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A B S T R A C T

Our study evaluated red blood cell count as supporting hematological index to hematocrit level in predicting
severe malarial anemia instead of the hemoglobin levels among malaria-infected children in Ghana. This case-
control study was conducted at the Komfo Anokye Teaching Hospital (KATH) in Kumasi, Ghana. The study
recruited 139 children, of which 45 were Controls (C), 43 with severe malaria (SM), and 51 with mild malaria
(MM). Validated questionnaires were administered to obtain the socio-demographic data from each respondent.
Venous blood was obtained for parasitemia count and to determine the hematological profile of each participant.
With point of observation, data analysis was done. The mean age of the children was 4.22 � 2.65 years. Median
levels of hemoglobin (Hb) decreased in the order; C > MM > SM (P < 0.0001). There was a reduction in median
levels of hematocrit (HCT) (P < 0.0001), RBC (red blood cells count) (<0.0001), from the MM to the SM. Among
patients with severe malaria, there were a positive significant spearmen's co-efficient correlations between me-
dian levels of RBC (r ¼ 0.652, P ¼ 0.005) and HB (r ¼ 0.640, P ¼ 0.006) individually against HCT. However
among the mild malaria patients only RBC (r ¼ 0.884, P < 0.001) was positively correlated against HCT. At a cut-
off of <4.0�106/uL for RBC and <8.8 g/dL for Hb, RBC (90.4%) recorded a slightly high accuracy in predicting
severe falciparum malarial anemia than Hb (86.9%) among the cases. Red blood cell count may be a promising
indicator to support hematocrit (<15%) in defining severe malarial anemia than hemoglobin level (<5 g/dL)
among malaria-infected children from endemic areas in Ghana.

1. Introduction

Malaria is one of the most common infectious diseases in the world
and one of the greatest global public health problems [1], mostly among
children under 5 years [2]. About 90% of the world's severe and fatal
malaria is projected to affect young children in sub-Saharan Africa [3], as
major complications of severe falciparum malaria (SFM) develop rapidly
and progress to death within hours or days [4]. Exposure of the signs of
severe malaria and acting accordingly play significant roles in abating the
increasing mortality rate. However, because these signs lack specificity,
as there is no ‘‘gold standard’’ methodology to identify individuals with
‘‘true’’ severe malaria other than mostly severe anemia with higher
microscopic parasitemia observed among patients [5]. The WHO clas-
sifies SFM as P. falciparum asexual parasitemia and no other confirmed

cause for their symptoms or signs and with the presence of one or more of
the clinical features (Cerebral malaria, pulmonary edema, acute renal
failure, severe anemia, metabolic acidosis, multiple convulsions, pros-
tration, jaundice, significant bleeding, hypoglycemia, and shock) [4].

Studies have shown that hematological changes such as low red blood
cell count, hemoglobin (Hb) level, and hematocrit are amongst the most
common complications of malaria and are involved in the pathology of
the disease [6,7]. From the WHO (2014) report, anemia associated with
SFM among children under 12 years is defined as Hb < 5 g/dl or he-
matocrit <15%. Confirmation of severe malarial anemia using these
parameters is not substantial as the estimation of Hb levels, is accom-
panied by numerous setbacks including variables due to differing malaria
endemicity, background hemoglobinopathy, nutritional status, de-
mographic factors, and malaria immunity especially in the tropics [8,9].

* Corresponding author.
E-mail address: bbahaah@gmail.com (B. Bahaah).

Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon

https://doi.org/10.1016/j.heliyon.2020.e04605
Received 19 May 2020; Received in revised form 10 July 2020; Accepted 28 July 2020
2405-8440/© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Heliyon 6 (2020) e04605

mailto:bbahaah@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2020.e04605&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2020.e04605
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2020.e04605


Medians were calculated for continuous variables such as the hemato-
logical parameters and Kruskal-Wallis used to compare more than two
median levels of variables of continuous variables and was presented in
the violin plot (R statistical software). While percentages were calculated
for categorical variables data and presentation of socio-demographics
and prevalence of anemia were done by using tables and bar graphs
respectively. Unpaired t-test was used to compare two means of contin-
uous variables such as the age of participants. Receiver operating char-
acteristics (ROC) curve analyses were used for depicting the diagnostic
performance of red blood cell count and hemoglobin for hematocrit as an
indicator of severe malarial anemia. A p-value < 0.05 was considered
statistically significant.

3. Results

The mean age (�SD) of all the children was 4.22 (�2.65) years. The
mean age of those with mild and severe malaria was 4.32 (�2.81)years
and 4.27 (�2.96)years respectively. A higher proportion of the study
participants (67.5%) were within the age of 0–5 years. Alaxin and Lonart
were the widely used anti-malarial drugs among non-severe patients,
while Artemether was the predominant medication among severe ma-
laria patients (58.3%) (Table 1).

