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Abstract

Plasmodium ovale is rare and not exactly known to be autochthonous in Malaysia. There are two distinct forms of the
parasite, namely P ovale curtisi (classic form) and P ovale wallikeri (variant form). Here, the first sequence confirmed
case of an imported P. ovale wallikeri infection in Malaysia is presented. Microscopy found Plasmodium parasites with
morphology similar to P ovale or Plasmodium vivax in the blood films. Further confirmation using polymerase chain
reaction (PCR) targeting the small-subunit rRNA gene of the parasite was unsuccessful. Genus-specific PCR was then
performed and the product was sequenced and analysed. Sequence analyses confirmed the aetiological agent as P
ovale wallikeri. New species-specific primers (rOVATv and rOVA2v) were employed and P, ovale wallikeri was finally con-
firmed. The findings highlight the need to look out for imported malaria infections in Malaysia and the importance of
a constantly updated and validated diagnostic technique.
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Background
Malaria is caused by the blood parasite Plasmodium.
Plasmodium  falciparum, Plasmodium vivax, Plas-
modium ovale curtisi, P ovale wallikeri, Plasmodium
knowlesi and Plasmodium malariae are known to infect
humans. Current molecular-based diagnostic methods
enable sensitive and specific detection of the five human
malaria parasites, even in subclinical cases. Improved
diagnostic techniques using polymerase chain reaction
(PCR) detected a spike in prevalence of overall malaria
infections. The relatively insensitive microscopic diag-
nosis has underestimated the prevalence of this disease,
including P. ovale infection, which was once believed to
be comparatively rare. Review of a series of studies led
to a probable conclusion that a 2 to >10 % prevalence
of P. ovale might actually exist in the general population
of Africa and Papua New Guinea and among malaria
patients in Southeast Asia [1].

Plasmodium ovale infection, a tertian malaria, is diffi-
cult to diagnose microscopically, owing to the generally
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low parasite density in patients and the parasite’s mor-
phology which resembles that of P vivax. Additionally,
it is a relapsing infection, which can occur long after
the primary exposure to the parasite, initiated by latent
parasites (hypnozoites) residing in the liver [2]. Moreo-
ver, dimorphism exists in the small-subunit rRNA (ssr-
RNA) gene of the parasite, causing some isolates to be
undetectable by PCR but microscopically confirmed as P
ovale [3]. Further gene studies demonstrated two distinct,
non-recombining sympatric species of the parasite [4].
Subsequently in 2010, Sutherland et al. [4] first coined P
ovale curtisi and P. ovale wallikeri as names for the classic
and variant forms of Povale, respectively.

Hitherto, cases of P. ovale wallikeri infection have been
described in certain countries in Southern Asia (e.g.
Bangladesh and India) and almost throughout the whole
of Southeast Asia [4—14]. In Malaysia currently, the most
prevalent malaria parasite is P knowlesi [15], with major-
ity of the cases originating from Malaysian Borneo. Seven
known cases of P ovale were reported so far in Malay-
sia [15-18]. Here, the first sequence confirmed case
of an imported P. ovale wallikeri infection in a patient
in Malaysia is reported. Microscopy, nested PCR and
sequence analyses of the ssrRNA gene confirmed the
aetiological agent as P. ovale wallikeri.
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Case presentation

