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Abstract 

Background:  Malaria remains a major public health problem in Indonesian Papua, with children under five years 
of age being the most affected group. Haematological changes, such as cytopenia that occur during malaria infec-
tion have been suggested as potential predictors and can aid in the diagnosis of malaria. This study aimed to assess 
the haematological alterations associated with malaria infection in children presenting with signs and symptoms of 
malaria.

Methods:  A retrospective study was performed by collecting data from the medical records of malaria patients at 
Sorong Regional General Hospital, Sorong, West Papua, Indonesia, both from outpatient and inpatient clinics, from 
January 2014 until December 2017. The laboratory profile of children suffering from malaria was evaluated.

Results:  One hundred and eighty-two children aged 1 month to 18 years old were enrolled. The subjects were 
mostly male (112, 61.5%) with a mean age of 6.45 years (SD = 4.3 years). Children below 5 years of age suffered the 
most from malaria in this study (77, 42.3%). One hundred two subjects (56%) were infected with Plasmodium falcipa-
rum. Half of the enrolled subjects (50%) had haemoglobin level (Hb) between 5.1 and 10 gr/dL. A total of 41 children 
(53.2%) less than 5 years old suffered from P. falciparum infection. In the age group of 5–10 years, there were 34 
children (57.6%) who suffered from P. falciparum, and in the age group > 10 years, 27 children (58.7%) suffered from P. 
falciparum infection. Only 4 subjects (5.2%) in the less than 5 years old age group had mixed malaria infection. Among 
eight predictors of the haematological profile, there were five predictors that were significantly associated with the 
diagnostic criteria, namely haemoglobin, haematocrit, leukocytes, platelets and monocytes (p < 0.05). Generally, clini-
cal symptoms are not significantly associated with a malaria diagnosis, and only one variable showed a significant 
relationship, pale, with a P value of 0.001.

Conclusions:  Children with malaria had changes in some haematological markers, with anaemia, low platelet count, 
white blood count, and lymphocyte count being the most important predictors of malaria infection in the study 
area. These markers could be used to raise suspicion of malaria in children living in high endemic areas, such as West 
Papua.
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Background
Malaria is a life-threatening protozoan disease caused by 
parasites that are transmitted to humans through the bite 
of infected female Anopheles mosquitoes [1]. The World 
Health Organization (WHO) estimates that there were 
229  million cases of malaria in worldwide 2019, with 
409,000 deaths, most of which occurred in Africa, fol-
lowed by SouthEast Asia. 67% of all malaria deaths were 
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in children under 5 year of age. Thus, malaria continues 
to be viewed as a highly significant disease of global pub-
lic health importance [2]. There are six major Plasmo-
dium species infecting humans: Plasmodium falciparum, 
Plasmodium vivax, Plasmodium malariae Plasmodium 
ovale curtisi, Plasmodium ovale wallikeri and Plasmo-
dium knowlesi [3]. Plasmodium falciparum and P. vivax 
are the two main causes of human malaria infections. 
Falciparum malaria poses a risk of severe complications 
and contributes to the majority of deaths [4].

In Southeast Asia, Indonesia contributes 9 % of all 
malaria cases and has the second highest burden of dis-
ease after India [5]. The WHO estimated that 27% of the 
257,563,815 people in the Indonesian population lives 
in malaria endemic areas. One of the endemic areas of 
malaria in Indonesia is Papua [6].

West Papua is an Indonesian province located on the 
western tip of Papua Island, which capital city is Manok-
wari. The area of the province is about 99671,63 km2 
covering the bird’s head area of Papua island and the sur-
rounding islands [7]. Geographically, Sorong city (Fig. 1) 
is located at the coordinates 131° 51′ East Longitude and 
0° 54′ South Latitude with an area of ​​1105 km2 with pop-
ulation density about 365 persons per square kilometre 
consisting of 30 districts and 26 sub-districts. The popu-
lation in Sorong city is about 239,815 people in 2017 with 
the number of villages in about 226 villages and 11 com-
munity health centres [8]. As many as 70–75% of Papu-
ans live in rural areas. The combination of geographic 

features, climate conditions and extreme poverty pro-
vides a suitable environment for malaria transmission, 
both biologically and socially [9].

Based on the Ministry of Health of the Republic of 
Indonesia, Annual Parasite Index (API) for West Papua in 
2017 was 15‰ and classified by WHO as hyper-endemic 
area. Specifically API for Sorong city was 1.5‰ and clas-
sified by WHO as meso-endemic area. The number of 
confirmed malaria cases microscopically in 2017 was 
13,690 cases and for the city of Sorong was 127 cases [10].

