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Knowlesi malaria: When, Where, Why, and How?

A fifth Plasmodium, human malaria parasite, monkey malaria, primate malaria, simian malaria, 
zoonotic knowlesi malaria, human knowlesi malaria, and a novel malaria 

P. knowlesi



Plasmodium knowlesi

Knowles and Das Gupta, 1932; Chin et al, 1965; Singh et al, 2004; White, 2008

1931: was first isolated from a long-tailed macaque imported to 
India from Singapore. It caused a mild form of            
malaria in long-tailed monkey but caused lethal           
infections for rhesus monkey.

1932: using infected blood from macaques, it was demonstrated 
that these parasites could also infect human.

1965: the first documented human infection with P. knowlesi.

2004: a large focus of naturally acquired P. knowlesi infection in 
human beings.

2008: as the true fifth human malaria pathogen, capable  of 
infecting humans with a remarkable epidemiological 
impacts. 

PK



Malaria species of simian origin isolated in Asia and in South America

Simian 
Plasmodium species

Regional distribution Human species 
resembling to them

Asia
P. coatney Malaysia, Philippines P. falciparum

P. cynomolgi India, Indonesia, Malaysia, Sri Lanka, Taiwan P. vivax

P. eylesi Malaysia P. vivax

P. fieldi Malaysia P. ovale

P. fragile India, Sri Lanka P. falciparum

P. hylobati Indonesia P. vivax

P. inui India, Indonesia, Malaysia, Philippines, Sri Lanka, Taiwan P. malariae

P. Jeffrey Indonesia, Malaysia P. vivax

P. knowlesi China, Indonesia, Malaysia, Philippines, Singapore, Thailand, Taiwan P. malariae, P. falciparum

P. pitheci Malaysia P. vivax

P. simiovale Sri Lanka P. ovale

P. silvaticum Malaysia P. vivax

P. youngi Malaysia P. vivax

South America
P. brasilianum Brazil, Columbia, Mexico, Panama, Peru, Venezuela P. malariae

P. simium Brazil P. vivax

CDC, 2009 and Sabbatani et al, 2010P K



Vectors of P. knowlesi in Southeast Asia

P KWharton and Eyles, 1961; Jongwutiwes et al, 2004; Luchavez et al, 2008; Vythilingam, 2008; Tan, 2008; 
Jeslyn et al, 2010; Jiang et al, 2010 ; Sulistyaningsih et al, 2010; Vythilingam, 2010

Sabah
An. balabacensis

Singapore
& Thailand

An. leucosphyrus
An. latens

An. balabacensis

Vietnam

An. dirus 

Myanmar

An. leucosphyrus

Indonesia



Report on imported knowlesi malaria

Coatney et al, 1971; Kantele et al, 2008; Bronner et al  2009; CDC, 2009; van Hellemond et al, 2009; Figtree et al, 2010 

Country Year Identifying method H/O traveling Occupation

USA
American

1965 Blood passed into 
rhesus monkeys

Yes
Malaysia

Employee in the US army

Finland
Finnish

2007 Microscopy
Nested PCR assay

Yes
Malaysia

NA
Traveler

Sweden
Swedish

2006 Microscopy
A rapid test
PCR sequencing and 
phylogenetic analysis

Yes
Malaysia

NA
Traveler

USA
American-Filipino

2008 Microscopy
PCR sequencing

Yes
Philippines

NA
Visiting her home country

The Netherland
Malaysian

2009 Microscopy
PCR-sequencing

Yes
Malaysian Borneo

A Rigger in the harbor of 
Rotterdam

Australia
Australian

2010 Microscopy
PCR-sequencing

Yes
Kalimantan
Indonesian Borneo

NA
Traveler

Spain
Spanish

2010 Microscopy
RT-PCR-sequencing

Yes
Indonesia, Malaysia, 
Thailand and Vietnam

NA
Traveler

P K



Knowlesi malaria…a regional concern?



