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Abstract

Background: Falciparum malaria remains a serious clinical threat in Papua because the
increasing burden of Plasmodium falciparum parasites can worsen the immune response and
disrupt the hematological profile of hospitalized patients. Objective: This study aims to analyze the
association between Plasmodium falciparum parasite density and lymphocyte percentage in
hospitalized falciparum malaria patients at Jayapura Regional General Hospital during 2024—
2025. Methods: The study used an observational analytical design with a cross-sectional approach
based on medical record data. Samples were obtained through total sampling, from an initial
population of 603 to 525 patients who met the inclusion and exclusion criteria. Data were analyzed
descriptively and bivariately using the Spearman correlation test. Results: Most patients were
adults, 322 people (61.3%), male, 275 people (52.4%), with a mean total lymphocyte percentage
of 19.086+10.79%. The Spearman test showed a weak negative correlation between parasite
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density and lymphocyte percentage (r=-0.199; p<0.001). Conclusion: An increase in parasite
burden tends to be accompanied by a decrease in lymphocyte percentage. This study provides
preliminary local evidence on the immune-hematological profile of hospitalized falciparum malaria
based on two years of hospital data in the endemic region of Papua, relevant for strengthening
local clinical malaria laboratory interpretation.

Keywords: Parasite density; Lymphocytes; Falciparum malaria; Inpatients; Plasmodium
falciparum

INTRODUCTION

Falciparum malaria remains an important clinical problem in Papua as a malaria-endemic
region. Infection with Plasmodium falciparum produces serious effects on patients because it can
progress into a severe condition requiring hospital monitoring. The severity of this disease is
determined not only by the presence of the parasite but also by parasite density in the blood. High
parasite density relates to the risk of clinical complications and can worsen a patient’s condition
(Alam et al., 2021). Infection with Plasmodium falciparum also triggers an inflammatory response
through immune mediators such as TNF-q, IL-6, IFN-y, and IL-8 (Alfaki et al., 2023; Morang’a et al.,
2024). This response can differ by age and sex, so laboratory interpretation needs to consider
patient characteristics (Bohli et al., 2026). Falciparum malaria in hospitalized patients in Papua
requires serious attention so that directed monitoring of parasitemia and blood parameters
becomes necessary.

Falciparum malaria infection affects the hematological condition of patients. The clinical
condition of falciparum malaria patients gradually worsens during care at the hospital or at home.
Laboratory examination of falciparum malaria patients shows marked changes in hemoglobin,
platelet, leukocyte, and lymphocyte levels (Elkhalifa et al., 2021). These changes are important
because they can reflect the body’s response to infection and the severity of the parasite burden.
A study by (Onohuean et al., 2023) shows that laboratory outcomes in P. falciparum infection can
differ according to a patient’s biological condition, so the interpretation of blood results cannot
be separated from the clinical context. Research by (Saleh et al.,, 2023) also affirms that
hematological parameters and immune mediators play a role in describing the dynamics of the
body’s response in falciparum malaria. The lymphocyte percentage therefore needs to be
examined as part of the leukocyte profile that can help read a patient’s immune response to an
increasing parasite burden during hospitalization.

4119
IJEVSS, Volume 05 Issue 03, 2026

Copyright at authors some right reserved this work is licensed under a Creative
Commons Attribution-Share Alike 4.0 International License



http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

Iniernanonal Journal ol Educaiion, Vocaiional and Social Science

htips:/ /e-joumal.cifakonsuifindo.or.id/index.php /IJEVSS
E-ISSN : 2063 4954 [l VSS

The lymphocyte percentage is one of the complete blood count parameters frequently
available in falciparum malaria patients, yet its clinical meaning does not always receive special
attention. Lymphocytes play a role in the adaptive immune response to Plasmodium falciparum
infection, particularly through T-cell and B-cell activity (Antwi-Baffour et al., 2025). Changes in
leukocyte count, including lymphocytes, can relate to parasite density and reflect the dynamics of
the immune response during malaria infection (Nugraha et al., 2025). The role of lymphocytes
becomes increasingly important because T-cell subpopulations are known to be involved in
immune mechanisms that can influence the course and severity of malaria(Sharma et al., 2024).
Beyond the cellular response, falciparum malaria infection also triggers inflammatory mediators
such as IFN-y, IL-6, and TNF-a that relate to the immune response against the parasite (Alfaki et
al., 2023; Morang’a et al., 2024). This condition shows that lymphocytes cannot be viewed merely
as a routine figure in laboratory results. The lymphocyte percentage therefore needs to be
interpreted as part of the immune-hematological profile that can help read a patient’s response
to the burden of falciparum malaria infection.

The assessment of lymphocyte percentage becomes more meaningful when linked to
parasite density as a measure of infection burden. The parasite density of Plasmodium falciparum
describes the number of parasites in the blood and can indicate the biological pressure on a
patient’s immune system. In severe malaria, parasite biomass and host-response markers relate
to disease severity, so both are important in clinical assessment (Varo et al., 2025). An increase in
parasitemia also relates to changes in leukocyte count in malaria patients, indicating the
involvement of a cellular response to the infection burden(Nugraha et al., 2025). Immunologically,
P. falciparum infection can be accompanied by changes in peripheral lymphocytes and their
subpopulations as part of the dynamics of the body’s response to the parasite (Antwi-Baffour et
al., 2025)(Antwi-Baffour et al., 2024). The relationship between parasite density and lymphocyte
percentage has not been explained specifically in hospitalized patients in Papua. Analysis of
falciparum malaria patients at Jayapura Regional General Hospital is therefore needed to clarify
this biological association within the endemic-region context.

