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ABSTRACT

Introduction: Malaria is the most common and widely prevalent life-threatening infectious disease in tropical and
subtropical regions where it causes high rates of morbidity and mortality. Despite the successful elimination of malar-
ia transmission in most of Saudi Arabia, the Jazan region is still considered to be a malaria-endemic area. Therefore,
this study aimed at investigating the clinical profile of severe Plasmodium falciparum and P. vivax malaria in Jazan
region, southwestern Saudi Arabia. Methods: A total of 25 febrile patients who presented at Sabya General Hospital
and were suspected of having severe malaria were included in this study. Blood samples were collected and exam-
ined for malaria by rapid diagnostic test and by Giemsa-stained thin and thick blood films. Clinical and laboratory
analyses to identify severe malaria complications were performed at the hospital. Results: In all, 76% (19/25) of the
participants were infected with P, falciparum and 24% (6/25) had P. vivax. The most common complications in both
groups were prostration (48%) followed by jaundice (44%) and liver dysfunction (36%). The prevalence of severe
anaemia was significantly higher (P = 0.031) among P. vivax-infected patients (50%) compared with P. falciparum-in-
fected patient (5.3%). In falciparum-infected patients, those with severe parasitaemia had a higher risk of develop-
ing prostration compared with those with low-to-moderate parasitaemia (P = 0.038). Conclusion: Most cases were
caused by P. falciparum which required proper monitoring and treatment. However, those with P. vivax exhibited

severe symptoms similar to those with P. falciparum.

Keywords: Severe malaria, Plasmodium falciparum, P. vivax, Jazan, Saudi Arabia

Corresponding Author:
Majid A Darraj, PhD
Email: darraj@ymail.com
Tel: +966505187199

INTRODUCTION

Malaria is one of the most common tropical infectious
diseases worldwide, and it is particularly prevalent in
the tropics and subtropics, with approximately 228
million cases of malaria occurring annually worldwide
and 405,000 malaria-related deaths in 2018 (1,2). Saudi
Arabia is in the malaria elimination phase and malaria
is now mostly restricted to the southwestern parts of the
country, particularly in the Aseer and Jazan regions (3).
In these regions, malaria is mostly imported, with the
majority of the indigenous malaria cases originating
from Yemen, a high-transmission country that shares
a border with the Jazan region (4, 5). Despite earlier
successes in reducing case incidence in Saudi Arabia, it
continues to remain high in Jazan region (4).

Malaria is separated for convenience into two main
disease presentations: uncomplicated malaria and
severe malaria. Plasmodium falciparum is responsible
for the most severe malaria cases while P, vivax usually

produces milder disease symptoms. However, the
effects of P vivax can still be severe, and recurrent
episodes bring about significant increased risk of
associated morbidity (6, 7). The clinical symptoms of
uncomplicated malaria are usually nonspecific and
include headache, exhaustion, fatigue, abdominal
discomfort and body aches, which are usually followed
by the classical signs of the disease, i.e., fever, chills,
sweating, anorexia, vomiting and worsening malaise
(8). If diagnosis and treatment are delayed, especially for
falciparum malaria, the patient may develop potentially
life-threatening severe malaria within a few hours to a
few days (9). Severe malaria typically presents with one
or more of the following complications: cerebral malaria
(coma), hypoglycaemia, metabolic acidosis, acute
kidney failure, severe anaemia, or acute lung injury that
can develop into acute respiratory distress syndrome
in about 25% of cases (8, 10). If left untreated, severe
malaria is mostly fatal. For example, the case fatality
rate of treated cerebral malaria is usually 10-20% and
can be as high as 50% in pregnant women (11).