A 19-year-old, Nigerian college student presented to
Sunway Medical Centre, Selangor, Malaysia with a 4-day
history of fever associated with chills, rigors and body
ache. Prior to onset of symptoms, he had gone back to
Nigeria for 10 days during semester break and became
unwell 5 days after returning to Malaysia. He was febrile
upon admission with body temperature of 39.8 °C, pulse
rate of 126 beats per minute and blood pressure of
128/87 mm Hg. There were no other significant physi-
cal findings noted. He recalled to have had three epi-
sodes of malaria during childhood, but was uncertain
about the causative Plasmodium species. Blood investi-
gation showed thrombocytopaenia with a platelet count
of 71,000 per microlitre (normal: 150,000—400,000 per
microlitre) and raised C-reactive protein (97 mg/L; nor-
mal: <5 mg/L). White blood cell count, haemoglobin and
albumin levels were within the normal range. Dengue
NS-1Ag, dengue IgM and IgG, Leptospira IgM, Myco-
plasma antibody test and Widal-Weil-Felix test were all
negative. Blood cultures did not yield any result.
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After three attempts using BinaxNOW® Malaria Test
(USA), a T2 Line appeared, while no T1 Line (specific for
P. falciparum infection) was observed, suggesting vivax,
malariae or ovale malaria or a mix of these. Microscopy
on thick and thin blood films detected the presence of
malaria parasites suggesting 2 ovale or P. vivax (Fig. 1),
with 0.27 % parasitaemia.

DNA was extracted from whole blood collected in
EDTA tube using the DNeasy® Blood and Tissue Kit
(Qiagen, Germany). Four microlitres of the purified DNA
was used in the primary PCR reaction, followed by a sec-
ondary PCR amplification using standard nested PCR
method [16, 19] (Table 1). The PCR result was negative
for all reactions except the reaction using genus-specific
primers, rPLU3 and rPLU4. Gel electrophoresis showed
a band of 240 bp, corresponding to the product of the
genus-specific nest 2 PCR (Fig. 2). At the same time,
NM-PCR, a nested multiplex malaria PCR and NG-PCR,
a nested PCR for Plasmodium genus amplification were
performed (Table 1), as previously described [20]. NG-
PCR also successfully amplified a positive product. The
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Fig. 1 Microphotographs of giemsa-stained thln blood films of the patient viewed under 1000 x magnification. a Developing schizont. b A
schizont with eight merozoites. ¢, d Gametocyte. Infected red blood cell is enlarged, oval in shape with presence of Schuffner’s dots, clearly seen in b
andd
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Table 1 Description of PCR protocols used in this report
Reaction Primer Annealing Product size (bp) Target species Reference
temperature (°C)
Nested PCR
Nest 1° rPLU1/rPLUS 55 ~1670 Plasmodium spp. [19]
Nest 2° rPLU3/rPLU4 240 Plasmodium spp.
rFal1/rFal2 205 P, falciparum
VIV1/VIV2 120 P vivax
rMAL1/rMAL2 145 P malariae
rOVA1/rOVA2 58 787-789 P ovale curtisi
Pmk8/Pmkro 153 P knowlesi [16]
rOVA1v/rOVA2v 782 P ovale wallikeri [3]
rOVATWC/rOVA2WC 659-662 P ovale curtisi and P, ovale wallikeri [26]
Mixed P, ovale® rOVA1/rOVA2 and rOVA1v/rOVA2v 58 782-789 P ovale curtisi and P. ovale wallikeri [3]
NM- and NG-PCR
Primary PCRY UNR/PLF 58 783-821 Universal [20]
NM New PLFshort with 53 Plasmodium spp.
PCR® MARshort 241 P malariae
FARshort 370 P, falciparum
OVRshort 407 P ovale
VIRshort 476 P vivax
NG-PCR! NewPLFshort/NewRevshort 53 735-773 Plasmodium spp.

@ Cycling condition: Initial denaturation, 94 °C for 4 min; 35 cycles of 94 °C for 1 min, 55 °C for 1 min and 72 °C for 1 min; final extension 72 °C for 10 min. Four pL of
DNA is used in a 25 pL reaction volume containing 4 mM magnesium chloride, 0.2 mM of each dNTPs and 1 Unit of Taq polymerase

b Cycling condition: Initial denaturation, 94 °C for 4 min; 35 cycles of 94 °C for 1 min, 58 °C for 1 min and 72 °C for 1 min; final extension 72 °C for 10 min. Four pL of
nest one product is used in a 25 pL reaction volume containing 4 mM magnesium chloride, 0.2 mM of each dNTPs and 1 Unit of Taq polymerase