The association between parasite density and lymphocyte percentage needs to be placed
within the context of malaria services in Papua. This region continues to show a substantial malaria
burden, including in Jayapura, so hospital clinical data become important for reading the disease
pattern in patients who require care (Fauziah et al., 2026). Environmental factors in Papua also
continue to play a role in maintaining malaria transmission risk, so inpatient cases cannot be
separated from the local endemicity context (Ashar et al., 2025). On the clinical side, research in
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West Papua shows that malaria can be accompanied by hematological changes, including anemia,
thrombocytopenia, and changes in other blood cells (Jiero & Pasaribu, 2021). Earlier hospital-
based findings in Papua also affirm that malaria can impose a meaningful clinical and
hematological burden on patients presenting to health facilities (Douglas et al., 2013). Within this
context, the 2024-2025 data from Jayapura Regional General Hospital hold important value
because they derive from real service practice, not merely community surveys. These data can be
used to observe the immune-hematological pattern of hospitalized falciparum malaria patients,
particularly the relationship between the parasite density of Plasmodium falciparum and
lymphocyte percentage.

Hospital data in endemic regions are important not only for recording cases but also for
assessing clinically meaningful relationships between laboratory parameters. Studies in Papua
have linked parasite density with hematological parameters in Plasmodium vivax and Plasmodium
falciparum infection, but the lymphocyte percentage has not been positioned as a primary focus
in hospitalized patients (Kurniawan et al., 2020). Research in West Papua also shows that malaria
can be accompanied by hematological changes, but the discussion has not specifically linked
parasite density with lymphocytes in hospital services (liero & Pasaribu, 2021). Outside Papua,
hematological studies of falciparum malaria affirm changes in blood indices and leukocytes, but
those findings have not addressed the local evidence needs of Jayapura Regional General Hospital
(Elkhalifa et al., 2021). Meanwhile, changes in peripheral lymphocytes in P. falciparum infection
have been reported as part of the immune response, but have not been directly linked with
parasite density in hospitalized patients in Papua (Antwi-Baffour et al., 2024). The current
limitation in scientific evidence lies in the absence of a local, inpatient-data-based study assessing
the relationship between the parasite density of Plasmodium falciparum and lymphocyte
percentage. This study addresses that limitation by drawing on the medical records and routine
laboratory results of Jayapura Regional General Hospital during 2024—-2025.

Building on that problem and the limitation in scientific evidence, this study aims to
analyze the association between the parasite density of Plasmodium falciparum and lymphocyte
percentage in hospitalized falciparum malaria patients at Jayapura Regional General Hospital
during 2024-2025. The results are expected to provide preliminary local evidence on the immune-
hematological profile of falciparum malaria within the hospital-service context of the endemic
region of Papua. The findings can also serve as a basis for strengthening the interpretation of
routine laboratory examinations in the clinical assessment of hospitalized falciparum malaria
patients.
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RESEARCH METHOD

This study is an analytical observational study with a cross-sectional design based on
retrospective medical record data. The study was conducted at the Regional General Hospital of
Jayapura in June 2026 using inpatient data from the 2024—-2025 period. The study population was
all hospitalized patients diagnosed with falciparum malaria recorded at Jayapura Regional General
Hospital during that period. The sample was obtained using the total sampling technique, namely
all patients who met the inclusion criteria and did not fall under the exclusion criteria. Of the 603
patients identified, 525 patients met the criteria and were analyzed. The inclusion criteria covered
hospitalized patients diagnosed with falciparum malaria, with complete age and sex data,
documented malaria examination results, and complete blood count results containing the
lymphocyte percentage. The exclusion criteria covered patients with incomplete medical records,
non-falciparum malaria, coinfections that can affect lymphocytes such as dengue fever, HIV,
sepsis, or tuberculosis, and a history of immunosuppressant use.

The independent variable of the study was the parasite density of Plasmodium falciparum,
namely the number of parasites per microliter of blood based on laboratory examination results
recorded in the medical records. The dependent variable was the lymphocyte percentage, namely
the proportion of lymphocytes relative to total leukocytes based on complete blood count results.
The characteristic variables covered age and sex. Age was grouped into children 0—17 years, adults
18-59 years, and elderly over 60 years, while sex was categorized as male and female. Data
collection used a standardized extraction sheet covering patient code, year of care, age, sex,
falciparum malaria diagnosis, parasite density, and lymphocyte percentage. The data were
rechecked to ensure completeness, diagnostic suitability, and consistency of laboratory values
before analysis.