The clinical pattern of severe and complicated malaria
varies in different parts of the world (12-14). However,
compared to African countries, there is a great scarcity of
inform ation about the clinical profile of severe malaria
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in Saudi Arabia, a country that has a different culture,
economy and topography. Among the literature that
does exist, a retrospective study that was conducted in
Jazan region among 246 patients with severe falciparum
malaria during 1995 to 1997 showed that the majority
of the patients (70.2%) were aged below 30 years and
85.4% of them were Saudi (15). The study also reported
that, among all 246 patients, thrombocytopenia was
found to be the most common complication (50.4%)
while 26% of the patients had cerebral malaria which
was a contributory factor in all seven deaths reported.
Since the period covered by the above study, malaria
endemicity has been significantly reduced in Saudi
Arabia and the country has set a target of zero indigenous
cases by 2020 (1, 16). Therefore, the present study was
carried out to assess the current situation in Jazan region
through an investigation of the pattern of severe malaria
among patients attending Sabya General Hospital, a
public healthcare facility in the region.

MATERIALS AND METHODS

Study design and study area

This prospective study was carried out in Sabya General
Hospital, Sabya City, Jazan region, Saudi Arabia between
December 2017 and April 2018. Sabya City is located
1110 km southwest of Riyadh and 37 km northeast of
Jazan City at 17.09°N, 42.38°E at an elevation of 36
metres above sea level. Jazan region is located in the
southwestern part of the Kingdom and extends about
300 km along the Red Sea coast, and is directly north
of the border with Yemen. The region consists primarily
of highlands, hills and coastal areas. The annual mean
rainfall varies between more than 300 mm in the
highlands and below 300 mm in the coastal plains. The
average temperature is 26°C (ranging between 25 and
40°C) and the relative humidity is 47%.

Study population and sample size

A universal sampling approach was applied to recruit
participants. All patients with clinical features of severe
malaria who were admitted to the Infectious Diseases
Ward were invited to participate in this study during
the period from December 2017 to April 2018 (malaria
season in Jazan region). Patients were included in
the study if they met the following inclusion criteria:
diagnosed with severe malaria, admitted to Sabya
General Hospital and provided written signed consent.
During the study period, a total of 31 patients with
severe malaria were invited to take part; of these 25
agreed to participate. The patients were treated with an
intravenous artesunate-based combination therapy in
accordance with the national drug policy established by
the Ministry of Health and with other supportive therapy
(e.g., fluid replacement, blood transfusion, etc.).

Data collection
About 2-3 ml of venous blood was obtained from
each participant and deposited into an EDTA tube. A

drop of the blood was used for the AMP Rapid Test
— Malaria p.f./pan (AMEDA Labordiagnostik GmbH,
Austria). In addition, thin and thick blood films were
prepared on glass slides. The films were stained with
5% of buffer-diluted Giemsa stain for 30 min according
to standard procedures and then examined under a light
microscope for malaria parasites. Where slides were
positive, Plasmodium species, stages and counts were
determined. Presence of parasitaemia was established
by counting the asexual stages against 300 leucocytes
and then multiplying by 25, under the assumption that
7500 cells/pl is the mean total leucocyte count of normal
individuals (17). The parasitaemia level was reported as
either severe (> 10,000 parasites per pl blood), moderate
(1000-9999 parasites per pl blood) or low (< 1000
parasites per pl blood) (18, 19).

Clinical, haematological and biochemical examinations
were done by the medical staff of the hospital according
to the relevant hospital policies. A data sheet was
prepared for each patient, which contained personal and
demographic information about the subject, a checklist
of vital clinical assessment and signs (such as fever,
general condition, level of consciousness, evidence of
seizures, pulse rate and blood pressure, rate and depth
of respiration, liver and spleen size, state of hydration
and pallor), and laboratory results that included
complete blood count, malaria test and biochemical test
results. The data sheet also included information on the
severity of malaria infection, cerebral malaria status and
treatment given.

