AIAEARIUE 2-1
R &5 17
EEIIR

LR A

s WERGE

WA B—HATFH

20094 7T A 30 H

| BABRE - BEEK FERREORS | masmanmm

. ORYLFL YU a— VB AGES T > AEE

WrgEE @ | Transfusion (Malden) 2009: FAUH

@ARETOTY
. BB7Es |OQ#nYz/ /a7 IHIY ks (RRV2R)
RA) | @07 W (RERVRA)

INFRIR 49(7) : 1488-1492

KENCBTSHFLWANARD IR Bl BEETFE 3 ORR L

R ANVEDIVABLY BLIV) I, BERETE MAICBWTLURLVERAZES NS HFRETSH S, 3 D0 BV BETFRIL, 240
DNAEEFIT 10X A DHBD 5 5 lffcicE W TERE SNz, BIOVIRETR § . EEF’?’:T'—T’C BRI T ZVIBLUVT TR
PORESNT SN BHRITEY AU ToOREELRI 7.

PRFRA & HiE 1 BIOV RV RMETRIET 37200 PR EFZSBRI N, ZOREEOEER, 81,000 AMED KF— koK
440, 000 DERRETY > TIVERE T D ZEICE > TR E Nz, BIIV & & —, INABFI LHRREOHER. EEnY > 7L TERE

8 L O BRBRA -
ZOMBLEEL

RELLTEHOLY . /707 ) -1 3220
nﬂﬁﬁén“ﬂ'
1. EERY

mgg@%ma

iz,

BE CONMOHEE. DN BFIARIZE > T Bl BETH JIRRL T EEESNKED 1 A0 RE—25 28 HOMIC § B0
M RF—2a PETH>TWS I EMERINE, ZO—HD RRX—2 320 BV #19—id E—2i28WT 10MU/al 2823
ANANETE L 2, 1 VAN, REsasy >N (Ia) #ﬁkﬁ@fﬁﬂm ShETEDEREEO ER—2 a3 BT L=,
[eGiBEE SR L2, [eMBEEL D T HiBN /.

e cut, kREICHIT S0 R #b&&éﬂtBWVﬁE?ﬂB@%ﬂ@ﬁ*f%% Ba OF—F 3 DBRETFRHOENREE
BEZFBLTWARAOBRELARL TR LEDLST, FRRINERCDE RF— - OEEEIB LTS ZEERLTVES,

BRUEEBIE. RALAHLEMEESIES

(5) Mt - kB GOBE (& FULRD A
2 Bl9 DERAR T AR ETETE 2.

HESERERIT LM S,)

(6) RETEBE - RENHRBEOEE (L A
JVIRD A VA Bl DERER Z T EIREEETET
Fhav, BRLAHEITE. FREORLERET

TEMHDB,)
2. BEEEANEER

(1)

_ :
MEREOER ) mESENAOBREOMETRET. kY

SHROFIE

REZBVTMH B> —5 5 BV BERTH 3 BRI SNCRAOHETH S, :

Bz /207 -0 Tid, F—AROREIIEC B ABALALL TS, (P 2EF VUL
ELEDANANY T— g YHBRER Y Bl) ERWATRRL BERROZRY 5, A OMETRICAL
THHICREL - BRERI N LB A TVS,

a7 Rz TR, MEABERSOME LR TOTHLTRL - REVNEETHD. F7 1V AOER
YR REEREET DI LFTERNED. 1996EAKD. A LOERIT/NVETANZBLHIDONTO
ERETHREBBREZR->TYS, d, —ERBRIME I NAEDy MIOWTEL Btz /707 -1
SRR, METBIIBOTFEL/BEINDEEA TS,

FREETEH OZ2EI
EEEEIDZHDTILE
NEEZAHOT, BROH
BiiE Bz,

WIRY AR BIIE DDA ) AESFELIIREL -

BRETDZENERTH D700, FHDIREITL

DEQBRROAIEMETETERNDOT, RER

D&+ BRET D &,

b IR, ER. BURE0ORS

H@EIEREL TH 2 OH 2/ AL, i
g LOFRMENEREE EED LAMEND
BEROJBRETD L, UHRPOHSICHE
TEHEEMEITHEILL TWizh, FROI S
LOERNVRTAIZ Bl OREFDEES

AREMED B B, )

EEETERV. BRRELEBEITIKRE~D
M (PREE. BRYEKE. MBIEZED) AR %E\%’



BENESIS2009-018

TRANSFUSION COMPLICATIONS

Discovery and analysis of a novel parvovirus B19 Genotype 3
isolate in the United States

Lori A. Rinckel, Brett R. Buno, Todd M. Gierman, and Douglas C. Lee

BACKGHROUND: Parvovirus B19 (B19V) is a pathogen
frequently identified in human plasma donations through
the detection of nucleic acids. Three B19V genolypes
have been defined based on isolates having areater
than 10% divergence in overall DNA sequence. B19V
Genotype 3 is a rarely occurting genotype that has
been detected primarily in Ghana with sporadic reports
in Brazil and France but has not been previously
reported in North America.

STUDY DESIGN AND METHODS: A polymerase chain
reaction assay was developed with broad specificity for
B19V detection. The performance of this assay was
assessed by testing approximately 440,000 clinical .
samples representing more than 81,000 individual
donars. Determinations of B19V titer, DNA sequence,
and antibody congentrations were performed on
samples of interest. '
RESULTS: This assessment identified a series of eight
plasma donations spanning 28 days from a single

doror in theé United States infected with B18V Genotype '

3 as caonfirmed by DNA seguence analysis. The B19V
titer of this series of donations showed virus titers that
peaked at greater than 10™ {U/mL. The virus titer
decreased significantly over the next several donations
coinciding with an increase in immunoglobufin M (IgM)
{evels. The immunoglobulin G levels also increased buit
lagged approximately 7 days behind the IgM levels.
CONCLUSION: This is the first report of a B19V Geno-
type 3 detected from a plasma doner located in th'e_
United. States. Although our data are consistent with
recent reports suggesting low incidence for this geno-
type, they indicate its increasing relevance ahiong
blood and plasma donors.