Data analysis used SPSS version 32. Univariate analysis was used to describe patient
characteristics, parasite density, and lymphocyte percentage in the form of frequency,
percentage, mean, and standard deviation. Bivariate analysis was conducted to assess the
correlation between the parasite density of Plasmodium falciparum and lymphocyte percentage.
The Spearman test was used because the analysis was directed at the relationship between two
numerical variables not assumed to be normally distributed. A p-value <0.05 was declared
statistically significant, while the correlation coefficient was used to assess the direction and
strength of the relationship.
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RESEARCH RESULTS

The results show that of the 525 hospitalized falciparum malaria patients at Jayapura
Regional General Hospital during 2024-2025, the adult age group was the largest with 322
patients (61.3%). The children’s group was recorded at 150 patients (28.6%), while the elderly
group numbered 53 patients (10.1%). By sex, male patients numbered 275 people (52.4%) and
female patients numbered 250 people (47.6%). This distribution describes the composition of
hospitalized falciparum malaria patients by age and sex within the study population (Table 1).

The proportion of adult patients was the largest in this study’s data. The elderly group was
the smallest. The difference in the number of male and female patients was not large, with a
difference of 25 patients. This composition shows the basic distribution of hospitalized falciparum
malaria patients analyzed in the study.

Table 1. Characteristics of hospitalized falciparum malaria patients at Jayapura Regional
General Hospital during 2024-2025

Characteristic Category n %
Age Children (0—17 years) 150 28,6
Adults (18-59 years) 322 61,3
Elderly (>60 years) 53 10,1

Total 525 100,0
Sex Male 275 52,4
Female 250 47,6

Total 525 100,0

The mean lymphocyte percentage in hospitalized falciparum malaria patients differed by
age group and sex. By age group, the highest mean lymphocyte percentage was found in children
at 23.453+£12.81%, followed by the elderly at 19.730£11.56%, and adults at 16.946+8.87%. The
mean lymphocyte percentage across all patients was recorded at 19.086+10.79%. By sex, females
had a mean lymphocyte percentage of 20.039+11.20%, while males had 18.220+10.34%. A
summary of the mean and distribution of lymphocyte percentage by patient characteristics is
presented in Table 2.

By sex, the mean lymphocyte percentage in females was higher than in males. Females
had a mean lymphocyte percentage of 20.039+£11.20%, while males had 18.220+10.34%. The
standard deviation in the female group was also slightly larger than in males. These data show the
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distribution of the mean lymphocyte percentage across each patient characteristic group.

Table 2. Lymphocyte percentage of falciparum malaria patients by age and sex

L. Mean lymphocyte Standard
Characteristic Category n L.
percentage (%) deviation
Age Children(0-17 years) | 150 | 23,453 12,81
Adults (18-59 years) | 322 | 16,946 8,87
Elderly (>60 years) 53 | 19,730* 11,56
Total 525 | 19,086 10,79
Sex Male 275 | 18,220 10,34
Female 250 | 20,039 11,20
Total 525 | 19,086 10,79

Bivariate analysis was conducted to assess the association between the parasite density of
Plasmodium falciparum and lymphocyte percentage in 525 hospitalized falciparum malaria
patients. The Spearman test obtained a correlation coefficient of -0.199 with a p-value <0.001.
This coefficient indicates a negative correlation direction between parasite density and
lymphocyte percentage. The complete correlation test results are presented in Table 3.

The strength of the correlation was in the weak category based on the coefficient obtained.
The p-value <0.001 shows that the test result was statistically significant. The bivariate result in
this study shows a weak negative correlation between the parasite density of Plasmodium
falciparum and lymphocyte percentage in hospitalized falciparum malaria patients.

Table 3. Correlation between the parasite density of Plasmodium falciparum and lymphocyte

percentage
. Statistical Correlation p- .
Variables analyzed n . Interpretation
test coefficient (r) | value

Parasite  density  of )

) : Weak negative
Plasmodium falciparum Spearman )

525 -0,199 <0.001 | correlation,
and lymphocyte rho o o
statistically significant

percentage

Overall, this study’s results show that hospitalized falciparum malaria patients at Jayapura
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Regional General Hospital during 2024-2025 came more from the adult age group and slightly
more from males. The lymphocyte percentage showed variation by age and sex, with a total mean
of 19.086+10.79%. The correlation analysis revealed a statistically significant negative relationship
between the parasite density of Plasmodium falciparum and lymphocyte percentage, with a weak
correlation strength.

DISCUSSION

The findings of this study show that hospitalized falciparum malaria at Jayapura Regional
General Hospital during 2024-2025 had a clear clinical-laboratory pattern. Patients came more
from the adult age group and were slightly more dominant among males. The mean total
lymphocyte percentage was recorded at 19.086+10.79% and varied by age and sex. The results
revealed a significant negative correlation between the parasite density of Plasmodium falciparum
and lymphocyte percentage, although the strength of the relationship was weak. This pattern
shows that an increase in parasite burden relates to a decrease in lymphocyte percentage, but
that change is likely also influenced by other clinical and biological factors. The findings align with
recent evidence that hospitalized falciparum malaria has a clinical and immunological spectrum
influenced by the magnitude of the parasite burden and the host response. In adult patients with
severe malaria, clinical manifestations can involve several disturbances. Those effects include
impaired consciousness, systemic complications, and poorer outcomes, so hospitalized patients
need to be viewed as a group with higher clinical risk (Boushab et al., 2021). Recent studies also
show that assessing parasite burden through biomass indicators can strengthen understanding of
malaria severity compared with observing peripheral parasitemia alone (Konadu et al., 2026). On
the immunological side, Plasmodium falciparum infection relates to increased inflammatory
mediators that play a role in the body’s response to the parasite and to disease severity (Alfaki et
al., 2023). That variation in immune response can be influenced by clinical conditions and other
biological factors, so the relationship between parasite density and immune parameters is not
always statistically strong (Cuamba et al., 2026). This aligns with the present study’s result, namely
a significant but weak negative correlation between the parasite density of Plasmodium
falciparum and lymphocyte percentage. This preliminary finding supports the view that the
lymphocyte percentage needs to be read as part of the immune-hematological profile, not as a
single standalone marker.