In this study, malaria cases were considered as severe if
they met the criteria proposed by the WHO for severe
malaria (20). In brief, the falciparum malaria infection
was considered severe in the presence of a high level
of parasitaemia (> 10,000 parasites per pl blood), or
in the presence of parasit aemia and one or more of
the clinical or laboratory features suggestive of severe
malaria such as coma; convulsions; shock (systolic
blood pressure < 80 mmHg in adults or < 70 mmHg
in children); prostration (unable to sit or walk with no
obvious neurological explanation); severe normocytic
normochromic anaemia (defined as a haematocrit level
of < 20% or a haemoglobin level < 7 g/dl in adults or a
haematocrit level of < 15% or a haemoglobin level < 5
g/dl in children aged below 12 years); hypoglycaemia
(blood glucose level < 40 mg/dl); kidney impairment
(serum or plasma creatinine level of > 265 pmol/L or
blood urea level of > 20 mmol/L or black water fever);
severe thrombocytopenia (platelet count < 50,000/p! or
evidence of bleeding); jaundice (plasma or serum total
bilirubin > 50 pmol/L); liver dysfunction (presence of
jaundice and elevated liver enzymes), coagulopathy;
respiratory oedema (confirmed radiologically, or oxygen
saturation level of < 92% on room air with a respiratory
rate > 30/min); and acidosis (9, 16, 20). Similarly, severe
P vivax malaria was defined as for falciparum malaria
but with no parasitaemia threshold (and without the
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criterion of hyperparasitaemia) (9).

Ethical consideration

Prior to conducting this study, the study protocol was
reviewed and approved by the local ethics committee
in Jazan. At the beginning, all the participants
were informed about the objectives, participation
requirements and procedures of the study. Moreover,
the participants were informed that they had the right
to leave the study at any time without consequences or
impact on their treatment and medical follow-up. Then,
written informed consent was obtained from each of the
adult participants and or from the parents/guardians on
behalf of the child participants.

Statistical analysis

Data analysis was performed using SPSS, version 20
(IBM Corporation, NY, USA). Categorical variables
such as age group, sex, nationality and clinical status
were presented as frequencies and percentages while
quantitative variables such as parasitaemia, laboratory
results for haematological and biochemical tests were
first examined for normality using the Kolmogorov—
Smirnov test and then presented accordingly as means
(SD) or medians (IQR). All the categorical variables were
coded as binary dummy variables. For example, malaria
species (P, vivax =0, P. falciparum = 1); gender (female =
0, male = 1), age group (child = 0, adult = 1), nationality
(Saudi = 0, non-Saudi = 1) and so on. On the other hand,
parasitaemia was categorized into three levels (low = 0,
moderate = 1 and severe = 2), according to the cut-off
values mentioned above.

In the inferential statistical analysis, Fisher's exact test
was used to determine the associations between the
dependent variables, i.e., the two malaria parasite
spec ies, and independent variables, i.e., the general
characteristics of the participants, including age, gender
and nationality. The Mann-Whitney U test was used to
identify whether there was any difference in the studied
parameters between groups. A P value of < 0.05 was
considered statistically significant for all analyses.

RESULTS

A total of 25 patients with severe malaria participated
in this study, 21 (84%) of whom were male and four
(16%) were female (Table I). Their ages ranged from 6
to 78 years, with a mean + SD age of 29.2 + 15.2 years.
About two-thirds (64%) of the subjects were Saudi and
36% (9/25) were non-Saudi. In all, 76% (19/25) of the
participants were infected with P. falciparum and 24%
(6/25) had P. vivax. The duration of symptoms prior to
the diagnosis of malaria was from 1 to 7 days in 11 cases
(44%), 8 to 14 days in five cases (20%), greater than 14
days in seven cases (28%) and unknown in two cases.

When the severe malaria parameters were compared
according to malaria parasite species (i.e., P. falciparum

Table I: The distribution of severe P. falciparum and P. vivax malaria
cases according to age, gender and nationality of all the participants.