Naturally acquired P. knowlesi malaria in human, Thailand

Medical history

Diagnosis

Treatment

Jongwutiwes et al, 2004P K



Demographic and parasitologic profiles in human knowlesi malaria

Putaporntip et al, 2009

Patient data Parasitologic data

No Age Sex Ethnic Location Stage Microscopy PCR Monkey Season

1 48 M Thai Prachuap 
Khiri Khan

Ring, schizont,
gametocyte

P. vivax Pv, Pk Yes Rainy

2 45 M Thai Prachuap
Khiri Khan

Ring, trophozoite,
gametocyte

P. vivax Pv, Pk Yes Rainy

3 26 M Thai Narathiwat Ring, trophozoite,
gametocyte

P. malariae Pk Yes Dry

4 39 M Thai Narathiwat Ring, with double 
chromatin

P. falciparum Pf, Pk Yes Rainy

5 35 F Thai Yala Ring with double
chromatin

P. falciparum Pf, Pk Yes Rainy

6 17 F Thai Yala Ring, trophozoite P. falciparum Pf, Pk Yes Dry 

7 19 M Thai Yala Ring, trophozoite P. vivax Pv, Pk Yes Rainy

8 46 M Thai Chantaburi Ring, trophozoite,
schizont

P. falciparum Pf, Pk No Rainy

9 27 M Myan
mar

Tak Trophozoite P. vivax Pv, Pk No Rainy

10 12 M Myan
mar

Tak Ring with double 
chromatin, multiple 
infection

P. falciparum Pf, Pk No Rainy

P K



Human natural infection of P. knowlesi, Myanmar

Zhu et al, 2006P K



Co-infections with P. knowlesi and other malaria parasites, Myanmar

Plasmodium species identified in 146 persons in 2008

Parasite No. (%) persons

P. knowlesi 4 (2.7)

P. knowlesi/ P. falciparum 13 (8.9)

P. knowlesi/ P. vivax 13 (8.9)

P. knowlesi/ P. falciparum/ P. vivax 2 (1.4)

P. falciparum 51 (34.9)

P. vivax 53 (36.3)

P. falciparum/ P. vivax 10 (6.9)

Jiang et al, 2010P K



Human infections with P. knowlesi, the Philippines

Luchavez et al, 2008

Microscopy and PCR results of blood samples from Palawan, the Philippines

Patient Age/Sex Location
Plasmodium species

Microscopy PCR

1 50/M Bacungan, Puerto Princesa (PP) Pf, Pm Pf, Pm, Pk

2 49/M Inagawan, Tagbarungis, PP Pf, Pm Pk

3 55/F Caibulo, Iraan, Roxas Pm Pk

4 3/M Balogo, San Miguel, Roxas Pm Pk

5 6/M Maninguin, Iraan, Roxas Pm Pm

6 25/M Minara, Roxas Pm Pm

7 10/F Raradungan, Roxas Pm Pk

8 5/M Bono-Bono, Bataraza Pv, Pm Pf, Pv, Pm

9 14/F Bono-Bono, Bataraza Pm Pm

10 9/F Inogbong, Bataraza Pm Pm

11 5/F Inogbong, Bataraza Pf, Pm Pf, Pv

P K



Naturally acquired human P. knowlesi infection, Singapore

Ng et al, 2008; Ong et al, 2009P K



Molecular epidemiological investigation of P. knowlesi 
in 6 human cases and macaques in Singapore

Jeslyn et al, 2010P K



Human P. knowlesi infections in young children in central Vietnam

P KVan den Eede et al, 2009; Cox-Singh, 2009; Nakazawa et al, 2009 



P. knowlesi malaria in Vietnam: some clarifications

P KVan den Eede et al, 2010

From the three human 
infections with P. 
knowlesi reported in the 
central Vietnam. 

These findings 
contribute to the body of 
knowledge on the 
epidemiology of P. 
knowlesi malaria in 
Southeast Asia and 
cannot be easily 
dismissed as non-
representative. 

Large-scale studies to 
determine the extent and 
the epidemiology of P. 
knowlesi malaria in 
Vietnam are further 
needed.