The proportion of adult patients reaching 61.3% shows that hospitalized falciparum
malaria at Jayapura Regional General Hospital was recorded more in the productive age group.
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This finding aligns with reports on adult severe malaria patients in Mauritania, which show that
the adult group remains an important part of the clinical burden of falciparum malaria in hospitals
(Boushab et al., 2021). In other endemic regions, case distribution can also differ by age structure,
exposure pattern, and health-service characteristics, including among symptomatic patients at
urban health facilities (Hodson et al., 2022). The dominance of the adult group in this study likely
relates to mobility, work activity, and the chance of contact with transmission environments,
although those factors were not measured directly. The difference from studies highlighting
children as the vulnerable group can be explained by differences in study population, transmission
level, and type of service facility (Suttrisno, et al., 2025). Because these data come from
hospitalized patients, the results are more accurately read as a hospital case distribution, not as
malaria incidence in the general community. The adult age group is an important characteristic in
this study’s data, but it cannot be used alone to infer population risk without the support of
community data.

In this study, male patients were recorded as slightly more numerous than females, namely
52.4% versus 47.6%. This difference does not indicate strong dominance but still shows that
hospitalized falciparum malaria cases were found more among males in the 2024-2025 data of
Jayapura Regional General Hospital. This pattern can relate to differences in daily activity,
mobility, and the chance of contact with malaria transmission environments. In endemic regions,
males often have higher outdoor activity, so that the likelihood of exposure to the vector can
increase. This explanation cannot be confirmed directly because the study did not assess
occupation, nighttime-outing habits, bed-net use, or patient exposure location. The difference by
sex in this study is therefore more accurately read as a distribution of hospitalized patients, not as
evidence that males have a higher infection risk than females.

The proportion of male patients in this study was slightly higher than females, namely
52.4% versus 47.6%. This pattern aligns with recent studies showing that malaria distribution in
health facilities can display a higher male proportion, although the size of the difference can vary
between regions (Eya et al., 2025). The difference by sex in malaria relates not only to biological
factors but can also be influenced by activity, mobility, risk perception, and health-service-seeking
behavior (Ngutu et al., 2025). Malaria biomarker studies also show that age and sex can influence
the clinical-laboratory profile of patients, so biological characteristics need to be considered when
reading variation in findings (Bohli et al., 2026). The difference in proportion between males and
females in this study was relatively small, so it is insufficient to state strong dominance of a
particular sex. The sex difference in this study is therefore more accurately understood as a
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distribution of hospitalized patients, not direct evidence that males have a higher falciparum
malaria risk than females.

The variation in lymphocyte percentage in this study shows that the immune-
hematological response of falciparum malaria patients was not uniform across each characteristic
group. The highest mean was found in children at 23.453+12.81%, followed by the elderly at
19.730+11.56%, while the adult group had the lowest mean at 16.946+8.87%. This pattern shows
that the adult group, which also formed the largest proportion in the study, had a relatively lower
lymphocyte percentage than the other age groups. By sex, females showed a higher mean
lymphocyte percentage than males, namely 20.039+11.20% versus 18.220+10.34%. This
difference can reflect biological variation, infection phase, degree of parasitemia, or the
distribution of peripheral immune cells at the time the blood examination was performed. This
result needs to be read carefully because the study used lymphocyte percentage, not absolute
lymphocyte count. The finding is not yet sufficient to conclude clinical lymphopenia, but it still
provides a preliminary picture of variation in the lymphocyte profile of hospitalized falciparum
malaria patients.

The lymphocyte percentage in this study displayed a differing immune-hematological
pattern across characteristic groups of falciparum malaria patients. The highest mean was found
in children at 23.453+12.81%, while the adult group showed the lowest mean at 16.946+8.87%;
in the sex category, females had a higher mean than males. This pattern aligns with malaria
biomarker studies showing that age and sex can influence a patient’s laboratory profile, including
blood parameters related to the infection response (Bohli et al., 2026). A comparative study on
falciparum malaria also affirms that initial blood parameters can differ by endemicity context,
prior exposure, and disease severity (Von Wedel et al., 2025). Those differences may relate to
infection phase, parasite burden, immune status, and the distribution of peripheral immune cells
at the time the blood examination was performed. Other factors such as nutritional status and
coinfection can also influence hematological parameters in Plasmodium falciparum infection, so
the change in lymphocyte percentage cannot be explained by a single factor (Sumbele et al.,
2021).