uman parvovirus B19 (B19V) is a common
human pathegen that possesses a mutation
1ate that is uncharacteristically high for a
DNA virus.!? B19V DNA sequence homology
is used to classify B19V into three genotypes.? The geno-
types are defined as having approximately 10% divergence
in gverall DNA sequence. Genotype 1 is the mostprevalent
B19V currently circulating in North America and Europe
and is represented by the prototype strain Au (GenBank
Accession Number M13178).* Genotype 2 also circulates
in North America and Europe but with lower frequency
than Genotype 1 and is représented by the prototype
strain AS (GenBank Accession Number AY(064475).° Geno-
type 3 is endemic to Ghana but has also been found
in Brazil and France.® Genotype 3 is represented by two
prototype strains, V9 and D9l.1 (GenBank Accession
Numbers AX00342]1 and AY083234, respectively).® Numer-
ous genetic variants of B19V exist within each of these
three genotypes. By definition, these variants differ by less
than 10% in their DNA sequence when compared to the
genotypic prototype. ) )
These three genotypes were shown to constitute one g
single serotype throughvarious functional, structural, and
immunologic studies;” current evidence suggests that all
variants of Bi3V induce similar pathologies.? A primary
interest and concern with the wide assortment of B19V
genotypes and variants is diagnostic. Polymerase chain
reaction (PCR) assays developed around specific zeference
standards frequently fail to detect accurately specific
B19V genotypes and variants.3®"! Therefore, developers of

~moiecular diagnostics and the biologics industry have an

ABBREVIATION: B19V = parvovirus B19.
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PARVOVIRUS B19 GENOTYPE 3 IN THE UNITED STATES

increased interest in the prevalence of emerging B19V
variants.

Here, we report a unique isolate of B19V. This isolate
was discovered in a series of human plasma donations
from a single donor located in the United States. Analysis
indicated that this isolate exhibiis strong DNA sequence
homology to B19V Genotype 3. Analysis of the series of
donations from this donor demonstrated the expected
clinical pattern of antibody response to this B19V Geno-
type 3 infection. This is the first report of the discovery and
characterization of B19V Genotype 3 among US plasma
donors.

MATERIALS AND METHODS

A quantitative real-time PCR assay was developed with a
“target region within the NS1 coding sequence of the B19V
genome .utilizing oligonucleotide primers and probes
purchased from Integrated DNA Technologies (IDT, Cor-
alville, IA). The assay used two detection probes for the
B19V target. One detection probe contained the DNA
sequence of the B19V Au Genotype 1 prototype strain; the
second probe contained a DNA sequence that is a consen-
sus derived from the B19V A6 Genotype 2 prototype strain
and the V9 and D91.1 Genotype 3 prototype strains. Both
probes were labeled with the same fluocrophore. The assay
also incorporated a third detection prabe for 2 competi-
tive internal control that was labéled with a different fluo-
rophore than that of the two B19V taiget probes. Test
results indicating a PCR signal for' the internal control,
B19V target, or hoth were deemed valid; results indicating
no PCR signal for both the internal control and the B19v
target were deemed invalid. The quantitation standards
used in the real-time PCR assay were dilutions of plasmid
pYT104-C, which contdins a B19V Genotype 1 strain (Au)
genome.'”? A quantitativé standard curve was used to
assign values (copies/ml) to test samples. The results
expressed as copies/mL were converted to [U/mL using a
correlat_ion factor of 2.9 copies/IU, determined by com-
paring the potency of the First WHO International Stan-
dard for B19V DNA nucleic acid test assays (99/800) to the
potency of the dilution of pYT104-C used to create the
quantitation standards."?
The performance of the B19V assay was assessed
_ against a qualitative B19V assay that served as the test of
record using a study sample of approximately 440,000
donor samples corresponding to roughly 81,000 indi-
vidual donors. Both assays were designed to detect all
three B19V genotypes; neither assay was designed to dis-
criminate among the three genotypes. Donation samples
were tested initially in pools of 384 or 480 samples to
increase testing efficiency. Additional. testing of B19V-
reactive samples was performed using a B19V PCR assay
{artus RealArt, Parvo B19 PCR assay, Qiagen, Hilden,
Germany). Antibody detection was performed on test

171

samples in duplicate using the B19V immunoglobulin M
(IgM) and immunoglobulin G (IgG) enzyme immunoassay
(EIA) kits (Biotrin, Dublin, Ireland). ‘

DNA sequencing was performed on PCR amplicons
generated using primers containing B19V consensus DNA
sequences. The purified PCR amplicons were sequenced
by primer walking performed at Lark Technologies
{Houston, TX). The contiguous DNA sequences were
assembled using sequence analysis cloning software
(Vector NTI, Invitrogen Corp., Carlsbad, CA). DNA
sequence alignments were performed with Vector NTI and
with the GenBank database using BLAST."

RESULTS

The performance of a new B19V assay was assessed using
a study sample set consisting of approximately 440,000
donor samples, representing roughly 81,000 individual
donors. The performance of the B19V assay was bench-
marked against results obtained using an earlier version
assay. During the course of the study, 1 in 2400 donor
samples tested reactive for B19V, Review of results discor-
dant between the two assays identified several samples for
follow-up analysis. This investigation identified two reac-
tive donations that were ultimately linked to a series origi-
nating from a single donor resident in the United States.
Using a lookback process coupled with follow-up testing,
a series comprising eight donations, designated PO
through P7, was identified and these units were pulled
from the inventory for continued research. The two
plasma samples with the highest titer from this series, P1
and P2, were used to characterize the B19V isclate. Addi-
tional testing using the Qiagen artus RealArt Parvo B19
PCR assay yielded negative results for neat and diluted
samples (neat and 1:480). .

DNA sequencing of B19V amplicons generated from
P1 and P2 using our assay showed that both donations
contained identical DNA target sequences. This prelimi-
nary sequence information also suggested that nucleic
acid isolates from P1 and P2 have higher DNA sequence
homology to B19V Genotype 3 than to Genotypes 1 and 2.
The preliminary DNA sequence information was used to
design and synthesize a new detection probe (P1 probe)*
containing 100% DNA sequence homology to the P1 and
P2 isolates. This new detection probe was used to quanti-
tate sample viral Joads at -8 x 10" IU/mL for P1 and
3 x 10" [U/mL for P2 (Fig. 1).