Haematological alterations that are thought to char-
acterize malaria are related to the overt biochemical 
changes that occur during the asexual stage of the life 
cycle of the malaria parasite [11]. Patients infected with 
malaria tend to have significantly lower platelet, leuko-
cyte, lymphocyte, eosinophil, red blood cell, and hae-
moglobin (Hb) counts, while the number of monocytes 
and neutrophils was significantly higher than that in 
nonmalaria-infected patients [12–15]. Anaemia [16], 
leukopenia [17, 18] and thrombocytopenia [19, 20] are 
commonly seen in P. falciparum infection, probably 
as a result of the higher levels of parasitaemia found in 
these patients [21, 22]. Thrombocytopenia is most com-
monly seen in malaria infection [14, 23, 24]. People with 
platelet counts < 150,000/µL are 12–15 times more likely 
to develop malaria infection than people with a platelet 
count > 150,000/µL [14]. Pancytopenia and bicytopenia 
are common haematological problems encountered in 
clinical practice [12, 13] that have multiple causes, and 

Fig. 1  Location of study area in Sorong, West Papua, Indonesia
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the underlying pathology determines the potential pre-
dictors and can aid in the diagnosis, management and 
prognosis of malaria [25, 26]. It plays a major role in 
fatality [27, 28]. When compared across different malarial 
species, haematological parameters count also vary sig-
nificantly [29, 30].

The prediction of haematologic changes in malaria 
allows clinicians to establish early and effective therapeu-
tic interventions to prevent major complications, espe-
cially in nonendemic countries with declining malaria 
transmission and nonendemic countries [31]. Haema-
tologic parameters can help provide a presumption of 
treatment, especially if the results of parasitological 
examinations are not immediately available or are uncer-
tain to decide malaria treatment [13, 31, 32], and help 
intensively treat the patient and prevent possible death 
occurs as a result of these complications [33].

The gold standard for malaria examination is micro-
scopic slide examination [34]. Knowledge of changes in 
various haematological parameters in children suffer-
ing from malaria can increase the diagnosis of malaria 
by increasing suspicion of malaria and encouraging a 
careful search for parasitaemia using a microscope [25]. 
There has been no research to investigate the effects of 
malaria on the haematological profile of Indonesian Pap-
uan children.

Methods
A retrospective study of data from medical records of 
malaria patients at Sorong Regional General Hospital, 
Sorong, West Papua, Indonesia Outpatient and Inpa-
tient Clinic from January 2014 until December 2017 was 
performed. It included 182 children from 1 month to 18 
years old with signs and symptoms of malaria at Sorong 
Regional General Hospital, Sorong, West Papua, Indone-
sia. Blood samples were collected from children into eth-
ylenediaminetetraacetic acid (EDTA) tubes and used to 
prepare thin and thick blood films, which were then used 
for Giemsa microscopy to detect malaria parasites and 
malaria species. Patients’ haematological predictors were 
determined using an automated haematology analyzer.

Study population
The study involved children aged 1 month to 18 years, 
who were malaria-confirmed by microscopy. Individ-
ual data was obtained from medical records. The study 
included children who were treated as inpatients or out-
patients at Sorong Regional General Hospital, Sorong, 
West Papua, Indonesia from January 2014 until Decem-
ber 2017. The study was approved by the Research Ethics 
Committee of the Medical School of the Universitas of 
Sumatera Utara.

Study design
Inclusion criteria

•	 Children in age group 1 month to 18 years.
•	 Any acute febrile illness lasting for 2–7 days.
•	 Peripheral blood smear or rapid malaria anti-

gen test positive for P. vivax and/or P. falciparum 
malaria.

•	 Complete medical record data.

.

Exclusion criteria

•	 No malaria found from either rapid diagnostic test 
(RDT) or microscopic examination.

.

Diagnosis
Sample collection
Two to three millilitres of venous blood were col-
lected from each participant using a 5 ml sterile dispos-
able syringe and dispensed into an EDTA anticoagulated 
test tube, followed by preparation of the thick and thin 
smears and automated for determination of the complete 
blood count (CBC). The EDTA test tubes containing 
the blood samples were gently inverted approximately 8 
times to ensure the complete mixture of blood cells. The 
blood samples were collected by a trained medical labo-
ratory scientist. Blood counts were performed using Sys-
mex XP 100 Haematology Analyzer.

Peripheral blood smear examination
Peripheral blood smears were prepared using venous 
blood samples. Separate slides were used for thick and 
thin smears. Examination of thin and thick blood films 
were based on WHO 2010 guidelines [35]. Thick and thin 
films of peripheral smear (PS) examination blood slides 
were prepared and stained with Giemsa. Peripheral blood 
smear examination for the type of malaria parasite was 
performed systematically under low power, high power 
and oil immersion using an Olympus CX21 Microscope.

