336 (20.8) 118 (9.5) 120 (7.6) 241 (10.4) 152 (7.4) 125 (5.8)
Age(years)

<5 258 (2.0) 82 (4.0) 114 (7.1) 10 (0.8) 12 (0.8) 24 (1.0) 7 (0.3) 9 (0.4)

0.06
5-14 700 (5.4) 169 (8.1) 204 (12.6) 50 (4.0) 66 (4.2) 86 (3.7) 61 (3.0) 64 (3.0)

15-64 11917 (91.3) 1796 (86.6) 1279 (79.1) 1170 (94.5) 1487 (94.2) 2181 (94.3) 1970 (95.4) 2034 (94.2)
>64 171 (1.3) 27 (1.3) 20 (1.2) 8 (0.6) 13 (0.8) 23 (1.0) 27 (1.3) 53 (2.5)

Total 13046(100) 2074(100) 1617(100) 1238(100) 1578(100) 2314(100) 2056(100) 2160(100)
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Decomposition analysis 
The month-to-month sample of P. falciparum 

and P. vivax infections in East Kalimantan at some point 
of 2014 – 2016 is given in Figure 1. 

Figure 1. Monthly Distribution of Malaria in  East 
Kalimantan, Indonesia during 2014-2020

The maximum common variety of P. falciparum 
instances was in February, while the common variety of 
P. vivax instances improved in December–February. This 
implies the variety of P. falciparum and P. vivax instances 
decreased greatly from June to September. The effects 
of the decomposition assessment showed a big reducing 
manner for the times of P. falciparum and P. vivax (Figure 
2). In addition, decomposition assessment showed 
a smooth seasonal pattern for every infection. For P. 
falciparum infection, a single pinnacle was found every 

February each year, but a bimodal seasonal pattern was 
found for P. vivax infection (February and June).

Weather Correlation Analysis with Malaria
The climate data increased, followed by an 

increase in cases, of both falciparum malaria and vivax 
malaria. Temperature pattern increased in December-
April where humidity and rainfall are low (Figure 3). 
Spearman’s rank correlation was used to research the 
connection among malaria cases (P. falciparum and P. 
vivax) in the course of the observed duration and climate 
predictors at monthly intervals. In East Kalimantan, 
relative humidity confirmed a high correlation with P. 
vivax at a 1-month c program language period on the 95% 
self-assurance level (Table 2). While month-to-month 
temperature confirmed a poor correlation with P. vivax in 
every month on the 99% self-assurance level (Table 2) 
Meanwhile, the rainfall factor showed to be uncorrelated 
to the P. vivax case as well as all climatic factors 
(humidity, temperature, and rainfall) were uncorrelated 
to the P. falciparum case in East Kalimantan.

Table 2. Spearman’s Rank Correlation Between Weather 
Variables and Malaria Cases (P. Falciparum and P. Vivax) 
in East Kalimantan

Spearman Test Temperature 
(0C)

Humidity 
(%)

Rainfall 
(mm)

Pf Case -0.194 0.127 0.003
Pv Case -.242* .405** 0.181

**. Correlation is significant at the 0.01 level (2-tailed), 
*. Correlation is significant at the 0.05 level (2-tailed).

Table 3. Poisson Regression Coefficients of Weather Data 
with Malaria Cases (P. Falciparum) from January 2014 to 
December 2020 in East Kalimantan, Indonesia

Variable β S.E. p-Value
Temperature -24,80346 9.336792 0.008
Humidity 0.9932632 1.653624 0.548
Rainfall -0.0636202 0.0390182 0.103
QICu -422.9083326

AIC: Akaike’s information criterion, β: coefficients, S.E: standard error. 
AIC: 853.8167, BIC: 863.5399

Variable n (%)
No. of Case (%)

2014 2015 2016 2017 2018 2019 2020 p-value
Type of infection

P. falcifarum 5198 (43.7) 1097 (54.0) 905 (56.4) 82 (29) 690 (45.7) 848 (37.7) 709 (34.3) 867 (40.1)

<0.001
P. vivax 4803 (40.4) 637 (31.4) 543 (33.8) 160 (57) 570 (37.7) 910 (40.5) 1028 (49.8) 955 (44.2)
P. malariae 43 (0.4) 2 (0.1) 2 (0.1) 0 (0.0) 1 (0.1) 18 (0.8) 11 (0.5) 9 (0.4)
P. ovale 2 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.1) 0 (0.0) 0 (0.0)
P. knowlesi 6 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.1) 3 (0.1) 1 (0.0)
mixed 1850 (15.5) 294 (14.5) 155 (9.7) 40 (14) 250 (16.5) 468 (20.8) 315 (15.2) 328 (15.2)