Median levels of HCT decreased significantly in the order; control >
mild malaria > severe malaria. There were statistically significant dif-
ferences in the Median levels of Red blood cell (RBC), Hemoglobin (Hb),

Table 1. Socio-demographic characteristics of study participants.

Variables Control
(n ¼ 45)

Mild malaria (n ¼ 51) Severe malaria (n ¼ 43) P-value

Age (years) (mean ± SD) 3.80 � 1.66 4.32 � 2.81 4.27 � 2.96 0.309

The age range of the wards (years)

0–5 30 (32.3%) 35 (37.6%) 28 (30.1%) 0.9363

6–10 15 (34.1%) 14 (%31.8%) 15 (34.1%) 0.7109

11–12 - 2 (100.0%) - NA

Gender

Male 24 (36.4%) 24 (36.4%) 18 (27.2%) 0.5581

Female 21 (28.8%) 27 (37.0%) 25 (34.2%) 0.5581

Medication

Alaxin - 13 (100.0%) - NA

Artesunate - 3 (60.0%) 2 (40.0%) 0.7910

Artemether - 5 (41.7%) 7 (58.3%) 0.3487

Artesunate Amodiaquine - 24 (63.2%) 14 (36.8%) 0.1535

Lonart - 2 (100.0%) - NA

P-value<0.05 ¼ statistically significant, SD ¼ Standard Deviation, NA ¼ Not Applicable.

Figure 1. Comparison of hematological parameters between controls, mild and severe malaria. C¼Controls, MM ¼ Mild Malaria cases, SM ¼ Severe Malaria cases,
Significant differences in median levels; * ¼ P < 0.05, ** ¼ P < 0.01, *** ¼ P < 0.001.
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Mean corpuscular hemoglobin concentration (MCHC), and Platelet count
(PLT) across the various study groups. Median levels of Mean corpuscular
hemoglobin (MCH) was higher among the controls than the mild and
severe malaria cases. Also, median White blood cell count (WBC)
increased significantly in the order; control < mild malaria < severe
malaria. There was no significant difference for Mean corpuscular vol-
ume (MCV) (Figure 1).

For patients with mild malaria, 30 out of 51 were anemic, while all
the patients with severe malaria were anemic. There were significant
differences in the prevalence of anemia between the controls and cases
(Figure 2).

Among patients with severe malaria, there were a positive significant
spearmen's co-efficient correlations between median levels of RBC (r ¼
0.652, P ¼ 0.005) and HB (r ¼ 0.640, P ¼ 0.006) individually against
HCT. However among the mild malaria patients only RBC (r¼ 0.884, P<

0.001) was positively correlated against HCT. There was a positive cor-
relation between age and MCV, MCH and MCHC among the severe ma-
laria cases while age was positively correlated with MCH only in the mild
malaria cases (Table 2).

Using a cut-off of <4.0�106/uL, RBC had a sensitivity of 100.0% and
specificity of 83.17%, with negative predictive value (NPV) of 100.0%
and positive predictive value (PPV) 79.63%. A Hb cut-off of <8.8 g/dL,
however, yielded a sensitivity, specificity, PPV and NPV of 90.70%,
90.24%, 90.70%, and 90.24% respectively differentiate mild and severe
malaria with a marginally lower agreement (kappa) compared to the RBC
cut-off of 4.0�106/uL. Conversely, using the receiver operating charac-
teristics (ROC) curve analyses, the area under the curve (AUC) for RBC
(93.42%) was higher than that for Hb (92.75%) (Table 3 and Figure 3).

Figure 2. Prevalence of anemia among the study population. Significant dif-
ferences in proportions; ** ¼ P < 0.01, *** ¼ P < 0.001.

Table 2. Correlation between age, hematological parameters in mild and severe malaria cases.