The DNA sequence was determined for 4846 nucle-
otides of the Pl B15V genome (GenBank Accession

- Number FJ265736). Analysis of the DNA sequence from P1
* (Fig. 2) shows that this B19V isolate has the highest DNA

sequence homology to representative isolates of BISV
Genotype 3. This sequence exhibited 97% homology to
B19V strain V9 and 96% homology to B19V strain D91.1,
suggesting that the P1 isolate belongs to Genotype 3

Volume. 49, July 2009 TRANSFUSION 1489
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Fig. 1. B19V titer (#) and IgM (A) and IgG (M) levels for the series of Gensotype 3

donations. The B19V titer is expressed in [U/ml.
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Fig. 2. Global DNA sequence alignment of B19V strain P1 with
- the prototype strains for B19V Genotype l,Aui Genotype 2,

Af; Genotype 3b, D91.1; and Genotype 3a, Va. (4) Phyloéenetic
tree. (B} Numerical comparison of DNA. sequence homologies.

This analysis shows that P1 is a member of B19V Genotype 3a. |

Subtype B19/3a.'® The Pl isolate is significanty less
homologous to B19V Genotypes 1 and 2 with 89% homol-
ogy to B19V Genotype 1 prototype strain Au and 92%
homology to B19V Genotype 2 prototype sirain A6.
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B19V antibody levels detected in these
plasma donations displayed an increase
in IgM level concurrent with the
decrease in B19V titer (Fig. 1).

DISCUSSION

This is the first report of a B19V Genotype 3 detected in a
blood or plasma donation in the United States. Previously,
B19V Genotype 3 had been reported to occur primarily in
the African country of Ghana, with less frequent reports
in Brazil and France. The frequency of B19V Genotype 3 in
Ghana was reported to be approximately 100% of the
strains identified.' The frequency of B19V Genotype 3 in
Brazil was approximately 50% and in France was approxi-
mately 11% of the strains identified.*® Not only is the
identification of a'B19V-Genotype 3 in the United States
noteworthy, but also our characterization of this B19V
Genotype 3 infection in this donation series has demon-
strated that isolates of this gendtype can achieve the high
virus titers typically associated withacute B19V Genotype 1
infections, In contrast, previous reports concerning B19V
Genotype 3 have suggested that high-titer infections
involving this genotype occur infrequently.*'%"” The titers
of the isolates described in these prior reports, however,
may reflect late or persistent infections which would
exhibit lower titers than an initial infection. The B19V titers
of the series of donations in this report show the expected
pattern for an -acute infection where virus titers increase
rapidly, peak within sevéral days after infection, and then
decrease gradually over a period of several weeks,

The B19V isolate described in this report, designated
P1, was found to exhibit strong DNA sequence homology
with B19V Genotype 3. Alignment to V9 and D91.1, both
Genotype 3 isolates, demonstrated significantly higher
DNA sequence-homology (at least 94%) than to represen-
tative isolates for Genotypes 1 and 2. More specificaily, P1
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appears to belong to Genotype 3 Subtype Bl9/3a
Subtype B19/3a was reported fo be prevalent in Ghana
whereas Subtype B19/3b appears to be more prevalent in
Western Europe and Brazil "* :

The B19V titers in these donations increased rapidly
and peaked at a titer of approximately 8 x 10" IU/mL. Our
results also show that the decrease in B19V titer was con-
current with an increase in IgM antibodies. The increase in
IgM antibodies was followed by an increase in the levels of
IgG antibodies. These results concur with published works
. that suggest that the Genotype 1 antigens present in the
Biotrin EIA kit are effective for the detection of Genotype 3
anfibodies.'"® These results are also consistent with the
suggestion thata single serotype may exist for the different
B19V genotypes.’

Recent discussion concerning the incidence of the
B19V Genotype 3 infection among blood -and source
plasma donors has suggested that the prevalence of this
genotype in the United States is low or absent.? The com-
" parison of the performance of two BI9V assays in this
limited, high-throughput sample set (approx. 440,000
donations) identified B19V at a frequency of 1:2400 dona-
tions. This detection frequency is typical for the time of
year at which the study was conducted (based on data
from nearly 8 years of high-throughput testing). When the
study results were analyzed by donor, B19V-reactive dona-
tions were associated with 117 individual donors among
81,000 total donors (approx. 1:700). In contrast, the puta-
tive detection frequencies for samples and donors reactive
for B19V Genotype 3 appear significantly lower. Samples
containing high-titer BI9V Genotype 3 (i.e., >10° [{/mi)
were detected at the rate of 1:220,000 and were contrib-
uted by a single donor among the 81,000 donors compris-
ing the sample set (1:81,000). Whether these frequencies
accurately reflect the incidence of Genotype 3 within
the source plasma donor peopulation remains unclear,
because the assays used in this study were not designed to
differentiate among the three genotypes. Moreover, this
study was designed to evaluate assay performance, rather
than B19V epidemiclogy. Nevertheless, the fact that this
study resulted in the identification and interdiction of 8
plasma units from a single donor, 2 of which contained
sufficient B19V to exceed the prescribed limits for plasma
fractionation pools, underscores the increasing relevance
of assays that can detect B19V Genotype 3.
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Parvovirus B19 Transmission by
Plasma-Derived Products

Additional copies of this guidance are available from the Office of Communication, Qutreach
and Development (OCOD) (HFM-40), 1401 Rockville Pike, Suite 200N, Rockville, MD 20852~
1448, or by calling 1-800-835-4709 or 301-827-1800, or from the Internet at
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For questions on the content of this guidance, contact OCOD at the phone numbers listed above. -
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Guidance for Industry

Nucleic Acid Testing (NAT) to Reduce the Possible Risk of Human
. Parvovirus B19 Transmission by Plasma-Derived Products

This guidance represents the Food and Drug Administration’s (FDA'’s) current thinking on this
topic. It does not create or confer any rights for or on any person and does not operate to bind
FDA or the public. You can use an alternative approach if the approach satisfies the
requirements of the applicable statutes and regulations. If you want to discuss an alternative
approach, contact the appropriate FDA staff. If you cannot identify the appropriate FDA staff,

call the appropriale number listed on the title page of this guidance.

