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Abstract: Detailed description of malaria in low transmission areas is crucial for elimination. The current study aimed to
provide a comprehensive description for malaria transmission in Jazan, a low transmission district, southwestern Saudi
Arabia. Patients at a tertiary care hospital were recruited in our study between August 2016 and September 2018. Malaria
diagnosis was performed through a species-specific nested polymerase chain reaction (nested PCR), microscopy and
Paramax-3™ rapid detection test (RDT). Malaria was detected in 30 patients by the PCR, with point prevalence of 10.9%.
Of these malaria infections, 80% was imported, 26.6% was asymptomatic and 23.3% was sub-microscopic. Malaria was
reported throughout the year, with February/March and September/October peaks. Infection was significantly more in
males than in females (P=0.01). Likewise, infections were detected more in febrile than in non-febrile patients (P=0.01).
Adult aged 15-24 years, fever and travel were identified as high-risk factors. Malaria was primarily attributed to Plasmodi-
um falciparum mono-infections, followed by P. vivax mono-infections and lastly to falciparum/vivax mixed infections ac-
counting 76.6%, 16.6%, and 6.6% of PCR-confirmed malaria cases, respectively. The nested PCR was superior to the
smear microscopy (sensitivity 76.6%; specificity 100%) and the RDT (sensitivity 83.3%, specificity 94.2%). The overall
percent agreement between microscopy and the RDT was 92.7% (kappa=0.63). High proportion of imported malaria in-
cluding sub-microscopic and sub-patent cases were described. We suggest that incorporation of molecular tool into the

conventional malaria diagnosis is beneficial in Jazan district.
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INTRODUCTION

The burden of malaria infection has been reduced over the
past decades in many countries. Nonetheless, malaria remains
an important parasitic disease in humans. To date, there are 5
Plasmodium species able to cause malaria in humans: P. falci-
parum, P. vivax, P. malariae, P. ovale and P. knowlesi [1]. Subspe-
cies of P. ovale also infect humans [2]. Human infection is of-
ten transmitted through the skin bite with the female Anopheles
mosquito while taking a blood meal. Globally, the majority of
the malaria cases were attributed to either P. falciparum or P,
vivax species. Infections attributed to the other Plasmodium spe-
cies and/or subspecies are relatively low [3].

Malaria symptoms vary based on the level of host immunity
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and the pattern of transmission across countries. In the high
transmission areas, people develop partial immunity render
them capable to tolerate high levels of parasitaemia without
symptoms owing to their constant exposure to infection. In
contrast, in the low transmission areas, people develop malar-
ia symptoms at low levels of parasitaemia [4]. Malaria diagno-
sis is usually carried out via traditional diagnostics (Light mi-
croscopy and rapid diagnostic tests [RDT]) [5]. Sensitive,
quantifiable, high throughput, and field-friendly molecular di-
agnostic tools have been developed for malaria diagnosis [6].
In Saudi Arabia, malaria is confined to the southwestern
parts of the country [7]. Malaria was constrained mostly to foci
in Aseer and Jazan regions. In these locations, malaria is most-
ly imported, and the indigenous malaria is often recognized as
low [8]. In areas where the malaria transmission is low, the as-
ymptomatic malaria infections is high and tend to be sub-mi-
croscopic. The residual immunity developed in these settings,
is believed to be the reason [9]. People with asymptomatic in-
fections may develop symptoms in days or weeks after detec-
tion or persist sub-patent for months at unsteady levels of par-
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asitaemia [10]. These asymptomatic sub-microscopic infec-
tions constitute an important threat to malaria elimination
through local transmission in the low transmission areas.
Jazan is a low transmission malaria district, southwestern
Saudi Arabia. Few studies have been performed to describe ma-
laria transmission in the region [11,12]. The current study
aimed to provide an update for malaria transmission in Jazan.
Our objectives were to identify the infection’s pattern (indige-
nous, imported, asymptomatic, symptomatic, microscopic and
sub-microscopic), to define the causative species and lastly to
determine factors that contribute to transmission of malaria in
the study’s area. To maximize the sensitivity of malaria diagno-
sis, a species-specific nested polymerase chain reaction (nested
PCR) was used in addition to the conventional diagnostics
(microscopic examination and the RDTs). Taking the nested
PCR results as a reference, the diagnostic performance of the
microscopy and the RDT were also investigated in our study.