Definitions

•	 Definition of anaemia was based on WHO guide-
lines with different cut off for different agegroup 
and categorized by different severity [36] .

•	 Lymphocytopenia in chidren is defined as a total 
lymphocyte count less than 3.0 × 109/L [37].
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•	 Leukopenia was defined as white blood cells 
(WBCs) < 4 × 103/µl [29].

•	 Monocytosis was defined as an absolute monocyte 
count > 3 × 103/µl [37].

•	 Thrombocytopenia was defined as platelet 
count < 150 × 103/µl [29].

•	 Categorization of malaria into uncomplicated and 
severe forms [38].

•	 Severe malaria (SM) was defined by the presence of 
asexual parasitaemia in addition to at least one or 
more of the following WHO [39, 40]. The criterias 
for severe malaria follows the 2010 WHO guidelines 
[41].

•	 Uncomplicated malaria (UM) was defined as the 
presence of symptoms and/or signs of malaria and a 
positive parasitologic test in the absence of evidence 
of end organ damage [40].

Statistical analysis
The data are presented as the means, percentages, stand-
ard deviations, medians, and ranges. Statistical analysis 
was performed using ANOVA, the Kruskal-Wallis test, 
contingency coefficient correlation, the Mann-Whitney 
U test, and the independent t-test. The data were ana-
lysed using SPSS version 21 statistical software with 
appropriate statistical methods. Differences with P-val-
ues of less than 0.05 were considered significant.

Results
Characteristics and haematological profile of research 
subjects
This study included 182 subjects who met the inclusion 
and exclusion criteria. The subjects were mostly male (112, 
61.5%) with a mean age of 6.45 years (SD = 4.3 years). Chil-
dren < 5 years accounted for the majority of the cases, (77, 
42.3%). A total of 102 subjects (56%) were infected with P. 
falciparum. Some subjects (50%) had a Hb level between 
5.1 and 10 gr/dL. The results of the haematological profile 
examination of the subjects are presented in Table 1 below.

Forty-one subjects who were less than five years old 
suffered from P. falciparum infection (53.2%). Only four 
subjects (5.2%) less than five years old had mixed infec-
tions (Table  2). Table  3 shows the haematological pro-
files based on the age group of the study subjects. Of the 
eight predictors in the haematological profile, there are 
five predictors that were significantly associated with the 
diagnostic criteria, namely haemoglobin, haematocrit, 
leukocytes, platelets and monocytes (p < 0.05) (Tables 4). 
Anemia (p < 0.001) andthrombocytopenia (p = 0.011) 

Table 1  Characteristics and  hematological profile 
of subjects with malaria

Characteristics n = 182

Sex, n (%)

 Male 112 (61.5)

 Female 70 (38.5)

Age, mean (SD), years 6.45 (4.30)

 Age group

  > 10 years 46 (25.3)

  5–10 years 59 (32.4)

  < 5 years 77 (42.3)

Weight, mean (SD), kg 18.95 (11.27)

Type of malaria

 Plasmodium vivax 76 (41.8)

 Plasmodium falciparum 102 (56)

 Mixed malaria 4 (2.2)

Hemoglobin, n (%)

 > 10 gr/dL 77 (42.3)

 5.1–10 gr/dL 91 (50)

 ≤ 5 gr/dL 14 (7.7)

Leukocytes, n (%)

 > 11,000 35 (19.2)

 6000–11,000 73 (40.1)

 < 6000 74 (40.7)

Platelets, n (%)

 > 100.000 126 (69.2)

 ≤ 100.000 56 (30.8)

Anemia, n (%)

 Yes 140 (76.9)

 No 42 (23.1)

Anemia grade, n (%)

 No anemia 42 (23.1)

 Mild 27 (14.8)

 Moderate 68 (37.4)

 Severe 45 (24.7)

Leucopenia, n (%)

 Yes 31 (17)

 No 151 (83)

Monocytosis, n (%)

 Yes 53 (29.1)

 No 129 (70.9)

Lymphocytopenia, n (%)

 Yes 120 (65.9)

 No 62 (34.1)

Thrombocytopenia, n (%)

 Yes 97 (53.3)

 No 85 (46.7)

Hepatomegaly, n (%)

 Yes 41 (22.5)

 No 141 (77.5)

Splenomegaly, n (%)

 Yes 34 (18.7)
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were significantly more common in P. falciparum as 
comparedto P. vivax infection in uncomplicated malaria 
(Table 5).