Data difference 1144 (9) 44 (2) 12 (1) 956 (77) 67 (4) 66 (3) -1 (0) 0 (0)

Total 11902 (100) 2030 (100) 1605 (100) 282 (100) 1511 (100) 2248 (100) 2066 (100) 2160 (100)
Overall API per 
1000 people 0.69 0.47 0.39 0.48 0.67 0.63 0.62
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Figure 2. Trends Seasonal Decomposition of Monthly A. Seasonal Factors and B. Trend Cycle for P. falcifarum case, C. 
Seasonal Factors and D. Trend Cycle for P. vivax case (2014-2020), East Kalimantan, Indonesia

The Poisson regression model for Plasmodium 
Falciparum was

ln(Y) = 677.9468 – 24,80346Xtemperature + 0.9932632Xhumidity 
– 0.0636202Xrainfall

The amount of humidity positively affected the 
number of malaria cases in East Kalimantan (Poisson 
regression model: humidity table X). The temperature 
and rainfall had a negative effect on the number of 
malaria cases (Poisson regression model: temperature 
and rainfall, Table X) (Table 3). The Poisson regression 
model for Plasmodium Falciparum was

ln(Y) = - 9.822697 – 10.17071Xtemperature + 4.238997Xhumidity 
– 0.0501545Xrainfall

Table 4. Poisson Regression Coefficients of Weather Data 
with Malaria Cases (P. Vivax) from January 2014 to 
December 2020 in East Kalimantan, Indonesia
Variable β S.E. p-Value
Temperature -10.17071 7.980327 0.202
Humidity 4.238997 1.413382 0.003
Rainfall -.0501545 0.0333496 0.133
QICu -409.721736

AIC: Akaike’s information criterion, β: coefficients, S.E: standard error. 
AIC: 827.4435, BIC: 837.1667

Table 5. Time-Series Poisson Regression of the Monthly 
Malaria (P. Vivax) Cases (2014-2020) on the Weather 
Factors in East Kalimantan, Indonesia

Variable
Model I Model II

β S.E. p-Value β S.E. p-Value

Temperature -2,480,346 9.336792 0.008 -15.68792 8.139636 0.054

Rainfall -0.06362 0.039018 0.103 -.0001757 0.0302799 0.995
Humidity 0.9932632 1.653624 0.548
QICu -422.9083326 -414.1970404

Table 6. Time-Series Poisson Regression of the Monthly 
Malaria (P. Falciparum) Cases (2014-2020) on the Weather 
Factors in East Kalimantan, Indonesia

Variable
Model I Model II

β S.E. p-Value β S.E. p-Value

Temperature -2,480,346 9.336792 0.008 -26.09623 9.049425 0.004

Rainfall -0.06362 0.039018 0.103 -0.051909 0.033664 0.123

Humidity 0.9932632 1.653624 0.548
QICu -422.9083326 -423.097322

The amount of humidity positively affected the 
number of malaria cases in East Kalimantan (Poisson 
regression model: humidity table X). The temperature 
and rainfall had a negative effect on the number of 
malaria cases (Poisson regression model: temperature 
and rainfall, Table X) (Table 4).
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Humidity is definitely  related to malaria 
occurrence within the subtropical town of  East 
Kalimantan, Indonesia. Temperature and rainfall pace 
is inversely related to the malaria occurrence of each 
month.

Figure 3. Malaria Case (P. falciparum and P. vivax). The 
Weather Data (Rainfall, Humidity, and Temperature) 
from 2014 to 2020 in the East Kalimantan Provinces of 
Indonesia.