Variable P, falciparum P, vivax Pvalue
(n=19) (n=6)

Age group (years)

<20 6 (75.0) 2 (25.0) 0.754

21-30 7 (70.0) 3(30.0)

> 30 6 (85.7) 1(14.3)

Gender

Male 15(71.4) 6(28.6) 0.540

Female 4 (100) 0(0)

Nationality

Saudis 15(93.8) 4 (44.4) 0.012*

Non-Saudis 1(6.2) 5(55.6)

All values are number (%)
* Significant difference (P < 0.05).

and P vivax) (Table Il), it was found that the median
haemoglobin level was significantly lower among
patients who had P vivax malaria compared to those
with P falciparum malaria (8.27 vs 12.70; P = 0.007).
Similarly, the RBC was significantly lower among
those with P. vivax malaria compared to those with
P. falciparum malaria (2.89 vs 4.90; P = 0.003). With
regards to parasitaemia, 48% and 26% of the patients
with falciparum malaria had severe and moderate
parasitaemia, respectively. The percentage of patients
with falciparum malaria who had a low level of
parasitaemia was similar to that of those who had a
moderate level of parasitaemia (26%). The mean + SD
presence of parasitaemia in all patients with falciparum
malaria was 14,245 + 8,283 parasites per pl blood. On
the other hand, three out of the six cases (50%) of P.
vivax malaria were severe while one and two cases had
moderate and low parasitaemia, respectively. The mean
+ SD presence of parasitaemia in all patients with vivax
malaria was 6,263 = 3,162 parasites per pl blood.

Table Il shows the clinical manifestation of severe
malaria among the participants according to malaria
infection. The most common symptoms were prostration
(48%), jaundice (44%), liver dysfunction (36%) and
splenomegaly (28%). None of the patients presented
with shock. About 8% and 16% of the patients had
renal impairment and severe malaria, respectively.
Meanwhile, about 20% and 24% of the patients
were found to have severe thrombocytopenia and
coagulopathy, respectively. Interestingly, the prevalence
of severe anaemia was significantly higher in P. vivax-
infected patients compared with P, falciparum-infected
patients (P = 0.031). On the other hand, all other
parameters were comparable between species, gender
and nationality groups (P > 0.05).

The analysis of the data also revealed that in P, falciparum
malaria, patients with a severe level of parasitaemia had
a higher risk of developing prostration compared to
those with low-to-moderate parasitaemia, significantly
(RR = 3.89; 95% Cl = 1.07, 14.10; P = 0.038) (Table
IV). On the other hand, the risk of developing all
other complications was comparable between the two
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Table 11: Distribution of participants” haematological and biochemical parameters and parasitaemia according to malaria parasite species.

Parameter Overall P. falciparum (n = 19) P, vivax (n = 6) Pvalue
Mean + SD Mean + SD Mean + SD
Age (years)* 29.2+15.2 28.21 £12.51 32.17 £23.12 0.799
Haemoglobin (g/d)t+ 12.4(10.4,13.9) 12.7(12.0, 14.3) 8.3(5.5,11.1) 0.007
RBCs (per mm3)t 4.59 (3.96, 5.19) 4.90 (4.32, 5.24) 2.89 (2.11, 4.16) 0.003
WABCs (per mm3)* 5.67 £ 2.02 5.55 +2.07 6.05 £ 1.97 0.607
Platelets (per mm3)t 76.3(53.2,119.0) 91.0(53.0, 129.0) 62.1(49.6, 84.9) 0.252
Blood urea (mmol/L)* 4.76 = 1.46 4.91 +1.42 4.29 = 1.61 0.377
Serum creatinine (umol/L) + 70.00 (57.0, 93.0) 72.0 (57.0, 93.0) 68.6 (55.7, 156.4) 0.848
Total bilirubin (mg/dl)* 28.20 £ 16.92 31.17 £18.93 27.47 £16.52 0.365
Direct bilirubin (mg/dl)* 13.00 + 8.96 13.67 £9.05 10.85 £9.11 0.512
AST (U/)* 47.58 + 28.68 50.98 + 29.97 36.80 = 23.03 0.301
ALT (U/D+ 61.0(31.5,103.5) 40.0 (29.0, 80.0) 106.5 (44.5, 132.3) 0.408
ALP (U/I)* 89.0 £ 48.4 84.51 £43.48 103.17 £ 64.07 0.112
pH* 7.30 £0.11 7.29 £0.11 7.30 £ 0.09 0.792
Temperature (°C)* 37.77 £ 1.08 37.87 +£1.19 37.43 +0.63 0.462
Blood pressure (S/D)* 111.52 £ 14.34/ 111.84 £12.42/ 110.50 = 20.75/ 0.655
66.80 = 13.35 67.84£12.18 63.50 £ 17.44
Respiration ratet 22.0(22.0, 23.5) 22.0(20.0, 24.0) 22.0(21.0, 23.5) 0.276
Heart rate* 97.68 + 14.61 97.00 = 16.11 99.83 £9.13 0.774
Oxygen saturationt 99.0 (98.0, 99.5) 99.0 (98.0, 99.0) 99.0 (96.5, 100.0) 0.893
PT+ 12.3(11.7,13.3) 12.3(11.5,13.2) 12.6 (11.6, 14.5) 0.687
PTTt 32.1(25.2, 33.6) 32.1(23.1,33.4) 32.5(26.1, 33.9) 0.774
INR* 1.19 £0.21 1.17£0.23 1.24 +0.11 0.106
Parasitaemia* - 14,245 + 8,283 6,263 + 3,162 0.092