MATERIALS AND METHODS

Study area

Jazan (or Jizan) district carries the highest burden of malaria
in Saudi Arabia, with approximately 1.5 million people living
at risk of infection. Jazan is a high-altitude area 400-2,500
miles above the sea level. The province has set of factors that
affect malaria control: the area is inhabited by a highly mobile

residents, the area lies close to the southwestern part of Yemen
where malaria is highly-endemic and a military conflict is still
ongoing. Fig. 1 shows the map of Saudi Arabia including the
study’s area and the nearby cities. Rain in Jazan usually fall in
August through October [13].

Ethics statement, study design and population

Ethical approval was obtained from the Institutional Review
Boards at Taif University (TU-IRB). All participants and pa-
tients were informed by the study and signed consents were
obtained according to the ethical standards. Prior to examina-
tion, relevant information was given to patients, including in-
formation about the sampling technique and the benefits of
the study. Patients attending the outpatient clinic at King Fahd
Central Hospital were invited to participate in the study. Chil-
dren under 5 years old, pregnant women, patients taking anti-
malarial medications, and those presented with signs of severe
complicated malaria infections were excluded from participa-
tion. Malaria screening was carried out between August 2016
and September 2018.

Blood sampling and data collection

The basic demographic features such as the patient’s gender,
age, residence and nationality were recorded. The axillary body
temperature was measured, and fever was defined as a temper-
ature exceeds 37.5°C. History of a recent travel to a malaria-en-
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Fig. 1. Map of Saudi Arabia showing the district of Jazan.



demic area(s) was also reported. The rapid detection test and
blood smears were prepared on site using finger-prick blood,
stored in separate boxes and transported to the laboratory.
From the same prick, about 75 pl blood was withdrawn via a
75 mm capillary tube, spotted on Whatman filter paper
(Whatman International, Maidstone, UK) and left to dry at
room temperature. Thoroughly dried blood samples were in-
dividually stored in plastic bags, transported to the laboratory,
kept at -20°C for molecular testing

Conventional diagnosis

Giemsa stained blood films (thick and thin) were prepared
from capillary blood (finger prick) and used for the microscop-
ic detection of the Plasmodium stages in patient’s blood, as de-
scribed in a previous report [14]. Paramax-3™ RDT (Zephyr
Biomedicals, Goa, India) was used for malaria rapid diagnosis.
The test detects the histidine-rich protein 2 antigen of P. falci-
parum, the lactase dehydrogenase antigen for P. vivax and the
aldolase antigen for Plasmodium spp. The test was performed
and interpreted according to the manufacturer's instructions.

Molecular diagnosis

Genomic DNA sample was purified from a quarter of a filter
paper blood spot using the QIAamp Blood Mini Kit (Qiagen,
Germantown, USA). Nucleic acid sequences of the mitochon-
drial cytochrome c oxidase III (cox3) target gene were amplified
with 2-round PCR [15]. The first round’s primers were genus-
specific while that for the second (nested) round were species-
specific. Primers were synthesized by the VHBio (Gateshead,
UK), dissolved in distilled water for stock preparation (100
pmol/ul) and kept at -20°C till use. PCR reactions were set up in
patches of ten samples, in Techne™ TC-4000 Thermocycler.
PCR reagents with the final concentrations, used in our re-
search, were closely similar to that of the published protocol
[15]. The amplification products of the first round (940 bp)
were examined on 0.8% agarose gel electrophoresis while that
of the second round (87-233 bp) were analysed on 2% agarose.

Data analysis

The patients’ data and laboratory tests results were collected,
recorded and analysed using SPSS V. 21 software (SPSS, Chica-
go, lllinois, USA). Variations in the patients’ demographic fea-
tures and malaria prevalence among distinct age groups were
assessed using the Chi-squared test. The diagnostic test's sensi-
tivity (Se), specificity (Sp), negative predictive value (NPV) and
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positive predictive value (PPV) were calculated with the 95%
confidence intervals (CI) against the nested PCR test’s results.
The variable difference among the age groups with a P-value
of less than 0.05 was considered statistically significant.