This study’s results show a significant negative correlation between the parasite density of
Plasmodium falciparum and lymphocyte percentage in hospitalized falciparum malaria patients.
The value r=-0.199 with p<0.001 shows that an increase in parasite density tends to be followed
by a decrease in lymphocyte percentage, although the strength of the relationship was weak. This
finding is important because it places lymphocytes as part of the immune-hematological response
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that can change as the parasite burden increases. Biologically, that relationship can relate to
inflammatory activation, redistribution of peripheral immune cells, and changes in the body’s
response during the acute infection phase. The weak correlation shows that the lymphocyte
percentage is likely influenced not only by parasite density but also by other clinical and biological
factors not fully assessed in this study.

The difference in lymphocyte percentage by age and sex is insufficient to explain the
change inimmune-hematological response in falciparum malaria patients. The factor closer to the
infection process is parasite density, because this variable describes the magnitude of the
Plasmodium falciparum burden in the blood. In this study, parasite density correlated negatively
with lymphocyte percentage (r=-0.199; p<0.001), so higher parasitemia tended to be
accompanied by a lower lymphocyte percentage. This finding aligns with hematological studies of
falciparum malaria that report changes in blood indices and leukocyte components during
Plasmodium falciparum (Elkhalifa et al., 2021) infection. Immunologically, the infection burden
can also influence the body’s response to parasite antigens, including the humoral response in P.
falciparum(Abad et al., 2022). infection. That relationship does not stand alone, because parasite
density and immune response can be influenced by host condition, exposure history, and
accompanying coinfection (Cuamba et al., 2026; Matambisso et al., 2022). The weak correlation
in this study is therefore more accurately understood as a sign of the involvement of parasite
density in the change of lymphocyte percentage, not as a single explanation for the entire
immune-hematological dynamics of the patient.

This study’s findings reinforce that falciparum malaria relates to immune-hematological
changes, not merely parasite infection. The negative correlation between the parasite density of
Plasmodium falciparum and lymphocyte percentage shows that an increase in parasite burden
tends to be followed by a decrease in lymphocyte percentage, although the relationship was weak.
The low correlation strength shows that the change in lymphocytes is likely also influenced by
other factors, such as clinical severity, patient characteristics, examination method, and
hospitalization status. This study’s contribution lies in providing local evidence from Jayapura
Regional General Hospital during 2024-2025 on the relationship between parasite density and
lymphocyte percentage in hospitalized falciparum malaria patients in the endemic region of
Papua.

Consistent with a different study stating that surveillance analysis in Papua shows malaria
is not evenly distributed, local data remain important for understanding the disease pattern at
each health facility (Fadilah et al., 2022). In Mimika, environmental factors and residential
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conditions have also been reported to relate to malaria risk, reinforcing the importance of reading
data based on the endemic-region context (Lusiyana, 2024). On the clinical side, recurrent malaria
in Papua relates to increased morbidity and the risk of readmission, so laboratory assessment in
malaria patients retains important value in hospital services (Dini et al., 2020). Hematological
studies of malaria patients outside Papua also show that malaria infection can be accompanied by
decreased hemoglobin, platelets, and changes in leukocytes (Agena et al., 2022; Asmerom et al.,
2020). In that position, this study provides a local contribution because it specifically assesses the
relationship between the parasite density of Plasmodium falciparum and lymphocyte percentage
in hospitalized patients at Jayapura Regional General Hospital during 2024-2025. This
contribution still needs to be read proportionally, because the results show a statistically
significant but weak relationship.

Proportionally, this study’s results position the lymphocyte percentage as part of reading
the immune-hematological profile of falciparum malaria patients, but not as a single marker for
assessing infection burden. The significant yet weak correlation shows that the parasite density of
Plasmodium falciparum relates to the change in lymphocyte percentage, with the possible
involvement of other clinical and biological factors. The scope limitation of this study relates to
the use of a retrospective, medical-record-based design, so the analysis was directed at laboratory
variables routinely available in hospital services. Within that scope, this study positions parasite
density and lymphocyte percentage as two parameters that can be read simultaneously in
hospitalized falciparum malaria patients. Subsequent studies can broaden the immune-
hematological reading through absolute lymphocyte count, lymphocyte subpopulation profiles,
inflammatory markers, and patient clinical outcomes. That approach can enrich understanding of
the relationship between parasite burden and immune response in falciparum malaria. This
finding still provides important preliminary local evidence for strengthening the laboratory
interpretation of hospitalized falciparum malaria in Papua.

CONCLUSION

This study shows that hospitalized falciparum malaria at Jayapura Regional General
Hospital had a clear clinical-laboratory pattern. The sample was dominated by the adult age group,
with the male proportion slightly higher than the female. The mean total lymphocyte percentage
was 19.086+10.79%, and its value differed by age and sex. The main analysis found a significant
negative correlation between the parasite density of Plasmodium falciparum and lymphocyte
percentage (r=-0.199; p<0.001). This means that an increase in parasite density tends to be
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followed by a decrease in lymphocyte percentage. The weak correlation strength shows that the
relationship is not singular. This finding needs to be understood as a statistical relationship, not as
evidence of cause and effect. Parasite density likely acts together with other clinical and biological
factors. Scientifically, this study provides preliminary local evidence from the endemic region of
Papua. The lymphocyte percentage can be considered in reading the immune-hematological
profile of hospitalized falciparum malaria patients, while still attending to other clinical and
laboratory parameters.