Profiles of P. knowlesi- positive patients, South Kalimantan province, 
Indonesia 

Patient Age, y Microscopy-
based diagnosis

PCR-
based diagnosis

P. knowlesi-specific PCR 
for quality of 153-bp band

Sequence analysis

1 35 Plasmodium falciparum Plasmodium falciparum
Plasmodium vivax 
Plasmodium 
knowlesi

Strong Plasmodium vivax

2 41 Plasmodium falciparum Plasmodium falciparum
Plasmodium vivax 
Plasmodium 
knowlesi

Strong Plasmodium vivax

3 54 Plasmodium falciparum Plasmodium falciparum
Plasmodium vivax 
Plasmodium 
knowlesi

Weak Plasmodium vivax

4 16 Plasmodium falciparum Plasmodium vivax 
Plasmodium 
knowlesi

Weak Plasmodium knowlesi

Sulistyaningsih et al, 2010P K



P. knowlesi in Malaysia: from Monkey to Human and Genome

P K

31%

52%

5%
8% 0% 4% p.falciparum

p.vivax
p.malariae
p.knowlesi
p.ovale
mixed

Malaria cases reported in 2008
P. knowlesi  = 591/7390 (8%)

Ministry of Health Malaysia, 2008



Knowlesi malaria in peninsular Malaysia

P K

PCR 
results

Cases detected by microscopy
Cases detected by PCR

Pf Pv Pm Pf+Pm Pm+Pv

Pf 4 1 1 - - 6

Pv - 6 3 1 1 11

Pm - - 16 - - 16

Pk 2 1 62 - - 65

Pf+Pm - - 1 - - 1

Pf+Pk - - 2 - - 2

Pv+Pk 1 5 - 1 7

Pk+Pm - - 3 - - 3

Total 6 9 93 1 2 111

P. knowlesi = 77 (69.4%)

Vythilingam et al, 2008



Report on knowlesi malaria cases in Malaysian Borneo

Location Year Identifying method No. of cases Population H/O traveling Occupation

Pahang State
Peninsular Malaysia

1965 Blood passed into 
rhesus monkeys

1 Adult
100%

Yes Surveyor 

Johor State
Peninsular Malaysia

1971 Serology 1 Adult
100%

Yes Field assistant

Sarawak State
Malaysian Borneo

2004 Nested PCR assay 120 Adult
92.5%

85 Yes
35 NA

37 farmer, 
28 logging camp 

workers, 
5 housewives, 

5 teachers, 
18 others, and 

27 NA

Sarawak State
Malaysian Borneo

2008 Nested PCR assay 266 Adult
98.4%

NA NA

Sabah State
Malaysian Borneo

2008 Nested PCR assay 41 Adult
91.4%

NA 9 farmers, 
3 logging camp 

workers, 
2 housewives, 

2 students, and 
25 NA

Pahang State
Peninsular Malaysia

2008 Nested PCR assay,
sequencing of SSU 

rRNA and csp genes

5 Adult
80%

NA NA

P KChin et al, 1965; Fong et al, 1971; Singh et al  2004; Cox-Singh et al, 2008  



Fatal cases of knowlesi malaria in Malaysian Borneo

P K

Day Case 1 Case 2 Case 3 Case 4

Day 1 A 66-year-old women 
presented to her local health 
post with a 3-day H/O 
epigastric pain, diarrhea, 
vomiting, fever and rigors. I/V 
and oral metronidazole was 
given.

A 69-year-old man, 
presented to a district 
hospital with a-7-day H/O 
fever and rigors, 3 days of 
diarrhea and severe abd. 
Pain, weakness, dysnea 
and cough. He had 
jaundice, and. Pain. PBS: 
75,000/μl for P. malariae. 
Both I/V antibiotics and 
quinine were started.

A-39-yer-old man, 
was admitted to a 
district hospital with a 
3-day H/O headache, 
fever and chills, 
vomiting, abd. Pain 
and syncope.

A 40-year-old man, 
with a 7-day H/O 
fever, chills and 
rigors, abd. Pain, 
headache and 
vomiting. Also, big 
spleen.