RESULTS

Population description

There were 321 patients agreed to participate in our study.
Patients met the inclusion criteria (n=275) were enrolled in
the study. The description of study’s population is stated in Ta-
ble 1. Most of the patients were females (165; 60%) with
mean age of 22.1+ 10.7 years. The patients’ age was ranged be-
tween 5 and 64 years, with a mean age of 23.5+13.19 years
and a median age of 21 years. Over 73% of the participants
were below 25 years. Fifty-one per cent of patients were Saudi
citizens and about 49% were non-Saudi immigrants. The ma-
jority of patients (73%; 221/275) reported a history of recent
travel to malaria-endemic areas.

Prevalence of malaria by PCR

The target Plasmodium DNA was identified in 30 patients by
the nested PCR. The point prevalence rate was 10.9% (30/ 275).
The malaria was attributed to P. falciparum mono-infections, P
vivax mono-infections and falciparum/vivax mixed infections in
76.6% (23/30), 16.6% (5/30), and 6.6% (2/30) of PCR-con-
firmed cases, respectively (Fig. 2A). No other species was de-
tected in the study’s population.

Case description
The malaria cases were reported all the year around, with

Table 1. Description of the 275’s participants

Character Category Proportion (%)
Age groups (year) 5-14 22.9
15-24 49.8
25-44 18.6
>45 8.7
Fever Yes 54.5
No 455
Gender Male 40
Female 60
Residency Rural 64
Urban 36
Travel history Yes 73
No 27
Nationality Saudi 51.3
Non-Saudi 48.7
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Fig. 2. Characteristics of the species distribution 30 malaria cases (A). (B) Proportions of imported and indigenous malaria in Jazan,
2016-2018. (C) Source countries/regions of imported malaria. (D) Age distribution of seven sub-microscopic malaria cases.
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Fig. 3. Month-wise distribution of the reported malaria cases in
Jazan, 2016-2018.

February-March and September-October evident peak periods,
accounting 26.6% (8/30) and 33.3% (10/30) of the PCR-de-
tected malaria cases, respectively (Fig. 3). Malaria infection was
predominant (53.3%; 16/30) in patients aged 15 to 24 years,
followed by children 5-14 years (26.6; 8/30) and patients over
24 years (20%; 6/30), with non-significant difference (P-val-
ue=0.6415) observed among the different age groups. The
vast majority of malaria cases were detected in males (60%;
18/30) and non-Saudi residents (63.3%; 19/30). Also, most of
malaria cases were described in those presented with fever

(73.3%; 22/30), those reside rural areas (80%; 24/30) and
those travelled to known malaria-endemic areas (80%; 24/30).
Significant difference was observed regarding infection trans-
mission and the patient’s gender (P-value=0.0178) as well as
the presence of fever (P-value=0.0285) (Table 2).

Symptomatic versus asymptomatic malaria cases

Malaria was confirmed in 22 febrile patients by the nested
PCR. The point prevalence of symptomatic malaria was 14.6%
(22/150). Patent malaria cases were attributed to P. falciparum
mono-infections, P. vivax mono-infection and falciparum/vivax
mixed infection in 90.9% (20/22), 4.5% (1/22), and 4.5%
(1/22), respectively. On the other hand, 8 asymptomatic (i.e.
sub-patent) malaria cases were picked up by the nested PCR
(Table 3). The point prevalence asymptomatic malaria was
6.4% (8/125). The sub-patent malaria was attributed to P. fal-
ciparum mono-infections, P. vivax mono-infection and falci-
parum/vivax mixed infection in 37.5% (3/8), 50% (4/8), and
12.5% (1/8) of cases, respectively.