I. INTRODUCTION

We, FDA, are issuing this guidance to provide you, manufacturers of plasma-derived products,
with recommendations for performing nucleic acid testing (NAT) for human parvovirus B19 as

- an in-process test for Source Plasma and recovered plasma used in the further manufacturing of
plasma-derived products. Such testing will identify and help to prevent the use of _plasma units
containing high levels of parvowrus B19. This guidance also recommends how to report to FDA
implementation of parvovirus B19 NAT..

We recognize that in the current business practice for parvovirus B19 NAT in-process testing, -
several weeks can elapse between collection of the units of Source Plasma or recovered plasma
and identification of B19 NAT-positive pools or units. We encourage manufacturers of plasma-
derived products to employ practices that will reduce the time between product collection and in-
process testing to allow for the meaningful notification of blood and plasma collection
establishments of positive test results within the dating period of any blood components intended
for use in transfusion. A

" This guidance finalizes the draft guidance of the same title, dated July 2008.

FDA'’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the FDA’s current thinking on a topic and should be
viewed only as recommendations, unless specific regulatory or statutory requirements are cited.
The use of the word should in FDA’s guidances means that something is suggested or
recommended but not requlred

IL BACKGROUND
Human psrvovirus B19is a small, non;enve]oped single stranded DNA virus. Virus clearance

studies, using non-human parvoviruses as models for parvovirus B19, have indicated that this
virus is highly resistant to all commonly used inactivation methods, including heatand -

- — :
- e - -
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solvent/detergent (S/D) treatment, and is also difficult to remove by filtration because of its small
~ size. More recent studies have demonstrated that human parvovirus B19 may be more readily

cleared than certain model animal parvoviruses (Refs. 1, 2, 3 and 4). The parvovirus B19 can be

transmitted by blood components and certain plasma derivatives, and may cause morbidity to
susceptible recipients such as pregnant women (and their fetuses exposed in utero), persons with
underlying hemolytic disorders, and immune compromised individuals (Refs. 5 and 6). The
disease transmission by transfusion of blood components is rare. However, extremely high
levels of parvovirus B19, up to 10'21U/mL, in plasma of acutely infected but asymptomatic
donors may present a greater risk in plasma derivatives due to pooling of large numbers of
plasma units in the manufacture of these products. The virus can be detected by NAT in plasma
pools when there are high levels of parvovirus B19 DNA in viremic donations. For example, the
parvovirus B19 DNA can be detected in various plasma-derived products, particularly in -
coagulation factors (Refs. 7 and 8). There have been a few reports of parvovirus B19 infection
associated with the administration of coagulation factors (Refs. 9 and 10y and S/D Treated

Pooled Plasma (Refs. 5 and 11). Parvovirus B19 DNA is less frequently detected in albumin and

immunoglobulin products and, when detected, the levels are usually low. There are no
confirmed reports that albumin and immunoglobulin products have transmitted parvovirus B19
infection.

We have held or participated in several meetings to discuss the potential risk of parvovirus B19
infection by plasma-derived products, and the strategy for reducing such risk. The meetings

. included FDA-sponsored NAT workshops in 1999 and 2001 (Refs. 12 and 13), Blood Prodicts
Advisory Committee (BPAC) meetings in 1999 and 2002 (Refs. 14, 15, and 16), the National .
Heart, Lung, and Blood Institute-sponsored Parvovirus B19 workshop in 1999 (Ref. 5), and an_
ad hoc Public Health Service (PHS) panel in 2002 (discussed at the 2002 BPAC meeting (Ref.
16)). In these meetings, it was recognized that viral inactivation/removal steps that are routinely
used in the manufacturing process of plasma-derived products do not alone appear to be
sufficient to completely clear the virus if high viral load is present in the starting material.
Therefore, in these meetings, a common recommendation for mitigating the risk of parvovirus
B19 transmission by plasma derivatives has been to limit the virus Joad in the manufacturmg
plasma pool by testing the plasma donations for high titer parvovirus B19 DNA, using a
minipool format. This viral load reduction strategy combined with the ability of the
manufacturing process to clear the residual virus could greatly reduce the risk of parvov1rus B19
infection by plasma-derived products. '

The recommended limit in this guidance for viral load of parvovirus B19 DNA in the
manufacturing plasma pool (i.e., not to exceed 10* JU/mL) was primarily derived from studies
that were conducted on the transmission of parvovirus B19 associjated with S/D Treated Pooled
Plasma (Refs. 5, 11, and'14). In principle, testing in a minipool format to measure the viral load
for parvovirus B19 DNA in a manufacturing plasma pool is acceptable in order to exclude only
- ‘the high-titer plasma donations, thereby avoidingtoo great a loss of plasma for further
manufacturing. Furthermore, during the viremic period for parvovirus B19 infected donors, |

which can be very lengthy, low levels of parvovirus B19 coexist with parvovirus B19 antibodies. -
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(potentially complexing with and neutralizing the virus). Therefore, it is undesirable to remove
plasma units with Jow levels of B19 DNA, because it would diminish the parvovirus B19
antibody levels in plasma pools and in some of the resulting plasma-derived products (Refs. 17
and 18). '

II.. RECOMMENDATIONS

‘We recommend that you impiement the following procedures to detect the presence ‘of
parvovirus B19 DNA:

e  For all plasma-derived products, you should perform parvovirus B19 NAT as an in-
process test to ensure that the viral load of parvovirus B19 DNA in the mauufacturmg
pools does not exceed 10° IU/mL.

»  Use parvovirus B19 NAT on minipool samples to screen plasma units intended for
further manufacturing into plasma-derived products. Primers and probes selected for
parvovirus B19 NAT should detect all known genotypes of the virus (Ref. 19).

e  When identified, you should not use individual plasma units, intended for further

: manufacturing into plasma-derived products, when such units are found to have a titer
of parvovirus B19 DNA that might result in plasma manufacturing pools exceeding a
parvovirus B19 DNA titer of 10° TU/mL.