REFERENCES

Abad, P., Marin-Garcia, P., Heras, M., Fobil, J. N., Hutchful, A. G., Diez, A., Puyet, A., Reyes-
Palomares, A., Azcarate, |. G., & Bautista, J. M. (2022). Microscopic and submicroscopic
infection by Plasmodium falciparum: Immunoglobulin M and A profiles as markers of
intensity and exposure. Frontiers in Cellular and Infection Microbiology, 12.
https://doi.org/10.3389/fcimb.2022.934321

Agena, A. E. M., Gibla, R. O. A. M., Elamin, E., Jibreel, M. M., Musa, A. A. A., Albagi, M. F. A. A., &
Almugadam, B. S. (2022). The effect of malaria parasite infection on hematological
parameters in sudanese patients. Biomedical and Biotechnology Research Journal, 6(4),
528-531. https://doi.org/10.4103/bbrj.bbrj_267 22

Alam, S., Sarwar, A., & Hussain, S. (2021). Tumor Necrosis Factor (TNF) and parasite density in
determining disease severity in falciparum malaria. Medical Forum Monthly, 32(8), 108—
112. https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85118129316&partnerID=40&md5=a368950422db05d7e15e130bf030178c

Alfaki, D. A., Hussein, M., Hassan, M., Eloraish, A. G., & Elbasheir, M. M. (2023). Inflammatory
immune mediators and Plasmodium falciparum infection: a cross-sectional study among
Sudanese patients with severe and uncomplicated malaria. Exploration of Immunology,
3(4), 406-415. https://doi.org/10.37349/ei.2023.00109

Antwi-Baffour, S., Mensah, B. T., Ahiakonu, S. A., Armah, D. N. O., Ali-Mustapha, S., & Annison, L.
(2024). Evaluation of immunophenotypic alterations of peripheral blood lymphocytes and
their sub-sets in uncomplicated P. Falciparum infection. BMC Immunology, 25(1).
https://doi.org/10.1186/512865-024-00638-8

Antwi-Baffour, S., Mensah, B. T., & Annison, L. (2025). Overview of the host immune response to
P. falciparum malaria. Journal of Parasitic Diseases, 49(3), 548-564.
https://doi.org/10.1007/s12639-025-01802-6

4130
IJEVSS, Volume 05 Issue 03, 2026

Copyright at authors some right reserved this work is licensed under a Creative
Commons Attribution-Share Alike 4.0 International License



http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

Iniernanonal Journal ol Educaiion, Vocaiional and Social Science

htips:/ /e-joumal.cifakonsuifindo.or.id/index.php /IJEVSS
E-ISSN : 2063 4954 ll VSS

Ashar, Y. K., Lauchan, A. M., & Safira, P. (2025). RESIDENTIAL ENVIRONMENTAL RISK FACTORS
ASSOCIATED WITH MALARIA INCIDENCE IN PAPUA, INDONESIA. Jurnal Kesehatan
Lingkungan, 17(3), 287-293. https://doi.org/10.20473/jkl.v17i3.2025.287-293

Asmerom, H., Yalew, A., & Getaneh, Z. (2020). Hematological profiles of malaria infected adult
patients in Raya Alamata Hospital, Northeast Ethiopia. Clinical Laboratory, 66(11), 2149—
2158. https://doi.org/10.7754/Clin.Lab.2020.200251

Bohli, J. K., Kwadzokpui, P. K., Ansah, P. B.,, Kwamena, T. E., Allotey, E., Duneeh, R. V, Womzam, A.
S. P., & Ablordey, K. (2026). Age and sex specific biomarker profiling of malaria infection in
Ghana: Implications for demographic-tailored clinical management. Scientific African, 32.
https://doi.org/10.1016/j.sciaf.2026.e03310

Boushab, B. M., Salem, M. S. O. A., Boukhary, A. O. M. S., Parola, P., & Basco, L. (2021). Clinical
features and mortality associated with severe malaria in adults in southern mauritania.
Tropical Medicine and Infectious Disease, 6(1).
https://doi.org/10.3390/tropicalmed6010001

Cuamba, 1., Santano, R., Grau-Pujol, B., Vidal, M., Aguilar, R., Cossa, A., Jairoce, C., Mejia, R.,
Nhabomba, A., Mufioz, J., Moncunill, G., & Dobafio, C. (2026). Helminth coinfections
mitigate clinical, parasitological, and immune outcomes in Mozambican children with
malaria. BMC Medicine, 24(1). https://doi.org/10.1186/s12916-026-04827-7

Dini, S., Douglas, N. M., Poespoprodjo, J. R., & Kenangalem, E. (2020). The risk of morbidity and
mortality following recurrent malaria in Papua, Indonesia: a retrospective cohort study. In
BMC medicine. Springer. https://link.springer.com/article/10.1186/s12916-020-1497-0

Douglas, N. M., Lampah, D. A., Kenangalem, E., Simpson, J. A., Poespoprodjo, J. R., Sugiarto, P.,
Anstey, N. M., & Price, R. N. (2013). Major Burden of Severe Anemia from Non-Falciparum
Malaria Species in Southern Papua: A Hospital-Based Surveillance Study. PLoS Medicine,
10(12), 1-17. https://doi.org/10.1371/journal.pmed.1001575