Imported versus indigenous malaria cases
Among the 30 malaria cases, 25 (83.3%) had a recent travel



Table 2. Characteristics of PCR-confirmed malaria cases
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Variable Category Positive (%) No. of cases P-value
Age group (year) 5-14 12.6 63 0.6415
15-24 11.6 137
25-44 5.8 51
>45 12.5 24
Fever Yes 14.6 150 0.0285*
No 6.4 125
Gender Male 16.3 110 0.0178*
Female 7.2 165
Residency Rural 13.6 176 0.053
Urban 6.0 99
Travel history Yes 11.9 201 0.3659
No 8.1 74
Nationality Saudi 7.8 141 0.0899
Non-Saudi 14.2 134
*Statistically-significant.
Table 3. Distribution of symptomatic and asymptomatic malaria cases by age group
Category Species Rl oepes) Subtotal
5-14 15-24 25-44 >45
Symptomatic (n=150) P. f mono-infection 4.6 8.6 0 0 13.3
P. v mono-infection 0.0 0.6 0 0 0.6
(P.f. + P.v.) Mixed 0.0 0.6 0 0 0.6
Subtotal 4.6 10.0 0 0 14.6
Asymptomatic (n=125) P. f mono-infection 0.0 0.8 0.8 0.8 2.4
P. v mono-infection 0.8 0.0 1.6 0.8 3.2
(P.f. + P. v.) Mixed 0.0 0.0 0.0 0.8 0.8
Total 0.8 0.8 24 24 6.4

P. f, Plasmodium falciparum; P. v., Plasmodium vivax.

history to malaria-endemic areas and thereby designated as
imported malaria case, Fig. 2B. The imported malaria was re-
ported in the study’s setting with a point prevalence rate of
9.0% (25/275). Six malaria cases (5 P. falciparum mono-infec-
tions and one falciparum/vivax mixed infection) had visited
other malaria-endemic Saudi areas like Aseer (n=2) and Na-
jran (n=4). The remainder malaria cases (14 P. falciparum mo-
no-infections and 5 P. vivax mono-infections) were migrants:
11 (57.8%) from Yemen, 4 (21%) from Sudan, 2 (10.5%)
from India and 2 (10.5%) from Pakistan, Fig. 2C. By compari-
son, 16.6% (5/30) of the PCR-confirmed malaria cases had
not left Jazan to malaria-endemic areas, and thereby designat-
ed as indigenous (i.e. autochthonous; native) malaria cases.
The burden of native malaria in the study setting was 1.8%
(5/275). The autochthonous malaria was ascribed to P. falci-
parum mono-infections and falciparum/vivax mixed infection
in 80% (4/5) and 20% (1/5), respectively.

Sub-microscopic malaria cases

Of all PCR-confirmed malaria cases, 23 (76.6%) were iden-
tified by the microscopic examination, with estimated point
prevalence of 8.3% (23/275). Of these malaria cases, 22
(95.6%) were patent (symptomatic) infections. Malaria cases,
detected by microscopy, were attributed to P. falciparum mono-
infections, P. vivax mono-infections and falciparum/vivax mixed
infection in 86.9% (20/23), 8.6% (2/23), and 4.3% (1/23),
respectively. Moreover, out of the 30 malaria cases detected by
the PCR, 7 (23.3%) were missed identification by microscopic
examination (i.e. sub-microscopic). The estimated prevalence
rate of sub-microscopic malaria in the study’s population was
2.5% (7/275). Importantly, all the sub-microscopic malaria
cases were sub-patent infections. Equally important, the sub-
microscopic malaria cases were attributed to P. falciparum mo-
no-infections, P. vivax mono-infections and falciparum/vivax
mixed infection in 42.8% (3/7), 42.8% (3/7), and 14.2%
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Fig. 4. A flowchart diagram shows results of three tests used for detection and characterization of the malaria cases in this study. RDT
(Paramax-3™ rapid detection test), LM (light microscopy) and PCR (nested PCR). #1 P, falciparum, 1 P vivax and 1 mixed infections. *2 P
falciparum infections. ¢10 P, falciparum and 4 P, vivax. °2 P, falciparum and 2 P, vivax. €18 P, falciparum, 2 P, vivax and 1 as mixed infection.