DISCUSSION

In Indonesia, P.falciparum and P.vivax are the 
dominant species compared to P.malariae, P.ovale, and 
P.knowlesi. Likewise, on the Borneo island, including 
East Kalimantan, malaria infection is more dominated by 
P. falciparum and P. vivax (17). It is indicated by the very 
low number of P. malariae and P. ovale infection cases 
and does not occur every year in East Kalimantan. The 
same phenomenon also occurred in  South Kalimantan 
and Central Kalimantan where P. malariae and P. ovale 
cases were very rare and almost non-existent throughout 
the year, while the prevalence of P. falciparum infections 
was 79.2% and P. vivax 20.8 % for Central Kalimantan, 
and 45.7% for the prevalence of P. falciparum and P. 
vivax cases in South Kalimantan (18). It is known that 
P. malariae  and P. ovale are more commonly found 
in Eastern Indonesia, especially Papua (19). So that 
the cases of P.malariae and P.ovale infections in East 
Kalimantan are suspected to be imported malaria cases 

brought by immigrants from these endemic areas of 
Eastern Indonesia.

P.knowlesi is malaria in macaques Macaca 
fascicularis and M. nemestrina as reservoir hosts which 
is transmitted to humans through the bite of Anopheles 
Leucosphyrus spp and An.latents mosquitoes (20). 
P.knowlesi is found on the Borneo islands, especially 
Sarawak, Malaysia, South Kalimantan, Central 
Kalimantan and East Kalimantan, Indonesia (21). The 
low number of P.knowlesi cases could be due to the 
relatively rare location of P.knowlesi transmission from 
apes to humans, which generally occurs in the forest. In 
addition, the process of transmitting P. knowlesi between 
monkeys is also much higher when compared to infection 
from monkeys to humans (22). In addition, the low number 
of P.knowlesi cases in East Kalimantan may also lead to 
difficulties, limitation and microscopic identification errors 
because they are morphologically similar to P.falciparum 
and P.malariae, so it is recommended to examine 
P.knowlesi samples using nested PCR (23).

The pattern of malaria cases in East Kalimantan 
is almost the same as other regions in Indonesia where 
the highest percentage of malaria cases occurs in men 
rather than women with an age range of > 15-64 years, 
namely in the productive age (24). This phenomenon is 
caused by the fact that men of productive age are more 
active for activities or work outside, especially working 
in places and times that have higher potential risk for 
malaria transmission, such as forests or being outside at 
night (25). Other factors are related to immunity and the 
socioeconomic role of men to work outside even at night, 
thereby lowering the body’s immunity and so making it 
more susceptible to infection with diseases, including 
malaria (26). 

The peak pattern of malaria transmission and 
cases in East Kalimantan occurred in February for P. 
falciparum and December to February for P. vivax and 
was associated with seasonal patterns in Indonesia. 
December to February is categorized as the wet months, 
which is included in the range of the rainy season in 
Indonesia  where high enough rainfall can trigger a risk 
to appear  water puddles on the ground which have 
the potential to increase the quantity of Anopheles sp 
breeding habitat as a malaria vector (27). The average 
number of P. falciparum and P. vivax cases was much 
lower from June to September, this was also influenced by 
the dry months with minimal rainfall in that period where 
the East Kalimantan region is classified as a monsoon 
region and generally characterized by sparse or unequal 
with  rains from May to September (27) thus causing the 
dryness of the breeding habitat of the Anopheles sp, 
which also has an impact on decreasing the transmission 
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rate of malaria cases in the area. Likewise, a  significant 
decrease in malaria cases occurred in 2016  associated 
with a strong El Nino event that occurred from May 2015 
to February 2016 (28). El Nino is a natural phenomenon 
where there is a significant decrease in rainfall and an 
extension of the dry season so that it can dry up puddles 
which are the breeding habitat of Anopheles sp and have 
an impact on the decline in the Anopheles sp population 
so that the transmission and number of malaria cases 
also decreases.

In Bangladesh, the rainfall and humidity were 
the most significant variables influencing Anopheles sp 
density but temperature were not found as a significant 
variable on malaria incidence and the abundance of 
Anopheles sp (29). The phenomenon was exactly the 
same with this study. Other research found that the 
water temperature was also not significantly correlated 
with the abundance of Anopheles immatures (30). But  
research in Lampung Province, Indonesia   contradicts  
with the phenomenon and found that water temperature  
also affects the density of Anopheles sp, especially 
An.sundaicus (31).