PT: prothrombin time; PTT: partial thromboplastin time; INR: international normalized ratio; AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase

* Values are mean (SD), difference examined by independent-samples t-test
t Values are median (IQR), difference examined by Mann-Whitney U test
Significant difference (P < 0.05).

Table 11I: Clinical manifestations of severe malaria symptoms among the participants according to malaria parasite species.

Clinical symptom Overall (n = 25) P, falciparum (n = 19) P, vivax (n = 6) Pvalue
Severe anaemia 4(16.0) 1(5.3) 3(50.0) 0.031*
cerebral malaria (coma) 1(4.0) 1(5.3) 0 (0) 0.760
Kidney impairment 2(8.0) 1(5.3) 1(16.7) 0.430
Respiratory oedema 2(8.0) 2(10.5) 0 (0) 0.570
Severe thrombocytopenia 5(20.0) 4(21.1) 1(16.7) 0.675
Coagulopathy 6 (24.0) 4(21.1) 2(33.3) 0.453
Prostration 12 (48.0) 9 (47.4) 3 (50.0) 0.722
Jaundice 11 (44.0) 9 (47.4) 2(33.3) 0.452
Liver dysfunction 9 (36.0) 6(31.6) 3(50.0) 0.363
Hepatomegaly 6 (24.0) 5(26.3) 1(16.7) 0.547
Splenomegaly 7 (28.0) 6(31.6) 2(33.3) 0.936
Shock 0 (0) 0 (0) 0 (0) NA

NA: not applicable.
All values are number (%)
* Significant difference (P < 0.05).
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Table 1V: Association between parasitaemia and severe malaria in-
dicators in patients infected with P. falciparum malaria in Jazan,
Saudi Arabia.

Indicator Parasitaemia RR (95% Cl) P
low-to- Severe
moderate (>10,000)
(< 10,000)
Severe anaemia 3.30 0.448
- Yes 0(0) 1(100) (0.15, 72.09)
- No 10 (55.6) 8 (44.4)
Severe thrombocy- 3.33 0.256
topenia (0.42, 26.58)
- Yes 1(25.0) 3(75.0)
- No 9 (60.0) 6 (40.0)
Coagulopathy 1.11 0.906
- Yes 2 (50.0) 2 (50.0) (0.19, 6.34)
- No 8(53.3) 7 (46.7)
Prostration 3.89 0.038*
- Yes 2(22.2) 7(77.8) (1.07, 14.10)
- No 8 (80.0) 2(20.0)
Jaundice 1.39 0.429
- Yes 4 (44.4) 5(55.6) (0.53, 3.62)
- No 6 (60.0) 4 (40.0)
Liver dysfunction 4.56 0.085
- Yes 1(16.7) 5(83.3) (0.64, 31.60)
- No 9 (69.2) 4(30.8)
Hepatomegaly 1.20 0.628
- Yes 2 (40.0) 3 (60.0) (0.69, 2.09)
- No 8(57.1) 6(42.9)
Splenomegaly 1.05 0.879
- Yes 3(50.0) 3(50.0) (0.57, 1.94)
- No 7 (53.8) 6 (46.2)

RR: Relative risk; Cl: Confidence interval
* Significant association (P < 0.05).

parasitaemia level s (P > 0.05).