Table 4. The diagnostic performance of microscopy and the RDT versus the nested PCR

A Result Diagnostic performance
ssay

Positive No. (%) Negative No. (%) Se % (95% Cl) Sp% (95% Cl) PPV% (95% Cl) NPV% (95% Cl)
Microscopy 23(8.3) 252 (91.7) 76.6 (0.57-0.89) 100 (0.97-1.00) 100 (0.82-1.00) 97 (0.93-0.98)
RDT 39 (14.1) 236 (85.9) 83.3 (0.64-0.93) 94.2 (0.90-0.96) 64.1(0.47-0.78) 97.8 (0.94-0.99)
Nested PCR 30(10.9) 245 (89.1) - - -

Cl, confidence interval; Se, sensitivity; Sp, specificity; NPV, negative predictive value; PPV, positive predictive value; RDT, rapid detection test (Para-

max-3™); PCR, polymerase chain reaction.

(1/7), respectively. These sub-microscopic malaria cases were
for a patient aged 14 years, three patients 25-44 years and
three patients over 44 years, Fig. 2D. Interestingly, the RDT
successfully identified four of these sub-microscopic malaria
cases: 2 cases were attributed to P. falciparum mono-infections
and 2 were attributed to P. vivax mono-infections.

Paramax-3™ RDT results

The RDT identified parasite antigen(s) in 39 patients, with
point prevalence of 14.1% (39/275). The RDT detected the
histidine-rich protein 2 antigen in 30 (76.9%) P. falciparum
mono-infections, the lactase dehydrogenase antigen in 8
(20.5%) P. vivax mono-infections and both antigens in 1
(2.5%) falciparum/vivax mixed infection. The RDT failed to
identify the malaria parasite antigen(s) in 5 (5/30; 16.6%) pa-
tients proved positives by the nested PCR. Furthermore, the
RDT assay misdiagnosed 14 patients as malaria positives while
the nested PCR identified them as negatives “false positives”.

According to the PCR results, these false positives malaria cases
were attributed to P. falciparum mono-infections in 10 cases
and P. vivax mono-infections in 4 cases (Fig. 4).

Diagnostic performance of microscopy and the RDT

Again, the nested PCR picked 7 malaria cases more than mi-
croscopy. Moreover, all the microscopy-positive malaria cases
were also positives by the nested PCR. Taking the PCR test re-
sults as a nominated gold standard, the smear microscopy ex-
hibited sensitivity (Se), specificity (Sp), positive predictive value
(PPV), and negative predictive value (NPV) of 76.6%, 100%,
100%, and 97%, respectively (Table 4). By the same principal,
the Paramax-3™ RDT displayed Se, Sp, PPV and NPV of 83.3%,
94.2%, 64.1%, and 97.8%, respectively (Table 4).

Concordance of microscopy and the RDT results
Consistent with the nested PCR results, the light microscopy
succeeded to rule out malaria in 14 patients. Moreover, it
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Table 5. Agreement between Paramax-3™ and microscopy tests on 275 patients

Paramax-3™ rapid detection test

Agreements (%)

Test Positive

Kappa (k) test

Negative Prevalence 95% Cl
39) (236) (14.1%) PPA NPA ORA
Light microscopy 23 252 8.30% 53.80% 99.10% 92.70% k=0.63 (0.49-0.78)

PPA, positive percent agreement; NPA, negative percent agreement; ORA, overall rates of agreement; Cl, confidence interval.

picked up 2 additional P. falciparum-positives malarial cases
over the RDT. Likewise, the RDT picked up four additional (2
P, falciparum and 2 P. vivax) positive malaria cases over the
light microscopy. Taken all together, the overall agreement be-
tween the 2 tests were calculated as good (92.7%; kappa=
0.639) (Table 5).

DISCUSSION

Prompt diagnosis of malaria in the low transmission set-
tings is important for treatment and infection control. Molecu-
lar diagnostic tool capable to detect challenges that arise with
the low transmission, is crucial for countries poised to achieve
malaria elimination, like Saudi Arabia. In this survey we in-
cluded a species-specific nested PCR tool into the traditional
malaria diagnostics to provide useful insights on several as-
pects of malaria transmission in Jizan district.