¢ Cycling condition is the same as Nest 2 PCR®. Primer sets rOVA1/rOVA2 and rOVA1v/rOVA2v are mixed in equimolar in a single PCR reaction tube. Four pL of nest one
product is used in a 25 pL reaction volume containing 4 mM magnesium chloride, 0.2 mM of each dNTPs and 1 Unit of Taq polymerase

4 Cycling condition: Initial denaturation, 94 °C for 5 min; 35 cycles of 94 °C for 1 min, 58 °C for 1 min and 72 °C for 1 min; final extension 72 °C for 10 min. Five pL of
DNA is used in a 50 pL reaction volume containing 4 mM magnesium chloride, 0.2 mM of each dNTPs and 2 Units of Taq polymerase

¢ Cycling condition: Initial denaturation, 94 °C for 5 min; 35 cycles of 94 °C for 1 min, 53 °C for 1 min and 72 °C for 1 min; final extension 72 °C for 10 min. Two pL of
Primary PCR product is used in a 25 pL reaction volume containing 4 mM magnesium chloride, 0.2 mM of each dNTPs and 1 Unit of Taq polymerase

f Cycling condition is the same as NM-PCR. Two pL of Primary PCR product is used in a 50 pL reaction volume containing 4 mM magnesium chloride, 0.2 mM of each

dNTPs and 2 Units of Taq polymerase

positive products of both PCRs were gel purified using
QIAquick® Gel Extraction Kit (Qiagen, Germany) and
cloned into pGEM®-T vector (Promega, USA). For each
PCR product, ten clones were screened and three posi-
tive clones were randomly selected for plasmid sequenc-
ing. Plasmids were extracted using QIAprep® Spin
Miniprep Kit (Qiagen, Germany) and sequenced using
BigDye® Terminator v3.1 in ABI PRISM® 3730x/ DNA
Analyzer (Applied Biosystems). No definitive result
was obtained from NM-PCR due to non-specific bands
observed on the gel.

Sequencing data between clones were similar except
for a few nucleotide differences. A consensus sequence
was generated from the plasmid sequences of the
clones for each PCR product and analysed using NCBI
BLAST [21]. The result showed a 99 % identity to the
sstRNA gene of P. ovale wallikeri (GenBank accession
number: AB182492.1, KF696360.1, KF018654.1). Sub-
sequently, the full nucleotide sequence (746 bp) of the

product from NG-PCR (herein named UM00134; Gen-
Bank accession number: KU255080) was compared to
those found in the GenBank in a phylogenetic analysis
using the MEGA 6.06 program [22]. Sequences were
trimmed and aligned using Clustal W [23]. A phyloge-
netic tree was constructed using the neighbour-join-
ing methods [24] and Jukes-Cantor model [25], with
a Bootstrap value of 1000 (Fig. 3). Sequence analyses
confirmed that the infecting Plasmodium species was P,
ovale wallikeri.

In light of this finding, primers rOVAlv and rOVA2v
which are specific for P ovale wallikeri [3], were used
in the Nest 2 PCR reaction under the same condition
as mentioned in Table 1. Primers rOVA1l and rOVA2
were included to exclude P ovale curtisi infection. Par-
allel to that, a mixture of primer sets rOVA1/rOVA2
and rOVA1lv/rOVA2v, besides primer set rOVAIWC/
rOVA2WC [26] which are able to detect both P ovale
forms were also employed. Positive products were
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Fig. 2 2 % agarose gel electrophoresis of Nest 2 PCR showing an amplified product with the genus-specific primers. 7 100 bp DNA ladder; 2 rFAL1/
rFAL2 (P, falciparum); 3 rOVA1/rOVA2 (P. ovale); 4 IMAL1/fMAL2 (P malariae); 5 VIV1/IVIV2 (P vivax); 6 Pmk8/Pmkr9 (P knowlesi); 7 rPLU3/rPLU4 (Plasmo-
dium spp.); 8-13 no template control of P, falciparum, P. ovale, P malariae, P. vivax, P knowlesi, and Plasmodium spp., respectively

obtained from the PCR. The mixture of these primer
sets in a single Nest 2 PCR reaction and primer set
rOVAIWC/rOVA2WC were able to detect P. ovale wal-
likeri (Fig. 4).