Discussion
Malaria is a preventable and treatable condition and 
remains the most important parasitic disease globally 
[6]. In 2017, it was still endemic in 80 countries, plac-
ing 3.7  billion people at risk. Considerable progress 
has been made due to aggressive malaria control and 

elimination efforts since 2000, resulting in a global 
reduction of 40% in morbidity and 60% in mortality 
[42]. Many efforts have been made to minimize malaria 
transmission worldwide; however, this infection 
remains high among humans [43]. All species of Plas-
modium have been documented in Indonesia. Plasmo-
dium vivax is the predominant species except in Papua 
where P. falciparum slightly predominates [5, 44, 45].

Plasmodium falciparum is the most prevalent malaria 
parasite in the WHO African region, accounting for 
99.7% of estimated malaria cases in 2017, as well as in 
the WHO regions of South-East Asia Region (62.8%), 
the Eastern Mediterranean (69%) and the Western 
Pacific (71.9%). Plasmodium vivax is the predominant 
parasite in the WHO region of the Americas (74.1%) 
[42]. Plasmodium vivax contributed 4% of the total 
global cases in 2015, but outside Africa the proportion 
was 41% among all malaria infections. Its high burden 
of disease is maintained in part due to dormant liver 
stage parasite forms known as hypnozoites which can 
induce clinical relapse episodes [46].

In the present study, there were more male patients 
infected with malaria than female patients, which is 
similar to the results of a study in South Sorong [47]. 
One hundred two subjects (56%) were infected with P. 

Table 1  (continued)

Characteristics n = 182

 No 148 (81.3)

Table 2  Results of malaria diagnosis by age group

*Contingency coefficient correlation

Age group, n (%) P. vivax P. falciparum Mixed malaria p-value*

< 5 years 32 (41.6) 41 (53.2) 4 (5.2) 0.226

5–10 years 25 (42.4) 34 (57.6) 0 (0)

> 10 years 19 (41.3) 27 (58.7) 0 (0)

Table 3  Hematology profile based on age group

Hematology profile < 5 years 5–10 years > 10 years

Hemoglobin (g/dL), mean (SD) 8.71 (2.92) 9.51 (2.62) 9.73 (2.09)

Hematocrit (%), mean (SD) 27.81 (9.10) 30.38 (8.42) 30.99 (6.99)

Erythrocytes (x 106/µL), median (range) 4.17 (1.33–8.05) 4.27 (1.75–7.11) 4.16 (2.55–5.69)

Leukocytes (x 103/µL), median (range) 8.1 (1.9-29.17) 5.89 (2-20.4) 5.50 (2-17.9)

Platelets (x 103/µL), median (range) 168 (29–718) 154 (13–391) 105 (41–470)

Neutrophil (x 103/µL), median (range) 51.1 (23.2–89.9) 48.7 (26–84,5) 54.15 (25.9–88)

Lymphocytes (x 103/µL), median (range) 38.8 (4.7–77.9) 41.2 (12.3–88.5) 35.7 (9.8–82.4)

Monocytes (x 103/µL), median (range) 7.5 (2-64.3) 7.8 (2.8–27.2) 8.35 (2.9–28.5)

Table 4  Comparison of hematology profiles with different malaria species

a  Kruskal-Wallis, bANOVA

Hematology profile P. vivax P. falciparum Mixed malaria p-value

Hemoglobin (g/dL), median (IQR) 10.25 (8.73–11.48) 8.70 (6.80–11.05) 6.05 (3.25–12.15) 0.018a

Hematocrit (%), median (IQR) 31.31 (8.066) 28.33 (8.27) 22.45 (13.99) 0.016b

Erythrocytes (x 106/µL), median (IQR) 4.34 (3.99–4.76) 3.89 (3.19–4.76) 3.42 (1.81–5.49) 0.059a

Leukocytes (x 103/µL), median (IQR) 7.2 (5.1–10.150) 5.55 (3.953–8.43) 11.4 (6.28–14.95) 0.006a

Platelets (x 103/µL), median (IQR) 189 (106–236.5) 118.5 (817.5–175.75) 186.5 (74.75–226.25) 0.01a

Neutrophil (x 103/µL), median (IQR) 53.15 (39.53–66.70) 49.65 (38.35–67.43) 50.95 (44.00–61.88) 0.942a

Lymphocytes (x 103/µL), median (IQR) 38.35 (27.05–52.00) 40.40 (24.28–50.80) 41.25 (30.45–46.28) 0.910a

Monocytes (x 103/µL), median (IQR) 6.60 (4.55–11.83) 8.60 (6.15–12.65) 7.80 (3.18–9.73) 0.031a
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falciparum. This study also shows that the most com-
mon type of Plasmodium infection in Sorong, West 
Papua, is P. falciparum. This is similar with other prov-
inces in Indonesia and in Manokwari, West Papua, P. 
falciparum is the predominant malaria species [45, 48].