In the current study, the point prevalence of malaria in the
study’s population was ~11% with the nested PCR. The vast
majority of cases (83.3%; 25/30) was designated as imported
malaria, coinciding with earlier reports. El Hassan and his co-
workers have reported high number of imported malaria cases
in Jazan [11]. In Hail, another Saudi district, imported malaria
has been identified in 25% of patients based on microscopic
examination, 2014-2015 [16]. Notably, the international bor-
ders between countries represent a big challenge for countries
seeking malaria elimination, as stated elsewhere [17]. In agree-
ment with this observation, the majority of imported malaria
cases reported in our study (44%; 11/25) were originated from
Yemen. The Republic Yemen has been frequently considered
an important source of imported malaria infections into Saudi
Arabia. About 32% of all imported infections detected in all
Saudi area have been arised from Yemen, according to Al Zah-
rani et al. [18] 2015-2017. The imported malaria sustains po-
tential for indigenous malaria transmission, new Plasmodium
species development and emergence of drug resistance [19].
Thus, imported malaria represents a serious threat to infection
elimination. In The current study, 16.6% (5/30) of the detect-

ed malaria cases were indigenous. Significant reduction in the
number of the locally acquired malaria cases has been exhibit-
ed in earlier studies in Jazan and elsewhere in Saudi Arabia.
Researchers attributed the reduction of the native malaria cases
in the study site to the effective control protocol and to the
low rainfall practiced, 2000-2014 [11]. In Taif, a low transmis-
sion area, western Saudi Arabia and close to Mecca, much
lower estimates of both imported and indigenous malaria
have been reported in a hospital-based population [20]. Per-
haps, the endemicity pattern of malaria in the study’s site, the
study’s population, the clinical samples and the diagnostic
methods used could explain the variation of the imported and
indigenous malaria burden among studies.

In the current study, malaria cases were detected throughout
the year. Nonetheless, most of cases were identified in Febru-
ary-March and September-October peak periods. This finding
might be ascribed to increase travel at these periods. In Aseer,
an area near Jazan, the malaria transmission has peaks in Feb-
ruary and April following the rains [21]. The local climate and
its effect on human-vector activities may have a role for deter-
mination of months potentials for peak malaria transmission.
Adults aged 15-24 years and males were identified as high-risk
groups in the study site, consistent with previous reports
[21,22]. In our study’s location, adult males are more prone to
mosquito bite than females and children because they are
more likely to be outdoors. We can also point to the fact that
most of the migrants who crossed the borders to Jazan, during
the study duration, were adult males coming from malaria-en-
demic areas. In contrast, Jenkins and her co-workers have re-
ported malaria more in females than males in malaria endem-
ic area of Kisumu County, Kenya [23]. This discrepancy may
be related to the customs and the traditions of the study’s site.
In Jazan, by virtue of the customs and the traditions, females
wear clothes that cover the entire body and protect them from
mosquito bites.

The Plasmodium species distribution in our study was 76.6%
D. falciparum, 16.6% P. vivax and 6.6% mixed falciparum/vivax
infections. The dominance of P. falciparum over P. vivax infec-
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tions was evident in our study, consistent with one report [24]
and inconsistent with another [16]. Hasona et al. [16] have re-
ported malaria cases attributed more to P. vivax than to P. falci-
parum based on RDT. Perhaps, the discrepancy in species dis-
tribution between the 2 surveys might be related to the coun-
try of the origin of migrants and the Plasmodium species ende-
micity situation. In our study, the imported malaria cases were
primarily originated from P. falciparum-endemic countries (Ye-
men, India, and Sudan) while in Hasona et al. [16], the im-
ported malaria cases have been originated mainly from P.
vivax-endemic malaria countries (Afghanistan, Pakistan and
Iraq). Also, in our study, the nested PCR revealed a low pro-
portion (0.7%) of mixed falciparum/vivax infections in the
study location. Bin Dajem, in year 2015, has detected a lower
proportion (1.9%) of mixed falciparum/vivax in the study’s site
[25]. Gupta et al. [26] have reported a much higher propor-
tion (45.5%) in India. Mixed malaria cases have been over-
looked in several Saudi studies, Dawoud et al. [27]’s study is
one of these studies. These variations might be due to different
methodology adopted in these studies. Mixed malaria infec-
tions are often overlooked in studies relying on the classical
diagnostic tools. No malaria case attributed to either P. ovale or
P. malariae was detected in the study’s population, concordant
to Dafalla etal. [12].