The patient was immediately treated with a course of
Riamet® (artemether/lumefantrine) following detec-
tion of malaria parasites. His symptoms improved
within 24 h of treatment but blood film for malaria
became negative only after 36 h of treatment. How-
ever his platelet count seems to be slow to recover
while C-reactive protein, which is known as a marker
for severity in malaria [27], improved steadily fol-
lowing treatment. Primaquine 30 mg base daily was
added 2 days after Riamet. He requested for discharge
and agreed to complete the two-week course of pri-
maquine at home. He continued to improve clinically
post-discharge but could not afford to repeat his blood
tests and dropped out from subsequent out-patient
follow up visit.

Consent

The study was approved by the University of Malaya
Medical Centre Medical Ethics Committee (MEC Ref.
No: 817.18).

Discussion
In Malaysia, two of the seven ovale malaria were reported
to be caused by P ovale curtisi [18]. No known ovale
infection in the country was sequence-confirmed to
be caused by P ovale wallikeri, up till now. Diagno-
sis of ovale malaria is a challenge, due to the parasite’s
low density and close morphological resemblance to P
vivax. Both the classic and variant forms of P ovale are
also morphologically indistinguishable from each other
[26]. Rapid diagnostic tests (RDT) have aided in the
rapid diagnosis of malaria and other infectious diseases.
Nonetheless, their apparent ineffectiveness in detecting
P, ovale turns out to be well documented [28, 29]. In this
case, the result of the RDT, BinaxNOW® Malaria Test
was negative twice before a faint line indicating Plasmo-
dium species infection appeared on the third attempt.
Nested PCR for molecular detection of Plasmodium
spp. [30] has emerged as a standard molecular method
for malaria diagnosis. However, the primers for P. ovale
detection (rOVA1/rOVA2) were unable to identify the
variant form of the parasite, until a new set of primers
(rOVA1v/rOVAZ2v) specific for P. ovale wallikeri and a
set of primers (rOVA1IWC/rOVA2WC) to detect both
forms were introduced [3, 26]. The initial negative PCR
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Fig. 3 Phylogenetic analysis of the NG-PCR product (UM00134). The phylogenetic tree is constructed using the Neighbor-Joining methods and
Jukes—Cantor model, with Bootstrap value of 1000. The patient isolate, UM00134 is clustered with P ovale wallikeri isolates. GenBank accession

result using the species-specific primers and subsequent
sequencing analyses were indicative of P ovale wal-
likeri infection, prompting the use of these new prim-
ers. Besides, primer sets rOVA1/rOVA2 and rOVAlv/
rOVA2v were mixed to detect both P ovale wallikeri
and P, ovale curtisi in a single Nest 2 duplex PCR reac-
tion. The mixed primers and primer set rOVAIWC/
rOVA2WC in the PCR reaction appeared to be a mean
for quick and cost-efficient detection of both species of P
ovale [26], and therefore should replace primers rOVA1/
rOVA2 for routine diagnosis of malaria.