About 42.3% of malaria cases in our study was among 
children < 5 year old. According to WHO data in 2017, 
they are the most vulnerable group affected by malaria. 
They accounted for 61% (266,000) of all malaria deaths 
worldwide [42].

Table 5  Comparison of characteristics with different species of malaria

a   Contingency coefficient correlation
b   Kruskal-Wallis

Characteristics of subjects P. vivax P. falciparum Mixed malaria p-value

Sex, n (%)

 Male 49 (26.9) 60 (33) 3 (1.6) 0.637a

 Female 27 (14.8) 42 (23.1) 1 (0.5)

Age (years), median (range) 6.67 (0.33-14) 6 (0.08–15.67) 1.88 (1.42–3) 0.059b

 Age group, n (%)

  < 5 years 32 (17.6) 41 (22.5) 4 (2.2) 0.226a

  5–10 years 25 (13.7) 34 (18.7) 0 (0.0)

  > 10 years 19 (10.4) 27 (14.8) 0 (0.0)

Weight (kg), mean (SD) 18.71 (11.77) 19.49 (10.99) 9.7 (0.36) 0.069b

Hemoglobin, n (%)

 ≤ 5 g/dL 3 (1.6) 9 (4.9) 2 (1.1) 0.005a

 5.1–10 g/dL 34 (18.7) 56 (30.8) 1 (0.5)

 > 10 g/dL 39 (21.4) 37 (20.3) 1 (0.5)

Leukocytes, n (%)

 < 6000 g/dL 23 (12.6) 50 (27.5) 1 (0.5) 0.065a

 6000–11.000 g/dL 36 (19.8) 36 (19.8) 1 (0.5)

 > 11.000 g/dL 17 (9.3) 16 (8.8) 2 (1.1)

Platelets, n (%)

 ≤ 100.000 g/dL 18 (9.9) 37 (20.3) 1 (0.5) 0.192a

 > 100.000 g/dL 58 (31.9) 65 (35.7) 3 (1.6)

Anemia, n (%)

 Yes 54 (29.7) 83 (45.6) 3 (1.6) 0.270a

 No 22 (12.1) 19 (10.4) 1 (0.5)

Thrombocytopenia, n (%)

 Yes 31 (17) 65 (35.7) 1 (0.5) 0.005a

 No 45 (24.7) 37 (20.3) 3 (1.6)

Grading anemia, n (%)

 No anemia 22 (12.1) 19 (10.4) 1 (0.5) 0.256a

 Mild 12 (6.6) 15 (8.2) 0 (0)

 Moderate 30 (16.5) 37 (20.3) 1 (0.5)

 Severe 12 (6.6) 31 (17.0) 2 (1.1)

Severe malaria, n (%)

 Yes 9 (4.9) 13 (7.1) 2 (1.1) 0.087a

 No 67 (36.8) 89 (48.9) 2 (1.1)

Hepatomegaly, n (%)

 Yes 9 (4.9) 31 (17.0) 1 (0.5) 0.021a

 No 67 (36.8) 71 (39.0) 3 (1.6)

Splenomegaly, n (%)

 Yes 7 (3.8) 26 (14.3) 1 (0.5) 0.014a

 No 69 (37.9) 76 (41.8) 3 (1.6)
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Cytopenia is a disorder in which the production of one 
or more blood cell types ceases or is greatly reduced. The 
types of cytopenia are anaemia, which is a reduction in 
red blood cells (RBCs); leukopenia, which is a reduc-
tion in WBCs; neutropenia (neutrophils make up over 
half of all WBCs), which is a deficiency in neutrophils; 
and thrombocytopenia, which is deficiency in platelets. 
Bicytopenia is defined as a condition in which two out of 
three cell lines (RBCs, WBCs, and platelets) are reduced. 
The simultaneous reduction in all three formed cell lines 
is termed pancytopenia [49]. These kinds of cytopenias 
are not uncommon in malaria; bone marrow diagnosis of 
adults with bicytopenia and pancytopenia has shown that 
3% of bicytopenia and 6% of pancytopenia were caused 
by malaria [50, 51].

Anaemia is also a common manifestation, particularly 
in infants with P. vivax and in children with P. knowlesi 
infection [52–54]. Anaemia is one of the most common 
complications in malaria infection, especially in younger 
children and pregnant women in high transmission areas 
[55, 56].