Day 2 Epigastric tenderness and
I/V cimetidine was given. She 
remained anuric and poor 
response to I/V furosemide.

He was jaundice, 
hypotensive, abd. 
Pain and big spleen. 
PBS: 112,000/μl for 
P. malariae. 

A severe malaria 
was suspected with 
a thick blood film 
was shown P. 
malariae4+.

Day 3 She had jaundice and blood 
film of malaria was ordered. 
She still having abd. Pain 
and diarrhea. I/V antibiotics 
were given to cover sepsis. 
Thick blood film showed 
204,800/μl for P. malariae. 
Chloroquine, sulfadoxine and 
pyrimethamine were given.

Hemolysis was started 
because of renal failure.

A diagnosis of severe 
malaria was made. 
Both I/V chloroquine,  
sulfadoxine and 
pyrimethamine were 
started but he 
remained anuric. 

Oral chloroquine, 
sulfadoxine, 
pyrimethamine and 
primaquine were 
started.

Day 4 She died due to hypotensive 
and her conscious not 
improved.

She died the following 
morning.

He died of 
cardiovascular failure.

He developed ARDS 
with hemodialysis. 
He died on Day 13 
with CVF.

Cox-Singh et al, 2008



A case report of fatal P. knowlesi infection with post-mortem findings

P KCox-Singh et al, 2010

1

2

3

3

4



The distribution of reported human knowlesi malaria in Southeast Asia

P KChin et al, 1965; Fong et al, 1971; Singh et al, 2004; Sallum et al, 2005; Fooden, 1982, 2006; Cox-Singh and Singh, 2008



Microscopy…a diagnostic dilemma?

P K

The early trophozoites of 
both P. falciparum and P. 
knowlesi appear as discrete 
ring forms, at times with 
double chromatin dots, and 
individual erythrocytes can 
be infected by more than 
one parasite. 

The late trophozoites, 
schizonts and gametocytes 
of P. knowlesi and P. 
malariae are both similar, 
including the appearance of 
some trophozoites as band 
forms.

Singh et al, 2004; Cox-Singh ad Singh, 2008



Rapid diagnostic tests…closer to reality?

P KMcCutchan et al, 2008; Bronner et al, 2009; Kawai et al, 2009; Ong et al, 2009; van Hellemond et al, 2009 



PCR and knowlesi malaria…a confirm diagnosis?

P KSingh et al, 2004; Imwong et al, 2009; Van den Eede et al, 2009; Jiang et al, 2010; Sulistyaningsih et al, 2010

PCR family



Multiplex-PCR…a promising tool in the future?

P KFigtree et al, 2010; Tang et al, 2010

New Invention From Malaysia
PlasmoNex – ONE STEP Multiplex PCR Detection System for 

Malaria Parasites
KH Chua, YAL Lim, PC Lee, M Rohela, and CH Chew

DISTRIBUTION OF CASES
Year 2008: 7,390 cases 

PENINSULAR 
MALAYSIA SARAWAK

SABAH

P. falciparum
P. malariae 

P. Ovale
P. knowlesi

P. vivax



LAMP…can be a gold standard?

P KLek-Uthai et al,  2009; Nkouawa et al, 2009; Iseki et al, 2010; Iseki et al, 2010; Lau et al, 2010; Müller et al, 2010; Xu et al, 2010

PCR LAMP

Merit Merit

simple simple

mass screening mass sample survey

high  
sensitivity/specificity

High 
sensitivity/specificity

- no need of equipments

Weak Weak

equipments 
are needed

too high sensitivity

stable supply 
of reagents?

expensive reagents



Therapeutic approach

Parasite clearance during the first 24 
hours of treatment with oral chloroquine. 
Graph shows median and 25%-75% 
interquartile ranges.

P KSingh et al, 2004; Daneshvar et al, 2010; Wilairatana et al, 2010

Demographic and clinical data for patients 
at Kapit hospital with single species P. 
knowlesi infection.



Conclusion…P. knowlesi as the fifth human malaria?

P K



In Memory of 
The late Prof. Dr Sornchai Looareesuwan

A living 
legacy
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