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Figure 1A and B show small Plasmodium trophozoite ring forms about one-third of
the diameter of the infected, normal-sized, erythrocyte. Figure 1A demonstrates

multiple infection, and Fig. 1B demonstrates a “bird’s eye” appearance (not species
specific). Figure 1C shows an immature schizont (mature Plasmodium knowlesi schiz-
onts have elongated, segmented merozoites); in contrast, Plasmodium falciparum
schizonts are rarely seen in peripheral blood except in severe cases. Figure 1D shows
an oval-shaped gametocyte with scattered brown pigment similar to that of
Plasmodium malariae; in contrast, P. falciparum gametocytes are sausage-shaped.
(The observed acanthocytosis is artefactual and does not affect morphology of
Plasmodium.)

Morphologic diagnosis of P. knowlesi is difficult due to overlapping features
and geographical distribution with P. falciparum and P. malariae and because it
is infrequently encountered outside regions where the disease is endemic. P.
knowlesi-infected erythrocytes are normal sized, and early trophozoites resemble
P. falciparum (double chromatin dots, multiple infection, appliqué forms), while
older trophozoites may develop band forms resembling P. malariae (1). Due to
the short 24-h asexual cycle of P. knowlesi, hyperparasitemia reminiscent of P. fal-
ciparum may occur, with levels as high as 27% reported (2). However, in P. falcip-
arum (longer asexual cycle of 48 h), this instead occurs because all erythrocyte
stages can be infected.

Aside from morphological similarities on microscopy, diagnosis of P. knowlesi
infection may also be missed by rapid immunochromatographic tests due to subopti-
mal cross-reaction of “pan-malarial antibodies” against P. knowlesi antigens or low
parasitemia counts (3). This underscores the importance of molecular diagnostic
methods to allow definitive diagnosis of P. knowlesi malaria, including identifying
coinfections. In our patient, definitive identification was obtained by both morphol-
ogy and PCR (real-time PCR followed by nested PCR of positive samples for species
identification, backed by confirmatory sequencing of the reverse transcriptase PCR
[RT-PCR] amplicon) (4). He, fortunately, had low parasitemia (0.3% at diagnosis) and
made a full recovery.

P. knowlesi is a simian zoonotic malaria endemic to Southeast Asia (5). The long-
tailed, pig-tailed, and northern pig-tailed macaques and the banded leaf monkey are
its natural hosts; the Anopheles leucosphyrus group is its vector. Once thought uncom-
mon, it is now the preeminent malaria in Malaysia, even being reported in areas previ-
ously considered “malaria-free,” such as neighboring Singapore (6) and Brunei
Darussalam (7) and as far as southern China (Yunnan) (5) and the Andaman Islands (8).
A 2014 study showed that P. knowlesi accounted for nearly 80% of malaria cases in
Johor state (which adjoins Singapore) where this patient’s infection was acquired, com-
pared with 56.5% of malaria across Malaysia (9).

Editor Erik Munson, Marquette University

Copyright © 2022 American Society for
Microbiology. All Rights Reserved.

Address correspondence to Bo Yan Khoo,
boyan.khoo@mohh.com.sg, or Shawn Vasoo,
shawn_vasoo@ncid.sg.

The authors declare no conflict of interest.

See https://doi.org/10.1128/JCM.01685-21 in
this issue for photo quiz case presentation.

Published 18 May 2022

May 2022 Volume 60 Issue 5 10.1128/jcm.01686-21 1

PHOTO QUIZ

https://orcid.org/0000-0001-5954-5863
https://orcid.org/0000-0002-0003-541X
https://doi.org/10.1128/ASMCopyrightv2
https://doi.org/10.1128/JCM.01685-21
https://doi.org/10.1128/jcm.01686-21
https://crossmark.crossref.org/dialog/?doi=10.1128/jcm.01686-21&domain=pdf&date_stamp=2022-5-18


REFERENCES
1. Lee KS, Cox-Singh J, Singh B. 2009. Morphological features and differential

counts of Plasmodium knowlesi parasites in naturally acquired human
infections. Malar J 8:73. https://doi.org/10.1186/1475-2875-8-73.

2. Lee W-C, Chin P-W, Lau Y-L, Chin L-C, Fong M-Y, Yap C-J, Supramaniam RR,
Mahmud R. 2013. Hyperparasitaemic human Plasmodium knowlesi infec-
tion with atypical morphology in peninsular Malaysia. Malar J 12:88.
https://doi.org/10.1186/1475-2875-12-88.

3. Singh B, Daneshvar C. 2013. Human infections and detection of Plasmo-
dium knowlesi. Clin Microbiol Rev 26:165–184. https://doi.org/10.1128/
CMR.00079-12.

4. Chavatte J-M, Tan SBH, Snounou G, Lin RTPV. 2015. Molecular characteriza-
tion of misidentified Plasmodium ovale imported cases in Singapore. Malar
J 14:454. https://doi.org/10.1186/s12936-015-0985-8.

5. World Health Organization. 2017. Outcomes from the evidence review
group on Plasmodium knowlesi. World Health Organization, Geneva,
Switzerland.

6. Ng OT, Ooi EE, Lee CC, Lee PJ, Ng LC, Pei SW, Tu TM, Loh JP, Leo YS.
2008. Naturally acquired human Plasmodium knowlesi infection, Singa-
pore. Emerg Infect Dis 14:814–816. https://doi.org/10.3201/eid1405
.070863.

7. Koh GJ, Ismail PK, Koh D. 2019. Occupationally acquired Plasmodium knowl-
esi malaria in Brunei Darussalam. Saf Health Work 10:122–124. https://doi
.org/10.1016/j.shaw.2018.09.002.

8. Tyagi RK, Das MK, Singh SS, Sharma YD. 2013. Discordance in drug re-
sistance-associated mutation patterns in marker genes of Plasmodium
falciparum and Plasmodium knowlesi during coinfections. J Antimicrob
Chemother 68:1081–1088. https://doi.org/10.1093/jac/dks508.

9. Yusof R, Lau YL, Mahmud R, Fong MY, Jelip J, Ngian HU, Mustakim S, Hussin
HM, Marzuki N, Mohd Ali M. 2014. High proportion of knowlesi malaria in
recent malaria cases in Malaysia. Malar J 13:168. https://doi.org/10.1186/
1475-2875-13-168.

Photo Quiz Journal of Clinical Microbiology

May 2022 Volume 60 Issue 5 10.1128/jcm.01686-21 2

https://doi.org/10.1186/1475-2875-8-73
https://doi.org/10.1186/1475-2875-12-88
https://doi.org/10.1128/CMR.00079-12
https://doi.org/10.1128/CMR.00079-12
https://doi.org/10.1186/s12936-015-0985-8
https://doi.org/10.3201/eid1405.070863
https://doi.org/10.3201/eid1405.070863
https://doi.org/10.1016/j.shaw.2018.09.002
https://doi.org/10.1016/j.shaw.2018.09.002
https://doi.org/10.1093/jac/dks508
https://doi.org/10.1186/1475-2875-13-168
https://doi.org/10.1186/1475-2875-13-168
https://journals.asm.org/journal/jcm
https://doi.org/10.1128/jcm.01686-21

	REFERENCES