The pathogenesis of anaemia during malaria infection 
is not clearly understood. However, it is estimated that 
the main targets of parasites are RBCs, which results 
in damage to RBCs, acceleration of parasite growth 
and nonparasitic removal [57], bone marrow dysfunc-
tion [58], and the level of parasitaemia [59]. Anaemia in 
malaria, however, is associated with a combination of 
haemolysis of parasitized RBCs, accelerated removal of 
both parasitized and unparasitized RBCs, depressed and 
ineffective erythropoiesis due to tumor necrosis factor 
alpha, anaemia of chronic disease, and splenic phagocy-
tosis or pooling [60–62].

This study showed that haematological abnormalities in 
children with malaria infection are common. Some sub-
jects (50%) had a Hb level between 5.1 and 10 gr/dL. The 
prevalence of anaemia in This study was 77.4%; 14.8% of 
subjects had mild anaemia, 35.7% had moderate anae-
mia, and 26.9% had severe anaemia. The rate of anaemia 
in children < 5 years old was higher than that in children 
5–10 years old and > 10 years old, with a mean Hb of 8.71 
gr/dL. Data from household surveys conducted in 25 
high-burden African countries between 2015 and 2019 
show that, among children < 5 years who tested positive 
for malaria, the prevalence of moderate to severe anae-
mia was between 9–76.3% [2]. A laboratory trial study 
of 30 patients in Iran observed significantly lower values 
of Hb/dL, haematocrit (Ht)%, mean corpuscular volume 
(MCV)/ fl. and mean corpuscular haemoglobin (MCH)/ 
µl, WBC/ µl, and platelet/ µl among malaria-infected 
children compared to healthy children [13, 15, 63, 64]. 
Our findings were consistent with these previous reports.

There are various hypotheses about thrombocytope-
nia that occurs in malaria infections. Thrombocytopenia 
seems to occur through peripheral damage [65], excessive 
removal of platelets by spleen pooling [66, 67] and plate-
let consumption by the process of disseminated intravas-
cular coagulopathy (DIC) [68]. Sufficient or increased 
numbers of megakaryocytes in the bone marrow affect 
the decrease in thrombopoiesis, which is a possible 
cause of thrombocytopenia in malaria [66]. The destruc-
tion of circulating platelets mediated by immunity has 
been postulated as the cause of thrombocytopenia seen 
in malaria infections. Platelets have also been shown to 
mediate clumping of erythrocytes infected with P. falci-
parum [69]. This can cause apparent thrombocytopenia. 
Patients infected with malaria experience increased lev-
els of specific immunoglobulin G (IgG) in the blood that 
binds to malaria antigens bound to platelets, which may 
lead to acceleration of platelet destruction [23]. Previ-
ous studies revealed that platelet aggregation, which is 
the clumping of platelets, was incorrectly calculated as 
a single platelet by the analyzer, causing pseudothrom-
bocytopenia [13]. In addition, during malaria infection, 
endothelial activation is activated and can contribute to 
the loss of endothelium barrier function and organ dys-
function. This process can use released platelets and pro-
teins as important regulators of endothelial permeability, 
resulting in thrombocytopenia [70]. However, thrombo-
cytopenia in malaria infection has also been associated 
with sequestration and pooling of platelets in the spleen, 
immune-mediated destruction of circulating platelets, 
and platelets mediating the clumping of P. falciparum-
infected erythrocytes, leading to pseudothrombocytope-
nia [13, 63, 69].

Thrombocytopenia was seen in 97 children (53.3%) and 
was highly significant in the age group > 10 years, with a 
median 105 × 103/µL in this study.

It is found mostly in P. falciparum infection, as many 
as 65 (35.7%). Thrombocytopenia was observed in 
malaria-infected children in this study, which is consist-
ent with earlier reports [13, 63]. There were both quali-
tative and quantitative changes in platelet abnormalities 
in malaria. Platelet counts were significantly reduced in 
children infected with malaria. A study conducted in 
Thailand–Myanmar border showed that thrombocytope-
nia occured. This observation may imply that thrombo-
cytopenia can be a marker of Plasmodium infection [13, 
71–73].

In the present study overall, when compared between 
malaria species in uncomplicated cases, Hb and plate-
let value in the P. falciparum infection was lower than 
P. vivax infection as well as the platelet value (Table  6) 
with p value 0.001. These figures were in good agree-
ment with studies done by Latif et al. showing P. 
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falciparum-associated anaemia and thrombocytopenia 
compared to P. vivax infection, (8.1 ± 2.2 vs. 11 ± 3.2  g/
dL and 60.338 ± 50.6 × 103/µL vs. 77.907 ± 78.4 × 103/µL, 
respectively) [21]. A study by Hyder et al. also found the 
same thing with the following results 10.1921 ± 0.33157 g/
dL vs. 11.3306 ± 0.29730 g/dL and 88.0239 ± 1.17476/µL 
x 103/µL vs. 98.1763 ± 0.99502 × 103/µL [30].