In terms of malaria control in East Kalimantan 
Province, in addition to understanding the relationship 
between climate and malaria incidence, information on 
species and bionomics of malaria vectors is needed 
to implement effective control efforts. For example, in 
Thailand, four species of malaria vectors were found, 
namely An. minimus, An. maculatus, An. annularis and 
An. barbirostris. The four vector species have different 
behavior and tendencies. An. minimus has a trend 
collected throughout the year, with the peak abundance 
before and after the rainy season. An. maculatus shows 
the main peak during the rainy season while An. annularis 
and An. barbirostris showed the peak abundance during 
the transition from the rainy season to the dry season. 
In terms of the location of the capture, An. minimus is 
more commonly found indoors, while An. annularis 
and An. barbirostris was more abundant in outdoor 
collections with each species indicating their potential 
role in indoor or outdoor malaria transmission (32). In 
Pakistan, temperature changes caused a temporal shift 
in the presence of the malaria vector An. subpictus which 
predominates in the warm season. This is attributed to the 
incapacity of An. subpictus to tolerate low temperatures 
in addition to its capacity to resist better conductivity, 
turbidity, pH and natural pollutants with ammonia from 
drying conditions throughout the nice and warm season. 
Larvae and adult  mosquitoes of An. subpictus disappear  
absolutely from January to June and reappear  at the 
start of the monsoon every year  (33).

In Meghalaya, India, the distribution of Anopheles 
sp as malaria vectors varies significantly between 
seasons and regions. The mean density of Anopheles sp 
was significantly higher in urban areas in all seasons, but 
higher in agricultural and pasture lands area only in the 
rainy and post-rainy seasons. This shows that there is a 
significant relationship between land use and land cover 
modification with the presence of vectors and malaria 
cases in an area (34). Therefore, the implementation 
of land use and land cover modification should ideally 
predict the potential future impacts of deforestation on 
vector density using information on the type of planned 
agricultural development adapted to the ecology of the 
local Anopheles sp (35).

A research claimed that An. nigerrimus is the 
one of the malaria vectors in East Kalimantan (36), but 
the other several species of Anopheles scattered in the 
Borneo islands   also have the potential risk as malaria 
vectors and include An. balabacencis, An. barbirostris, 
An. leucosphyrus, An. maculatus, An. minimus, An. 
nigerrimus, An. subpictus, and An. sundaicus (37). 
Most of the Borneo islands are dominated by An. 
balabacensis, but specifically An. barbirostris and An. 
leucospyrus is an infectious vector in some areas in 
the interior, while An. sundaicus  are dominant species 
at the coastal areas (38). An. niggerimus as a malaria 
vector in East Kalimantan has the specific characteristic 
of biting humans outdoors at dusk and at night and is 
rarely found indoors or in cattle pens. The breeding 
habitat is in ponds and lakes that are clear and grassy, 
shady rice fields, or on the banks of rivers with lots of 
vegetation and sometimes also found in brackish water 
(39). It is necessary to update information for various 
types of malaria vector species and their bionomics in 
East Kalimantan Province, especially for species that 
have potential as vectors.

In the malaria control program activities in 
East Kalimantan, it was found that the case recording 
process was not good where there was a difference in 
the number of malaria cases between the number of 
cases per sex and age and the number of cases per 
species of malaria. A poor case recording system can 
hinder the achievement of malaria elimination targets 
in East Kalimantan. Learning from the experience of 
successful malaria elimination in several other provinces 
in Indonesia, monitoring and evaluation is one of the 
activities that support the achievement of elimination. 
Several things need to be implemented in order to achieve 
malaria elimination, including mapping of endemic areas, 
identification of focus areas of transmission, early case 
finding with collaboration between the community and 
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health workers, preparation of strategic control plans, full 
support across relevant sectors and local governments, 
implementation of planned effective control programs, as 
well as monitoring and evaluation of strategy and control 
developments (40).
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CONCLUSION

Our investigation confirmed that the connection 
among malaria instances and climatic elements is 
multifaceted. Vector bionomics at and perform non-stop 
tracking of malaria transmission and documenting device 
developments are wanted in surveillance and manage 
applications in recognized high-danger regions to be 
successful for removal purpose in 2030.
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