You should assess validation data demonstrating the accuracy, sensitivity, specificity, -
reproducibility, and other performance characteristics of the parvovirus B19.NAT assay used for -
the detection of parvovirus B19 DNA in the Source Plasma and recovered plasma, and for
dernonstratmg that the viral load of parvovuus B19 DNA in the manufacturing pool does not
exceed 10° TU/mL. :

If the above recommendations are implemented, you must inform FDA, as required vinder 21
CFR 601.12(a). You may submit these changes as a “Supplement—Changes Being Effected”
supplement (CBE supplement), under 21 CFR 601.12(c)(5).

A
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Clinical and Laboratory Features of Human
Plasmodium knowles: Infection
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'"Malaria Research Centre, Faculty of Medicine and Health Sciences, Universiti Malaysia Sarawak, and *Kapit Hospital, Sarawak, Mataysia;
and *Department of Medicine, Fremantle Hospita!, University of Western Australia, Fremantle, Australia

Background., Plasmodium knowlesi is increasingly recognized as a cause of human malaria in Sontheast Asia
but there are no detailed prospective clinical studies of naturally acquired infections.

Methaods. In a systematic study of the presentation and course of patients with acute P knowlesi infection,
clinical and laboratory data were collected from previously untreated, nonpregnant adults admitted to the hospital
with polymerase chain reaction—confirmed acute malaria at Kapit Hospital (Sarawak, Malaysia) from July 2006
through February 2008.

Results,  Of 152 patients recruited, 107 (70%) had P knowlesi infection, 24 (16%) had Plasmodium falciparum
infection, and 21 (14%) had Plasmodium vivax. Patients with P knowlesi infection presented with a nonspecific
febrile illness, had a baseline median parasitemia value at hospital admission of 1387 parasites/uL (interquartile
range, 6~222,570 parasites/uL}, and all were thrombocytopenic at hospital admission or on the following day.
Most (93.5%) of the patients with B knowlesi infection had uncomplicated malaria that responded to chloroguine

’

and primaguine treatment. Based on World Health Organization criteria for falciparum malaria, 7 patients with

P knowlesi infection (6.5%) had severe infections at hospital admission. The most frequent complication was
respiratory distress, which was present at hospital admission in 4 patients and developed after admission in an
additional 3 patients. P knowlesi parasitemia at hospital admission was an independent determinant of respiratory
distress, as were serum creatinine level, serum bilirubin, and platelet count at admission (P<.002 for each). Two
patients with knowlesi malaria died, representing 2 case fatality rate of 1.8% (95% confidence interval, 0.2%-
6.6%). . .
Conclusions. Knowlesi malaria causes a wide spectrum of disease. Most cases are uncomplicated and respond

promptly to treatment, but approximately 1 in 10 patients develop potentially fatal complications.

Five species of Plasmodium (Plasmodium falciparum,
Plasmodium vivax, Plasmodium malarige, Plasmodium
qvale, and Plasmodiuin knowlesi) cause naturally ac-
quired malaria in humans. The most recently identified
species is B knowlesi, which we previously reported to
be the most common cause of hospitalization for ma-
laria in the Kapit Division of Sarawak in Malaysian
Borneo [1]. Further studies of blood samples from pa-
tients presenting with malaria in Sarawak, Sabah, and
Peninsular states confirmed a miuch wider distiibution
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within Malaysia [2). There have also been reports of
locally acquired P. knowlesi infections from Southern
Thailand, the Myanmar-China border, the Philippines,
and Singapore {3-7}, indicating that transmission oc-
curs in many Southeast Asian countries.

P knowlesi is primarily a chronic infection of the
long-tailed (Macaca fascicularis) and pig-tailed (Macaca
nemestring) macaques {8]. It is. easily confused with
Plasmodium malariae on blood film microscopy in cases
of human infection, because the morphologic appear-
ances are almost identical [9, 10]). However, B knowlesi
is unique amongst the primate and human malarias in
that it has a 24-h erythrocytic cycle [10], which is a
characteristic that is likely to accelerate the development
of complications [2]. Information on the characteristics
of knowlesi malaria in humans, however, is restricted
to single case reports [3, 5, 7); our previous retrospec-
tive study.of 94 patients with uncomplicated cases, in

852 = CID 2009:49 (15 September) *+ Daneshvar et al
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which we described available data relating to dinical features
at presentation only [1}; and our report of 4 fatal cases {2].
We have, therefore, undertaken a detailed, systematic, prd-
spective study of the presentation and clinical course of patients
with a diagnosis of confirmed acute knowlesi malaria.

PATIENTS AND METHODS

Study site. This prospective study was conducted in the Kapit
Division, which has a total population of 109,000 pecple of
mostly Iban ethnicity [1]. A single World Health Organization
(WHO) level 2 hospital serves the Division, together with 3
polyclinics and 22 rural health clinjcs. Health policy mandates
that all patients with malaria are hospitalized until negative
blood smear results are obtained on 2 consecutive days. Treat-
ment for malaria is provided free of charge. '
Subjects. Recruitment was consecutive and took place dur-
ing 2 periods totalling 17 months from July 2006 through Feb-
ruary 2008. All nonpregnant patients aged =15 years who were
admitted to Kapit Hospital with a blood film result positive for
any Plasmodium species were eligible, provided that there was
no significant comorbid disease and that they had taken no
antimalarial treatment within the previous 14 days. Subsequent
confirmation of malaria species was determined by nested i:mly-
" merase chain reaction assays [1]. All patients provided wit-
nessed informed consent to the study procedures, which were
approved by the Medical Research Ethics Subcommittee of the
Malaysian Ministry of Health. In an initial 2-month pilot study,
most cases of B vivax and P falciparum infection were among
lopging camp workers returning from long periods in Oceania
or Equatorial Africa, respectively. Because the demographic
characteristics and background immunity of these patients were
significantly different from those of patients with knowlesi ma-
laria, their clinical and laboratory data are presented but are
not compared directly with data for patients with B knowlesi
infection,
Clinical procedures. Detailed demographic characteristics,
" history, and examination findings were recorded on a standard
form, A baseline blood sample was obtained for routine bio-
chemical and hematological testing, and regular monitoring of
temperature, blood pressure, and pulse rate was started. Treat-
ment was administered promptly according to the Malaysian
Ministry of Health Guidelines. Because there are no current
guidelines for P knowlesi malaria, the guidelines for P malariae
were used, Patients with uncomplicated knowlesi malaria re-
ceived oral chloroquine (25 mg base/kg over a 3-day period)
followed by primaquine (15 mg daily for 2 days) given as a
gametocidal agent. Oral and/or intravenous hydration was ad-
ministered at the discretion of the treating physician. Patients
presenting with or developing features of severe malaria were
treated in accordance with WHO guidelines [11] except that
the thresholds for hyperparasitemia and anemia were changed

to >100,000 asexual forms/uL of whole blood and <7.1 g of
hemoglobin/dL, -respectively, to allow for the low immunity
levels of the local papulation. If indicated dinically, patients
were transferred to Sibu Hospital for intensive care.