On the contrary, studies, such as Goyal et al. [74], Nad-
wani et al. [75], Sajjanar et al. [76], George and Alexander 
[77], Rodriguez-Monrale et al. [78] have shown P. vivax-
associated anaemia and thrombocytopenia. Ullah et  al. 
showed something different where P. falciparum-associ-
ated anaemia (9.9 ± 4.48 g/dL vs. 10.7 ± 2.36 g/dL) and P. 
vivax-associated thrombocytopenia (135.8 ± 89.4 × 103/
µL vs. 222 ± 118.7 × 103/µL) [29].

In the recent years, there have been reported many 
severe vivax malaria cases [75, 76, 79]. The current 
dogma has been that P. falciparum can be severe and 
life-threatening, whereas P. vivax tends to be mild [80]. 
However, there is currently growing evidence that P. 
vivax can cause significant morbidity and even mortality 
in endemic areas [81]. Malaria severity is a function of 
parasite virulence, degree of parasitaemia, sequestration 
and host immune competence which in turn depends 
on factors, namely. age, regional transmission intensity, 
nutritional status and genetic susceptibility [82–86]. 
Another hypothesis of Price et  al. that an increase in 

the P. vivax parasite resistant to chloroquine in recent 
years is one of the main triggers of the new severe vivax 
malaria [82]. All these variables make the risk and spec-
trum of malaria complications different around the 
world [83–85].

Price et al. found that P. vivax infection associated with 
severe and fatal malaria particularly in young children in 
Timika, Papua [82]. Otherwise, severe malaria was found 
more in falciparum malaria cases (7.1%) than in vivax 
malaria (4.9%) and mixed malaria (1.1%). This study still 
has shortcomings where there are no data on the number 
of parasites and chloroquine resistance.

This study has shown, however, that there was no 
significant difference in total white blood cell count 
in malaria-infected children. Leukopenia was seen 
in only 17% of children. A study by Maina et  al. also 
showed that there was no significant difference in the 
total white blood cell count in malaria-infected chil-
dren compared to control subjects [13]. The differ-
ence in values can be related to environmental factors, 
socioeconomic status, or malaria immunity, among 
other factors [14, 57, 86]. Different views have been 
expressed on the total WBCs in subjects infected with 
malaria because leukopenia has been reported by sev-
eral authors [14, 63, 73], and leukocytosis has also been 
documented by other authors [13, 15, 65].

Table 6  Comparison of hematological profile between different malaria species

*Kruskal-Wallis

Hematology 
profile

Uncomplicated Malaria p-value* Complicated Malaria p-value*

P. vivax P. falciparum Mixed malaria P. vivax P. falciparum Mixed malaria

Hemoglobin 
(g/dL), 
median (IQR)

10.30 (8.80–
11.40)

8.90 (6.85–11.15) 3.30 (3.20) 0.001 8.70 (4.15–12.10) 8.20 (6.20–9.95) 11.0 (8.70) 0.340

Hematocrit (%), 
median (IQR)

32.0 (28.0–38.0) 28.40 (22.05–
35.0)

11.30 (11.0) 0.001 25.0 (12.55–
33.90)

26.50 (21.80–
33.20)

33.60 (26.90) 0.322

Erythrocytes 
(x 106/µL), 
median (IQR)

4.38 (4.06–4.77) 3.89 (3.18–4.74) 1.88 (1.75) 0.001 3.77 (1.87–4.51) 3.90 (3.14–4.89) 5.27 (4.84) 0.124

Leukocytes 
(x 103/µL), 
median (IQR)

7.30 (4.90–10.20) 5.50 (4.05–8.15) 11.40 (8.0) 0.007 7.10 (5.95–11.0) 6.70 (3.30–16.95) 10.35 (5.70) 0.904

Platelets (x 103/
µL), median 
(IQR)

189.0 (106.0–
233.0)

120.0 (89.50–
175.50)

204.0 (173.0) 0.011 218.0 (78.0–
354.0)

109.0 (68.50–
197.0)

121.0 (42.0) 0.352

Neutrophil 
(x 103/µL), 
median (IQR)

51.60 (39.60–
64.90)

50.40 (38.70–
67.25)

44.80 (43.20) 0.810 58.90 (34.60–
68.50)

48.90 (28.80–
69.70)

59.75 (55.50) 0.555

Lymphocytes 
(x 103/µL), 
median (IQR)