Parameters Age Hb RBC HCT MCV MCH MCHC PLT

Age r 0.134 -0.290 0.015 0.527 0.524 0.450 0.282

p-value 0.392 0.059 0.923 <0.001 <0.001 0.002 0.106

Hb r 0.012 0.628 0.640 -0.067 0.134 0.360 0.573

p-value 0.932 0.007 0.006 0.797 0.609 0.156 0.041

RBC r -0.228 0.107 0.652 -0.717 -0.607 -0.403 0.194

p-value 0.152 0.966 0.005 0.001 0.010 0.109 0.525

HCT r -0.158 0.222 0.884 -0.191 -0.194 -0.165 0.014

p-value 0.325 0.163 <0.001 0.463 0.457 0.528 0.964

MCV r 0.172 0.404 -0.203 0.266 0.909 0.639 -0.140

p-value 0.281 0.009 0.203 0.092 <0.001 0.006 0.649

MCH r 0.318 0.581 -0.764 -0.493 0.525 0.890 0.115

p-value 0.043 <0.001 <0.001 <0.001 <0.001 <0.001 0.709

MCHC r 0.238 0.413 0.731 -0.737 -0.088 0.788 0.436

p-value 0.134 0.007 <0.001 <0.001 0.586 <0.001 0.136

PLT r 0.077 0.217 -0.043 -0.307 -0.351 0.303 0.775

p-value 0.651 0.197 0.807 0.077 0.042 0.081 <0.001

P-value<0.05 ¼ statistically significant, r ¼ Pearson co-efficient, Italic ¼ Severe cases, Non-italic ¼ Mild cases, Hb ¼ Hemoglobin, RBC ¼ Red blood cell count, HCT ¼
Hematocrit, MCV ¼ Mean corpuscular volume, MCH ¼ Mean cell hemoglobin, MCHC ¼ Mean corpuscular hemoglobin concentration, PLT ¼ Platelet count, WBC ¼
White blood cell count.
i) The italic style defines the medians of the severe cases variables. ii) The bold style of P-values of some variables depicts the rective medians been statistically sig-
nificant (ie. when the p-value is less tham 0.05).

Table 3. Diagnostic yield of the combined performance of hemoglobin level and
parasite count, and the combined performance of red blood cell count and
parasite count as possible indicators to differentiate mild and severe malaria
cases.

Hb (g/dL) RBC(�106/uL) Hb*(g/dL)

Cut-off point 8.8 4 5

Sensitivity % 90.7 100 13.95

(95%CI) (77.69–96.77) (89.97–100.0) (6.28–27.77)

Specificity % 90.24 83.17 100.0

(95%CI) (76.73–96.60) (67.87–94.35) (89.73–100.0)

PPV% 90.70 79.63 100.0

NPV% 90.24 100.0 52.55

LRþ 9.3 3.7 -

LR- 0.1 0 0.9

TP 39 43 6

TN 34 30 41

FP 4 11 0

FN 4 0 37

Accuracy % 86.9 90.4 55.95

AUC % 92.75** 93.42** -

Kappa value 0.701** 0.766** 0.101

** ¼ P-value<0.01 ¼ statistically significant, PPV ¼ Positive Predictive Value,
NPV¼ Negative Predictive Value, CI-Confidence Interval, LR¼ Likelihood Ratio,
TP ¼ True Positives, TN- True Negatives, FP ¼ False Positives. FN ¼ False
Negatives.
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4. Discussion

This present study demonstrates a degree of variation in hematolog-
ical parameters in response to malaria infection. There was a marked
decrease in Hb, RBC, HCT, and PLT measurements among patients pre-
senting with severe malaria than mild malaria [19]. This may be
explained by the prompt pathophysiology of malaria following the
erythrocytic cycle highlights the diagnostic value of hematological al-
terations in malaria-endemic areas [20]. The characteristic pattern of
percentage parasitized RBC (hyper parasitemia), with consequent ane-
mia and other hematological variations were observed in this study. A
study conducted in Kenya by Maina et al. revealed similar variations in
the hematological measures and is therefore in harmony with the find-
ings in the current study [6].

In this study, the majority of the study participants were within 0–5
years of age (Table 1). This observation agrees with several reports that
malaria usually affects children below 5 years, especially in areas of
intense transmission like Kumasi where the study was conducted [21].
Underdeveloped immunity has been the major explanation for this
experience [6].

This study also shows that anemia is associated with the severity of
malaria infection.Median levels of hematocrit (HCT)decreasedsignificantly
in theorder; control>mildmalaria> severemalaria.Therewasa significant
reduction in median levels of Hb RBC, MCHC, and PLT in the order: mild
malaria> severemalaria (Figure 1). A similar trend of these results was also
found in a study by Maina et al. in western Kenya. They concluded that
infection with P. falciparum results in significant changes in hematological
parameters of children living in malaria-endemic regions, and the most
commonly affected parameters are hematocrit, hemoglobin, absolute
monocyte counts and RBCs [6]. Hematocrit levels decrease as RBC, Hb, and
PLT decrease [22], and the overall effects were observed in this study. Also
consistent with our study findings is a review by Perkins et al. [23].

Although reduced RBC and PLT have been associated with malaria
prevalence has been established [8], it has not been acknowledged in
most health care settings as part of the significant diagnostic markers to
determine the extent and severity of the condition, partly they are not
routinely obtained at malaria clinics [6].

Among patients with severe malaria, there were positive significant
spearmen's co-efficient correlations between RBC (r ¼ 0.652, P ¼ 0.005)
and HB (r ¼ 0.640, P ¼ 0.006) individually against HCT in this study.
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Figure 3. Receiver operating characteristics (ROC) curve analyses for depicting the overall combined diagnostic performance of hemoglobin level and parasite count,
and red blood cell and parasite count in differentiating mild and severe malaria cases.
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