In summary, in this study of 25 severe malaria cases, 19
(76%) were caused by P. falciparum and 6 (24%) were
caused by P, vivax. The mostcommon complications were
prostration (48%), jaundice (44%) and liver dysfunction
(36%), and none of the patients presented shock. The
prevalence of severe anaemia was significantly higher
among P. vivax-infected patients (50%) compared with
P. falciparum-infected patient (5.3%). In falciparum-
infected patients, those with severe parasitaemia had
a higher risk of developing prostration compared with
those with low-to-moderate parasitaemia (P = 0.038).

DISCUSSION

In Saudi Arabia, malaria transmission has been largely
eliminated, but there are a few remaining foci of low
malaria transmission in the southwestern part of the
country. During the study period, 31 patients were
diagnosed with severe malaria and admitted to Sabya
General Hospital in Jazan region. Of the 25 patients who
met the inclusion criteria, 19 (74%) and six (24%) were
positive for P. falciparum and P. vivax, respectively. This
finding is consistent with previous studies undertaken in
Saudi Arabia and other countries which have reported
that P. falciparum is the most malignant agent for severe
malaria compared to other species (9, 21-23). However,
other previous studies have reported the opposite,
attributing a greater proportion of severe malaria cases

to P, vivax (24-26). These conflicting findings could be
due to the epidemiology and distribution of malaria
parasites in the areas covered by the respective studies.
In fact, malaria in Jazan region is mostly importe d.
However, in the present study, the majority of the cases
(16/25) were found in Saudi patients. The nine non-
Saudi cases were all from Yemen, a high-transmission
country that borders Jazan region. Therefore, it is still
crucial to control imported malaria to achieve malaria
elimination in Jazan region.

In the present study, about half (48%) of the patients
had a severe level of parasitaemia (nine cases of P,
falciparum and three cases of P. vivax) while 24% and
28% had moderate and low parasitaemia, respectively.
For epidemiological purposes, in this study severe
falciparum malaria was defined as acute malaria with
one or more of the WHO severity criteria occurring in
the absence of an identified alternative cause and in
the presence of P. falciparum asexual parasitaemia of >
10,000/pl (9). The criteria for severe vivax malaria were
the same as for severe falciparum malaria but with no
parasitaemia density threshold (9). In malaria-endemic
areas such as Jazan region, patients may be able to
tolerate higher levels of parasitaemia without showing
severe symptoms. Hence the diagnosis of severe malaria
is likely to be associated with high or severe parasitae
mia. On the other hand, patients may develop one
or more complications of severe malaria while the
parasitaemia level is low, and this could be attributed
to the fact that more pathogenic sequestered mature
parasitized erythrocytes are not see n. In patients with
a clinically severe level of malaria but a low peripheral
blood parasitaemia, a high proportion of late-stage
parasites may be observed in the thin blood film. In
the studied cases, a high number of gametocytes was
observed in the blood films of patients with low and
moderate parasitaemia.

As regards symptom prevalence among the subjects,
the present study found that prostration was the most
prevalent (48%) followed by jaundice, liver dysfunction
and splenomegaly. These findings are in agreement with
previous studies conducted in Yemen, which borders
the Jazan region, and in north India, where prostration,
jaundice and liver dysfunction have been reported to be
the most frequent complications in severe P. falciparum
and P. vivax malaria (21, 25, 27, 28). Prostration is one
of the most common complications of severe malaria
in all age groups. It is the main reason for the hospital
admission of patients with malaria in several countries
with high and low malaria transmission (29). Although
prostration is considered a sign of CNS involvement, the
mechanisms by which severe malaria leads to inability
to sit, stand or feed are poorly understood (30).