The accurate diagnosis of P. ovale infection, in fact of
all malaria infection, is crucial to avoid the delay of treat-
ment and clinical complications. Though ovale malaria is
thought to be rather benign, associated severe complica-
tions such as acute respiratory distress syndrome (ARDS)
[31, 32], splenic complication [33], acute renal failure and
ultimately, death [18, 34] have been reported. There are
certain clinical features slightly distinctive of the two dif-
ferent forms of P ovale. The latency periods of P. ovale
curtisi and P. ovale wallikeri infection are reported to be
66.1-111.1 days and 28.9-57 days, respectively, with one
case of P. ovale curtisi infection displaying an extraor-
dinarily long latency period of 1083 days [35]. This
shorter latency period may lead to higher relapse rate

of P ovale wallikeri infection. A trend toward a shorter
stay in Africa and shorter period of time between onset
of symptoms and diagnosis was found among patients
with P. ovale wallikeri infection, possibly reflecting easier
transmission, shorter latency or higher relapse rates [6].
In addition, patients with P. ovale wallikeri infection have
significantly more severe thrombocytopaenia and rela-
tively higher parasitaemia than those with P. ovale curtisi
infection. Other non-significant, differentiating features
include shorter pre-patent period, lower albumin level,
higher body temperature and more markers of haemoly-
sis in P. ovale wallikeri infection compared to that of P
ovale curtisi [6]. Taken together, it may seem that man-
agement of P. ovale wallikeri could be slightly more com-
plicated than P, ovale curtisi.

Plasmodium ovale is not exactly known to be autoch-
thonous in Malaysia. It is absolutely undesirable for
P ovale to be transmitting within the country, espe-
cially when Malaysia is progressing towards elimination
of malaria by 2020. Relapsing ovale infection is often
asymptomatic, detected only by continued examination
of blood films [2]. In other words, human reservoir of
P ovale may stay under the radar. This poses a threat to
the public health because natural transmission of ovale
malaria in Malaysia is possible in view of the availability
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Fig. 4 Detection of P ovale wallikeri using primer sets rOVA1/

rOVA2, rOVA1v/rOVA2v, mixture of both primer sets and rOVATWC/
rOVA2WC. A 2 % agarose gel electrophoresis was performed. Parasite
DNA purified from patient blood is used as template of PCR. 7 100 bp
DNA ladder; 2 rOVA1/rOVA2 (P. ovale curtisi); 3 rOVATv/rOVA2v (P ovale
wallikeri); 4 Mixture of primer sets rOVA1/rOVA2 and rOVA1v/rOVA2v
(both forms of P ovale); 5 rOVATWC/rOVA2WC (both forms of P. ovale)

of two vectors, Anopheles maculatus [36] and Anopheles
dirus [37] which have been shown to be good experi-
mental vectors for P. ovale. Nolder et al. [35] also found
that, compared to other human malaria, ovale malaria
is less likely to be prevented by chemoprophylaxis. Fur-
thermore, as pointed out by Mellon et al. [38], with non-
specific clinical signs as well as long latency period of P
ovale infection [2, 6, 35], what then should the maximum
exclusion period be for blood donors who had travelled
to endemic areas? Transfusion-transmitted P. ovale infec-
tion had been reported and can be severe [39].

It was not discernable if the patient was experiencing a
relapse or acute malaria. Prepatent period (time between
sporozoite inoculation and the first detection of parasites
in blood) for ovale malaria is reported to be 12-20 days
[2]. Lastly, a similar case was reported by Li et al. [29],
whereby P ovale wallikeri infection was diagnosed in a
Chinese worker returning from West Africa. This and
other increasing worldwide reports of P. ovale infections
[40-43] and misdiagnosed cases [7] urge the health and
research sectors to devise and utilise accurate techniques
to diagnose this infectious disease.
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Conclusions

The current findings highlight the need for continu-
ously updating and validating diagnostic techniques for
malaria. Complete history taking is of utmost impor-
tance in patients as it aids diagnosis, especially in the
case of P ovale infection where it can remain latent and
asymptomatic for a long period of time. Imported cases
of malaria are a concern for public health, especially in
countries where malaria is non-existent or has been elim-
inated. With Malaysia’s open policy and the ease of travel,
healthcare personnel should be made aware of the pos-
sible imported infections entering the country.
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