All patients were assessed clinically and by microscopic ex-
amination of blood films on each inpatient day. Additional
laboratory tests were performed as indicated by the clinical state
of the patient. Parasite clearance time and fever clearance time
were taken as the number of days to the first of at least 2 follow-
up assessinents at which the patient had negative blood film
results and was afebrile, respectively. When the patient was afe-
brile and had negative blood film results for 2 consecutive days,
additional blood samples were obtained for routine biochemical
and hematological tests before discharge. Patients returned on
the 28th day after hospital admission for clinical review and blood
tests. '

Laboratory procedures. Al blood films were examined by
2 experienced microscopists. The parasite density was first de-
termined at Kapit Hospital on the basis of the number of par-
asites per 500 white blood cells and the total white blood cell
count for each patient. Microscopic examination was repeated
in Kuching, with the second microscopist blinded to the initial
result. The mean of the 2 paraéite densities was used in data
analysis. Parasite DNA was extracted from blood spots that
had been collected on filter paper, and the Plasmodium spe-
cies was determined by nested polymerase chain reaction for
P falciparum, P. vivax, P. malariae, P. ovale, and P. knowlesi, as
described elsewhere [1, 12]. )

Hematological profiles were determined on site using semi-
auntornated methods (Sysmex model KX-21N). Serum sodium,
potassium, glucose, creatinine, bilirubin, alanine aminotrans-
ferase (ALT}), and albumin levels were either assayed on site
(AVL 9180 and Hitachi 902; Roche/Hitachi, Roche Diagnostics)
or serum samples were stored at —80°C before transfer on dry
ice to the Biochemistry Department, Fremantle Hospital (Free-
mantle, Australia), for analysis (Cobas Integra 800; Roche Di-
agnostics). An additional uncuffed blood sample was collected
into a chilled fluoride-oxalate tube, centrifuged immediately
and separated plasma stored at —80°C before transfer on dry
ice to Fremantle Hospital for plasma lactate assay {COBAS
INTEGRA 800). Other laboratory investigations, including
blood cultures, urine dipstick testing, microscopic examination,
and chest radiography were performed as indicated clinically.

Statistical analysis. Data were analyzed using SPSS soft-
ware, version 15.0 (SPSS). Normally distributed variables were
compared using the Student’s ¢ test or analysis of variance and

. the Scheffé post hoc test. All other data were analyzed using

nonparametric methods (the Wilcoxon rank-sum test or Fried-
man test). Proportions were compared with use of Fisher's exact
test. Multiple logistic or linear regression analysis using for-
ward conditional modeling was performed to determine baseline
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associates of complications or markers of severity, respective-

"ly. Plausible predictive variables with a statistically significant
{P<.05) univariate association with the specific severity out-
come were selected for inclusion in the model. These variables
were log-transformed prior te model entry if they were non-
normally distributed and a stepwise forward selection proce-
dure was then performed to identify the significant indepen-
dent associates in each case.

RESULTS

Baseline characteristics. The number of patients who par-
ticipated in the study in relation to all malaria admissions to
Kapit Hospital during the recruitment period is shown in figure
1. Their baseline demographic and clinical features are sum-
marized in table 1. P knowlesi infections were acquired locally

- by both sexes and across all age groups, with 93 (87%) of
patients reporting recent activities in the jungle or forest-fringe
in the Kapit Division. All regions along the Rejang River and
its associated tributaries were represented, and there was no
significant clustering of cases: Confirming our pilot study find-
ings, most of the cases of vivax and faleiparum malaria (31
cases; 69%) were tmported, and the numbers were relatively
small.

The overall median duration of symptoms prior to hospi-
talization was 5 days (interquartile range, 3-5 days), but 2
patients were unwell for >10 days before hospitalization. Symp-
toms were 1ypicaj1y nonspecific. Fever and chills were present
in almost all cases, and other frequent symptoms included ab-
dominal pain, breathlessness, and productive cough. Tachyp-
nea, pyrexia, and tachycardia were commaon clinical signs (ta-
ble 1).

The results of baseline laboratory investigations are sum-

marized in table 2. The level of parasitemia at hospital admis-
sion was relatively low in the P knowlesi group, but there was
z wide range that induded 3 patients (2.8%) with parasite
densities >100,000 parasites/ulL and 33 patients {30.8%} with
dengities <500 parasites/uL. The most common abnormal fab-
oratory finding was thrombocytopenia (<150,000 platelets/pL),
which was present in 104 patients (98%), with 31 (29%) of
107 patients having a platelet-count <50,000 platelets/uL. The
3 patients who did not have thrombocytopenia (155,000,
152,000, and 167,000 platelets/ pL) had low parasiternias (5, 126,
and 170 asexual forms/pL, respectively), and all became throm-
bocytopenic within 24 h (with nadir values of 96,000, 131,000,
and 112,00 platelets/uL, respectively). Lymphopenia was found
in 7 {6.5%) of patients at presentation, but all patients had
normal values by the time of hospital discharge. Anemia was
uncommon at hospital admission. Only 5 (4.6%) of the patients
had 2 hemaoglobin concentration <10 g/dL, whereas none of
the patients met the criteria for severe anemia. Mild hepatic
dysfunction, usually comprising an elevated serum ALT level
and a low serum albumin level, was relatively common. Mild-
to-moderate hyponatremia (range, 122-135 mmol/L) was evi-
dent in 29% of cases, afl of which responded to rehydiation
and antimalarial therapy.
On the basis of WHO criteria for severe falciparum malaria
[11), & (7.5%) of the patients with B knowlesi infection had
severe infections at presentation (table 3). The most frequent
clinical presentations of severe infection were respiratory dis-
tress (diagnosed in 4 patients on the basis of a respiratory rate
>30 breaths/min, oxyg:en saturation <94% by pulse oximetry,
auscultatory findings, and radiographic changes), hyperpara-
sitemia (3 patients), and jaundice (serum total bilirubin >43
pmol/L in 3 patients). There were 3 cases of renal failure (serum
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Figure 1. Fow chait showing patient recsuitment, exclusion, and follow-up in a study of human Plasmodium knowlesi infection in Malaysia.
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Table 1. Demagraphic and Clinical Characteristics of Patients Admitted to Kapit Hospital (Sarawak, Mataysia)
with Untreated Malaria Categorized by Plasmodivm Species