Elkhalifa, A. M. E., Abdul-Ghani, R., Tamomh, A. G., Eltaher, N. E., Ali, N. Y., Ali, M. M., Bazie, E. A,,
KhirAlla, A., DfaAlla, F. A., & Alhasan, O. A. M. (2021). Hematological indices and
abnormalities among patients with uncomplicated falciparum malaria in Kosti city of the
White Nile state, Sudan: a comparative study. BMC Infectious Diseases, 21(1).
https://doi.org/10.1186/s12879-021-06228-y

Eya, C. P., Oyelaran, D. O., Ogunfolakan, O. O., Ugwueze, C. G., Odewole, R. O., Nwigube, M. E., &
Agu, C. C. (2025). A Cross-Sectional Study on the Comparative Analysis of Diagnostic
Methods and Malaria Distribution in Febrile Patients Attending a Multi-System Hospital in

4131
IJEVSS, Volume 05 Issue 03, 2026

Copyright at authors some right reserved this work is licensed under a Creative
Commons Attribution-Share Alike 4.0 International License



http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

Iniernanonal Journal ol Educaiion, Vocaiional and Social Science

htips:/ /e-joumal.cifakonsuifindo.or.id/index.php /IJEVSS
E-ISSN : 2063 4954 ll VSS

Ado-Ekiti, Ekiti State, Nigeria. Nigerian Health Journal, 25(4), 1304-1310.
https://doi.org/10.71637/tnhj.v25i4.1054

Fadilah, I., Djaafara, B. A, Lestari, K. D., Fajariyani, S. B., Sunandar, E., Makamur, B. G., Wopari, B.,
Mabui, S., Ekawati, L. L., Sagara, R., Lina, R. N., Argana, G., Ginting, D. E., Sumiwi, M. E.,
Laihad, F. J., Mueller, 1., McVernon, J., Baird, J. K., Surendra, H., & Elyazar, I. R. F. (2022).
Quantifying spatial heterogeneity of malaria in the endemic Papua region of Indonesia:
Analysis of epidemiological surveillance data. The Lancet Regional Health - Southeast Asia,
5, 100051. https://doi.org/10.1016/j.lansea.2022.100051

Fauziah, N., Jososudarmo, L. H., Sujatmiko, B., Nugraha, N. F., & Hutagalung, J. (2026). Malaria
Cases in Jayapura District, Mimika District, and Jayapura City, Papua 2023. Kemas, 21(3),
680—695. https://doi.org/10.15294/kemas.v21i3.18045

Hodson, D. Z., Mbarga Etoundi, Y., Mbatou Nghokeng, N., Mohamadou Poulibe, R., Magne Djoko,
S., Goodwin, J., Cheteug Nguesta, G., Nganso, T., Armstrong, J. N., Andrews, J. J., Zhang, E.,
Wade, M., Eboumbou Moukoko, C. E., Boum, Y., & Parikh, S. (2022). Clinical characteristics
of Plasmodium falciparum infection among symptomatic patients presenting to a major
urban military hospital in Cameroon. Malaria Journal, 21(1).
https://doi.org/10.1186/s12936-022-04315-2

liero, S., & Pasaribu, A. (2021). Haematological profile of children with malaria in Sorong, West
Papua, Indonesia. Malaria Journal, 20. https://doi.org/10.1186/s12936-021-03638-w

Konadu, E. A., Obese, A. 0., Danso-Coffie, C. K., Addison, T., Kyei-Baafour, E., Obiri, D., Amoah, L.
E., Kusi, K. A., Gyan, B., & Oduro, D. (2026). Reevaluating malaria severity metrics: insights
from PfHRP2-derived biomass estimates in Ghanaian children. Malaria Journal , 25(1).
https://doi.org/10.1186/s12936-026-05804-4

Kurniawan, R. B., Wardhani, P., Arwati, H., Aryati, A., Butarbutar, T. V, Adiatmaja, C. O., Betaubun,
A. M., & Chamidah, N. (2020). Association of parasite density and hematological
parameters of plasmodium vivax-and plasmodium falciparum-infected patients attending
merauke general hospital, Papua, Indonesia. Open Access Macedonian Journal of Medical
Sciences, 8(B), 825—-831. https://doi.org/10.3889/0amjms.2020.4881

Lusiyana, N. (2024). Prevalence and Risk Factors of Malaria in Iwaka District, Mimika, Papua. Acta
Medica Indonesiana, 56(4), 493-500. https://www.scopus.com/inward/record.uri?eid=2-
$2.0-85217124801&partneriD=40&md5=1a8cdc1c805e609feabdf6f151ca8717

Matambisso, G., Brokhattingen, N., Maculuve, S., Cisterd, P., Mbeve, H., Escoda, A., Miguel, J.,
Buetas, E., de Jong, I., Cuna, B., Melembe, C., Ndimande, N., Porras, G., Chen, H., Tetteh,

4132
IJEVSS, Volume 05 Issue 03, 2026

Copyright at authors some right reserved this work is licensed under a Creative
Commons Attribution-Share Alike 4.0 International License



http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

Iniernanonal Journal ol Educaiion, Vocaiional and Social Science

hiips:/ /e-joumal.cafakensuifindo.or.id/index.php /IJEVSS HE-V‘ S
A

E-ISSN : 2063 4954

K. K. A., Drakeley, C., Gamain, B., Chitnis, C., Chauhan, V., ... Mayor, A. (2022). Gravidity and
malaria trends interact to modify P. falciparum densities and detectability in pregnancy: a
3-year prospective multi-site observational study. BMC Medicine, 20(1).
https://doi.org/10.1186/s12916-022-02597-6