Approximately 73% of the detected malaria cases, in our
study, were symptomatic (i.e., presence of fever) and -27%
were sub-patent (i.e., absence of fever). Detection of the sub-
patent malaria infection is important for the interruption of
malaria transmission. The relevance of the symptomless infec-
tion rests on the fact that it can transmit malaria in the study’s
setting [28]. The malaria parasites present in these cases at
densities below the limit for microscopic detection and there-
fore, they were missed detection by the light microscopy. These
sub-patent malaria infections were found frequently attributed
to P. vivax as sole infection species in three cases and concomi-
tant with P. falciparum (mixed infection) in one case. Interest-
ingly, out of these eight asymptomatic cases, seven were
missed by microscopy (sub-microscopic). The sub-microscop-
ic asymptomatic malaria infections have been demonstrated a
contribution to malaria transmission in Jazan [29] and else-
where in Thailand [30]. These sub-patent infections were most
prevalent in patient above 15 years, coinciding with previous
report [31]. According to one study, populations with higher
levels of immunity (i.e. aged > 15 years) would maintain the
malaria parasites at lower densities enough to be easily missed

detection by the microscopy [32].

In this study, we also examined the performance of the three
malaria diagnostics. Both the microscopy and the RDT proved
less sensitive than the nested PCR, as expected, and already de-
scribed in a previous study [33]. Microscopy showed the low
sensitivity for diagnosis of sub-patent malaria. Seven asymp-
tomatic malaria cases were not recognized by microscopy. In-
terestingly, four of these sub-microscopic cases were identified
by the immunochromatographic test. These four malaria cases
might be for patients given anti-malarial treatment and having
malaria parasite surface antigens in their blood. The persistent
of parasite histidine-rich protein 2 antigen in patients given
antimalarial treatment has been previously demonstrated [34].
Consistent with what has been described in the literature [35],
the Paramax-3™ RDT detected malaria infection in 14 pa-
tients, not confirmed by the nested PCR. Plasmodium species
deficient in the hrp2 gene (e.g. due to deletion) are a possible
source of false-negative HRP2 RDTs, according to one study
[36]. Of concern, the RDT-false positive results lead to non-es-
sential prescription of the antimalarial drugs that carries side
effect on health and may contribute to the emergence of resis-
tant strains [37]. Performance variations of different RDTs
have been described based on the transmission settings. Rana-
dive et al. [38] have attributed the low sensitivity of the RDTs
in a hypoendemic malaria setting of Swaziland, to the high
proportion of low-density infection among symptomatic pa-
tients. On contrast, Kurup and Marks, in a study carried out in
Guyana, a high transmission setting, have reported a sensitivi-

3™ comparable to that of the microscopic ex-

ty to Paramax-
amination [39].

The current study was not free of limitations. Despite of the
important data reported in our survey, the survey’s data could
not apply for the whole district, being a hospital-based. More-
over, our survey’s data might be biased by the non-representa-
tion of certain population groups in the study’s population
such as pregnant women, children under 5 years and patients
with severe complicated malaria. Also, in the current study, the
levels of parasitaemia were not estimated in malaria-positive
cases and in our evaluation of the microscopic examination
and the RDT, we primarily relied on an assumption taken with
the superiority of the nested PCR to the other two tests. Detec-
tion of the degree of parasitaemia were not given a consider-
ation our study as the evaluation of the conventional diagnos-
tic tools was not a core purpose of our study. Lastly, the small
number of the PCR-confirmed malaria cases made the analysis



of some collected data very challenging [40].

To conclude, the burden of malaria in Jazan district is rela-
tively high. The largest portion of malaria was imported, large-
ly from Yemen. Infections were attributed mainly to P. falci-
parum and to a lesser extent to P. vivax. Despite its relatively
low number, falciparum/vivax mixed infections were detected
in the study’s site. Considerable proportion of asymptomatic
sub-microscopic infection was also described. Infections were
frequent in adults, males, in patients presented with fever and
in patients with recent travel to malaria-endemic areas. Lastly,
the low sensitivity of microscopy and the Paramax-3™ were
evident in comparison to the nested PCR. We suggest incorpo-
ration of a molecular tool into the traditional malaria diagno-
sis in Jazan to overcome challenges arising from the low trans-
mission of malaria in the district.
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