Plasmodium knowlesi

Plasmodium falcipsrum  Plasmodium vivax

Variable (n=107) {n = 24) =21 P

Age, years
Mean valye (+50) 44.9 + 14,94° 38.7 = 9.64 355 £ 10.61 .0og
Range 16-79 15-83 15-51

Male sex 56,15¢ 95.8 "100 <001

Iban ethnicity 91.6 958 76.2 D73

Qecupation < 00%
Farmer 49.5 4.2 8.5
Logging/plantation worker 27,15 91.7 71.4
Other 234 4.2 19

Self-reported previous malaria 26.2b° 75 57.1 <001

Pravious foreign travel 18.6%° T 714 <00t

Foreign travel within previous 4 waeks 0.9%¢ £33 52.4 <.001

Duration of iltness, median days (IQR) § (3-7) 2.5 (1-4.75) 3 {1-5) <.001

Symptem
Feverfchills 100 91.7 95.1 NA
Headache 94.49 875 524 NA
Rigors B89.7 79.2 B5.7 NA
Malzise 89.7 91.7 66.7 NA
Anarexia 83.2 70.8 52.4 NA
Myalgia g7.9 79.2 0.2 NA
Cough 56.1 54.7 -47.6 NA

" Nausea 56.1 875 28.5 NA
Vomiting 33.6 41,7 18.0 NA
Abdominal pain 523 375 23.8 NA
Diarthea " 29.0 475 333 NA

Clinical findings
Axillary temperature, median °C (fQR) . 37.6 (37.0-38.5) 37.8 [37.0-38.5) 37.0 (36.8) NA
Respiratory rate, median breaths/min (IQR} 26 {22-31) 25.5 (22.3-28.5) 27 (24.5~-29.0} NA
Pulse rate, mean beats/min (+S0) a5 + 186 99 + 17 97 £ 18 NA
Arteria blood pressure, mean mmHg {+ 5D} 8% * 1% 86 £ 9 Bgx 9 NA
Capillary refill time, medien secs {{QR) 2 (2-3) 2 (2-3) 2 (2-3) NA
Palpebie liver 243 29.2 16.7 NA
Palpable spleen 15.0 208 23.8 NA

NOTE, Data are percentage of patients, unless otherwise indicated. IQR, interquartile range; NA, not assessed; SD, standard

deviation.
® P<.05 vs P vivax.
b Pe.0V vs P falciparumn.
© P<.01 vs R vivax.

creatinine level =265 pmol/L despite fluid resuscitation), 2
cases of hypotension (systolic blood pressure <80 mmHg de-
spite fluid resuscitation), and 1 case of hypoglycemia (venous
plasma glucose level <2.2 mmol/L). There were no cases of
unrousable coma. A combination of features was present at
hospital admission in 3 patients. l

Clinical course. Clinical and parasitological outcoines to-
gether with changes in key hematological and biochemical var-
iables during hospitalization and at day 28 for patients with
knowlesi malaria are summarized in tables 4 and 5. There was
no clinical, laboratory, or radiclogical evidence of other infee-
tions or conditions at study entry, during hospitalization, ar at
follow-up that would have influenced outcome. When patients
with knowlesi malaria were discharged from the hospital, plate-

let counts had increased, and all patients had values that were
within the normal range by day 28. Most of the remaining
hematological and biochemical parameters had improved by
hospital discharge. Abnormal laboratory values had resolved in
all 87 patients with knowlesi malaria who attended for day 28
Ieview. '

Three patients, including 2 patients without complications
at hospital admission, developed respiratory distress (table 3).
A total of 7 (6.5%) of the 107 patients in the knowlesi group,
all of whom were female, presented with or developed respi-
ratory distress. Of those patients with evidence of severe know-
lesi malaria either at presentation or during treatment, 2 died
(table 3). Patient 1 had parasitemia at presentation (parasite
density, 222,570 parasites/pL), evidence of multiorgan failure,
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Table 2. Lahoratery Results for Patients Admitted to Kapit Hespital with Untreated Malaria Categorized hy Plasmodium

Plasmodium knowlesi

Plasmodium falziparum

Plasmodium vivax

Species
Variable ) Narmal range
Parasite count, parasites/ul. NA
Hemaglobin level, g/idL 11.3-16.7
White blood cell count, X 10° cells/pl 3.1-103
Neutrophil count, mean neutrophils X 1%L (xSD) 253
Lymphocyte count, X307 cellg/ul. 0.8-2.7
Platelst count, mean value X 107 platelets/pl. [=SD) 150~450
Prothrombin time, secs NA
Blood group G, % of patients NA
Serum ereatinine level, pnoll <133
-Serum sodium level, mmolL 136-152
Serum tota) bilirutin, ol <21
Saturn alanine aminotransferase level, UL <40
Serum albumin level, g/dL. 36
Sefum glucose level, mmalfL 4-8
Plasma lactate lavel, mmoliL. <2

n =107 - {n = 24) = 21)
1387 (6-222,570) 26,781 (1840-271,760) 4258 (324-32,132)
13.3 (12.0-14.3) 128 112.3-13.6) 13.5 (12.6-12.8)
5.6 4.7-7.0) &3 (5.3-8.6) 5.1 4.9-7.8)
37+18 46 24 46 + 23
1.5 (1.1-2.0) 1.0 (0.8-1.4) 1.0 (0.6-1.7)
M+ 38 108 * 52 118 + 31
13 (12-15) 15 (13-18) 12 (12-14)
28.0 125, 8.5
85 (72100} 9 (80-57) 83 (76-98)
137 {135-140) 138 +135-140) 138 135.5-141}
13 (918} 17 (12-22) 16 (10-21}
36 {25-54) 26 {2040} 27 33-55)
38 (33-39) 38 (35-41) a1 (39-46)
5.2 5.3-6.7) 6.4 (6.7-7.2) 6.2 {5.5-7.0}
1.6 [1.2-2:0) 1.5 (1.2-2.0) 1.6 {1.1-2.0]