38.70 (28.70–
52.0)

40.50 (24.40–
48.95)

45.70 (44.70) 0.568 34.10 (25.65–
52.10)

37.80 (23.15–
67.80)

32.90 (28.0) 0.785

Monocytes 
(x 103/µL), 
median (IQR)

6.60 (4.50–12.30) 8.50 (6.25–11.90) 9.45 (8.90) 0.092 7.20 (4.90–8.20) 11.60 (5.25–
20.60)

4.35 (2.0) 0.108
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Leukocyte value in P. falciparum (5.55 × 103/µL) was 
lower than in P. vivax infection (7.2 × 103/µL). Simi-
lar outcome was also reported in a study conducted 
by Latif et  al. showing leukocyte ​​in P. falciparum 
(8,906 ± 1.06 × 103/µL) compared to P. vivax infection 
(11,868 ± 2.34 × 103/µL) was lower [21]. This was in 
contrast to the findings reported by Ullah et al.., which 
showed that leukocyte ​​in P. vivax (8.7 ± 4.5 × 103/
µL) was lower than in P. falciparum infection 
(10.4 ± 11.4 × 103/µL) [29].

This study showed lymphocytopenia in 97 children 
(53.3%). The study has further revealed that there were 
no statistically significant differences in granulocyte 
and lymphocyte counts between malaria-infected and 
noninfected children, and these findings are in agree-
ment with many earlier reports [13–15, 57, 72, 86–88] 
but disagree with the findings of George and Ewelike-
Ezeani [63]. In some cases of acute malaria, however, 
lymphocytopenia has been reported, but this has been 
associated with redistribution of lymphocytes with 
sequestration in the spleen [89, 90].

Generally, clinical symptoms are not significantly 
associated with a malaria diagnosis, and only one vari-
able shows a significant relationship, pale, with a p 
value of 0.001 (Table 7). The first symptoms of malaria 
are nonspecific and characterized by headache, fatigue, 
abdominal discomfort, and muscle and joint aches, fol-
lowed by fever, chills, perspiration, anorexia, vomiting 
and worsening malaise. These features often lead to 
overdiagnosis of malaria in developing countries, where 
diagnosis is frequently based only on clinical judgment 
with limited resources for parasitological testing [91].

Conversely, in children, these manifestations of 
uncomplicated malaria can be misinterpreted and 
attributed to other prevalent infections, such as 
pneumonia, gastroenteritis, and sepsis[92]. In high 

transmission areas, high and repeated exposure to par-
asites has an impact on the acquisition of immunity, 
resulting in a high proportion of asymptomatic infec-
tions, particularly in older children and adults [93].

There are several limitations in this study. First, this 
was a retrospective study. Some data of the haemato-
logical and microscopic results retrieved from medical 
records were not provided. Second, there was no control 
group in this study, therefore association between hae-
matological markers in malaria and non-malaria infected 
groups could not be stated.

Conclusions
Children infected with malaria revealed changes in some 
haematological markers, with anaemia, low platelet 
counts, white blood counts, and lymphocyte counts being 
the most important predictors of malaria infection in our 
study area. Children living in malaria high endemic areas 
such as West Papua who appear with acute febrile illness 
and either thrombocytopenia alone or in combination 
with anaemia should be suspected for malaria, therefore, 
RDT or microscopic examination must be performed. 
These haematological markers could raise the suspicion 
of malaria in this area.
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Table 7  Comparison of malaria symptoms and species of parasites

*Contingency coefficient correlation

Symptoms P. vivax P. falciparum Mixed malaria p-value*

Fever, n (%) 75 (98.7) 102 (100.0) 4 (100.0) 0.469

Anorexia, n (%) 51 (67.1) 73 (71.6) 3 (75.0) 0.793

Asthenia, n (%) 48 (63.2) 72 (70.6) 3 (75.0) 0.549

Myalgia/ arthralgia, n (%) 47 (61.8) 72 (70.6) 3 (75) 0.444

Nausea, n (%) 50 (65.8) 60 (58.8) 1 (25.0) 0.211

Pale, n (%) 24 (31.6) 59 (57.8) 3 (75.0) 0.001

Abdominal pain, n (%) 25 (32.9) 42 (41.2) 1 (25) 0.462

Headache, n (%) 28 (36.8) 39 (38.2) 0 (0.0) 0.298

Chills, n (%) 15 (19.7) 20 (19.6) 0 (0.0) 0.614

Sweating, n (%) 8 (10.5) 11 (10.8) 0 (0.0) 0.787

Jaundice, n (%) 0 (0.0) 1 (1.0) 0 (0.0) 0.674
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