Liver and spleen involvement in severe malaria has
been identified as a common and significant cause of
morbidity and mortality particularly in non-immune
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adults and children living in endemic areas (31, 32).
Infections by malaria parasites induce dramatic,
although variable hepatic and splenic responses,
including sinusoidal dilatation and hyperplasia of
the reticula-endothelial cells mostly characterized by
hepatosplenomegaly (33). However, it appears that the
presence or absence of splenomegaly has no influence
on the degree of hepatomegaly (34). Indeed, spleen size
has been used as a malariometric index to determine the
intensity of malaria transmission in children in endemic
areas (35). In the present study, 7 (28%) and 6 (24%)
of the patients had splenomegaly and hepatomegaly,
respectively.

In addition, the present study showed that severe
thrombocytopenia was only present in 20% of the
patients while there was a single case of cerebral
malaria (4%). In contrast, among 246 patients with
severe falciparum malaria in Jazan region between 1995
and 1997, the most frequent complications were severe
thrombocytopenia (50.4%) and cerebral malaria (26%)
(13). These differences in observations could be due
to the high endemicity of malaria during 1995-1997
compared to the low endemicity in 2017-2018. Indeed,
several localized outbreaks of autochthonous acquired
malaria occurred during 1995-1998 with more than
100,000 cases, the majority of which occurred in Jazan
region (15). Moreover, only four patients (16%) in
the present study had severe anaemia, three of whom
were infected with P. vivax (P < 0.05). Unfortunately,
other potential underlying causes of anaemia that these
patients may had before the onset of severe malaria
(such as nutritional anaemia) were not ruled out. In
cases of severe malaria where there is high parasitaemia,
anaemia can develop rapidly. The main determinant
of the usually rapid decline in haemoglobin and
haematocrit levels is the haemolysis of unparasitized
red cells (36).

Furthermore, the present study showed that there was
a parasitaemia-dependent risk of prostration and liver
dysfunction, where patients with severe falciparum
parasitaemia had a significantly higher risk of suffering
prostration or developing liver dysfunction as compared
tothose with low-to-moderate parasitaemia. Interestingly,
the findings also showed that severe anaemia was mainly
caused by P vivax with a significantly lower mean
haemoglobin level and RBC observed among P. vivax-
positive patients as compared to their P. falciparum-
infected counterparts. Usually, severe anaemia is a
characteristic of falciparum malaria which results from
the severe haemolysis of infected red blood. Although
P vivax is conventionally known to cause benign
malaria, previous studies have suggested that it can
also cause severe life-threatening malaria equivalent to
that caused by P. falciparum (37-39). Also, in a study
conducted in Brazil, it was demonstrated that P vivax-
associated severe anaemia might be attributed to robust
inflammatory reactions provoked by proinflammatory

response and cytokine activation (40). However, this
aspect of P. vivax infection was not investigated by the
present study. Finally, a systematic review and meta-
analysis of 77 clinical studies conducted since 1900 and
involving a total of 46,411 cases concluded that severe
thrombocytopenia was the most frequent manifestation
of severe vivax malaria followed by severe anaemia and
liver dysfunction (41).

CONCLUSION

During the 4-month period covered by the present
study, 31 patients were admitted with severe malaria to
Sabya General Hospital in Jazan region, Saudi Arabia.
The majority of the cases were caused by P. falciparum
(the most malignant malaria agent) and re quired proper
monitoring and treatment to prevent life-threatening
complications of falciparum malaria. It was also found
that the patients with severe P. vivax malaria (the
benign Plasmodium species) exhibited severe symptoms
similar to those seen in patients with P falciparum
malaria, specifically severe anaemia. While these
findings are constrained by the low number of severe
malaria cases analysed in this study, it is nevertheless
recommended that proper monitoring and treatment
should also be considered for P. vivax patients in order
to avoid complications. Given the above, further studies
should be conducted on larger sample sizes and such
studies may wish to focus on specific population groups
such as children and women in order to gain a more
comprehensive and nuanced picture of the presence
and prevalence of severe malaria in the region.
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