Morang’a, C. M., Drake, R. S., Miao, V. N., Nyakoe, N. K., Amuzu, D. S. Y., Appiah, V., Aniweh, Y.,
Bediako, Y., Bah, S. Y., Shalek, A. K., Awandare, G. A., Otto, T. D., & Amenga-Etego, L. (2024).
scRNA-seq reveals elevated interferon responses and TNF-a signaling via NFkB in
monocytes in children with uncomplicated malaria. Experimental Biology and Medicine,
249. https://doi.org/10.3389/ebm.2024.10233

Ngutu, M., Omia, D. O., Ngage, T. O., Oduor, C. A,, Ouko, N. 0., Oingo, B., Oluoch, I., Kariuki, S.,
Chikovore, J., Onyango-Ouma, W., & Bukachi, S. A. (2025). Gender-related factors affecting
community malaria-related perceptions and practices in Migori County, Kenya. Malaria
Journal , 24(1). https://doi.org/10.1186/s12936-025-05336-3

Nugraha, G., Arianto, M. F., Akbar, H., Flour, E. L., & Etnis, B. R. (2025). Correlation between
Plasmodium parasite density and leukocyte count in malaria patients. Romanian Journal
of Infectious Diseases, 28(1), 51-56. https://doi.org/10.37897/RJID.2025.1.10

Onohuean, H., Onohuean, F. E., & Ayogu, E. E. (2023). Association between hemoglobin variants
and laboratory outcomes in patients infected with P. falciparum from South West Uganda.
Future Science OA, 9(7). https://doi.org/10.2144/fsoa-2022-0067

Saleh, A. G,, Shehab, A. Y., Abdul-Ghani, R., Allam, A. F., Osman, M. M., Ibrahim, H. S., El-Taweel,
H.A., Moneer, E. A,, Hagras, N. A.-E., & Farag, H. F. (2023). Key cytokines and hematological
parameters in patients with uncomplicated falciparum malaria in Hodeidah, Yemen.
Cytokine, 164. https://doi.org/10.1016/j.cyt0.2023.156156

Sharma, I., Kataria, P., & Das, J. (2024). Cerebral malaria pathogenesis: Dissecting the role of CD4+
and CD8+ T-cells as major effectors in disease pathology. International Reviews of
Immunology, 43(5), 309-325. https://doi.org/10.1080/08830185.2024.2336539

Sumbele, I. U. N., Otia, O. V, Francis, L., Bopda, O. S. M., Ebai, C. B., Ning, T. R., Kimbi, H. K. K., &
Nkuo-Akenji, T. (2021). Confounding influences of malnutrition and Plasmodium
falciparum and Schistosoma haematobium infections on haematological parameters in
school children in Muyuka, Cameroon. BMC Infectious Diseases, 21(1).
https://doi.org/10.1186/s12879-021-06201-9

SUTTRISNO, S., & YULIA, N. (2024). Artificial Intelligence In Science Learning In Primary
Schools. International Journal Of Humanities Education And Social Sciences (IJHESS), 3(6),

4133
IJEVSS, Volume 05 Issue 03, 2026

Copyright at authors some right reserved this work is licensed under a Creative
Commons Attribution-Share Alike 4.0 International License



http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

Iniernafnonal Journal ol Education, Vocallonal and Social Science
htips:/ /e-jouamal.cafakensuifindo.or.id/index.php /IJEVSS

E-ISSN : 2063 4954 LI LAANS

2854-2859.

Varo, R., Sitoe, A., Madrid, L., Aide, P., Cuamba, I., Cossa, A., Jairoce, C., Barrios, D., Martiafiez-
Vendrell, X., Balanza, N., Cisterd, P., Ouchi, D., Quinto, L., Crowley, V. M., Gupta, H., Kain,
K. C., Mayor, A., & Bassat, Q. (2025). Host biomarkers and parasite biomass are associated
with severe malaria in Mozambican children: a case—control study. Scientific Reports,
15(1). https://doi.org/10.1038/s41598-025-98154-1

Von Wedel, C., Matthies, L. C., Dierks, C., Tober-Lau, P., Bardtke, L., Lingscheid, T., Nordmann, T.,
Jochum, J., Huebl, L., Tappe, D., Zoller, T., Pechmann, K., Okwu, D. G., Malinga, E. G., Ralser,
M., Sander, L. E., Zoleko-Manego, R., Ramharter, M., Mombo-Ngoma, G., ... Mischlinger, J.
(2025). Comparative Analysis of Initial Full Blood Count Parameters in Adults Infected With
Plasmodium falciparum for Classification of Disease Severity and Previous Exposure Across
Endemic (Gabon) and Nonendemic (Germany) Settings. Open Forum Infectious Diseases,
12(8). https://doi.org/10.1093/ofid/ofaf421

4134
IJEVSS, Volume 05 Issue 03, 2026

Copyright at authors some right reserved this work is licensed under a Creative
Commons Attribution-Share Alike 4.0 International License



http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