NOTE. Unless otherwise indicated, data are median value {interquartile range}. NA, nct applicable.

hypoglycemia, and lactic acidosis. This patient died within 6 h
after hospital admission despite intensive treatment with in-
travenous quinine, broad spectrum antibiotics, and ionotropic
and ventilatory support. Patient 8 presented wi_th'symptoms
and signs of a right herniparesis and sensory inattention and
had a history of uncontrolled hypertension. The patient’s par-
asite density at hospital admission was 214,000 parasites/pL.,
She was treated with intravenous quinine but developed re-
spiratory distress that required mechanical ventilation. After
showing signs of improvement, she experienced neurological
deterioration on the seventh day of hospitalization and died
24 h later. No neuroimaging studies were possible.

Baseline P. knowlesi parasitemia, complications, and mark-
ers of severity. Patients reporting breathlessness or vomit-
ing had greater geometric mean parasite counts than did those
who did not report these symptoms (P = .025 and P = .038,
respectively). In a logistic regression model, presentation with
or development of respiratory distress was positively and in-
dependently associated with the admission In{parasitemia) and
inversely associated with the admission hemoglobin level (P =
.004 and P = .05, respectively). In multiple linear regression,
{1) In{parasitemia) and age were independent positive associ-
ates of Infadmission serum creatinine) {P<.001 and P = .007,
respectively), (2) In(parasitemia) and In{plasma glucose) were
independent associates of In(admission serum total serum bil-

_irubin) (P = .003 and P = .008, respectively), and (3) In{par-
asiternia) was an independent associate of the In{admission
platelet count) and absolute differences between day 28 and
hospital admission platelet counts (P = .002 and P = .004, re-
spectively). In other multivariate models, In{parasiternia) was
not an independent associate of the admission hemoglobin level
(P = 49) or sernm ALT level (P = .70). In receiver operating

characteristic curve analysis, parasitemia was a good predictor
of complications after excluding hyperparasitemia (area under
the receiver operating characteristic curve, 0.90 {95% confi-
dence interval, 0.82-0.98]; P« .001). The prespecified 100,000/
pL threshold was highly specific (specificity, 100%9) but had a
sensitivity of 30%.

DISCUSSION

The present study provides the first detailed, prospective eval-
uation of P. knowlesi infectiony in an area of Malaysian Borneo
in which it is the mast common locally acquired human ma-
laria. Although there were demographic differences between
the 3 groups of patients with malaria, there were no presenting
symptoms or, signs that distinguished knowlesi malaria from
“either falciparum or vivax malaria. Consistent with available—
albeit, incomplete—retrospective data [1, 2], most cases of
knowlesi malaria were uncomplicated and responded promptly
to treatment with chicroquine and primaquine, but compli-
cations developed in pearly 1 in 10 patients. Because the num-
ber of cases of severe knowlesi malaria was smali, an accurate
case fatality rate is difficult to ascertain, but the case farality
rate was 1.8% (95% confidence interval, 0.2%—6.6%) in our
sample. Malaria may have been a contributory factor rather
than the sole cause in our patient who presented with a stroke.
Nevertheless, B knowlesi infections occur in older as well as
younger adult patients in the Kapit Division, and the vital oz-
gan dysfunction caused by this parasite may unmask underly-
ing significant comorbidities. ‘

Despite the significantly lower peripheral blood parasitemia,
the patients with knowlesi malaria had clinical and laboratory
profiles that were largely siinilar ro those for patients with P
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Table 3. Details of Knowlesi Patients Presenting with (Patients 1-8} or Developing {Patients 9 and 18) Severe Malaria

Acute
pulmonary edema
Age, . Acute renal Severe or raspiratory
Patiant years Sex Hyperparasitenia Hypotension . bmpairment Jaundice Hypoglycemia Lactic acidosis anemia distress syndrome  Qutcome
1 68 F  Yes (parasite count, Yes (systolic blocd pressure, Yes {serum creatinine Yes {total serum  Yes {plasma glucose level, <i.1 mmel/l) Yes (plasma lactate No Yes Died
222,570 para- 80 mmHg) level, 320 xmollL] hilirubin, 45 lavel, 17.4 mmolL)
sites/pl) ' peacL)
2 36 M Yes (parasite count, No Yes {serum creatinine No No No No No Discharged
178,000 para- lavel, 385 zmallL)
sitesfply
3 B0 F No No No Yos (total serum No No No Yes Discharged
bilinubin, 87
armolfi)
4 71 M No Yes {systolic blood pressure, No Na Ne No No No Discharged
79 mm/Hg}
5 66 M No No No Yes (total serum  No No No No Discharged
- bilirubin, 66
amolft}
6 61 F No "No Na No No Na No Yes Discharged
7 69 F No No Yes (serum craatinine No No Nao No Yos Discharged
lavel, 418 pmoll) .
g 36 F  Yes [parasita count, No Nao Yos {total serum No Neo No Yes Died
214,000 para- bilirubin, 178
sitesful) oLy .
<] 73 . F No No No No No No Na Yes Discharged
10 54 F Mo No No Na No No No Yes Discharged

NOTE. Severe malaria was defined on the basis of World Haalth Organization criteria for severe falciparum malaria [11]. Hyperparasitemia was dsfined as >100,000 parasites/ul. Severe anemia was dsfined as hamoglobin
concentration <7.1 gfdL. Hypotenaion was defined as systolic bood pressura <80 mmHg; Acuts renal impairment was defined as a sarum creatinine level 265 prmol/L despite rehydration. Jaundica was defined as serum
bilirutin level »43 pmoliL. Mypoglycemia was defined a5 a serum giucoss lsvel <2.2 oVl Hyperlactasmia was defined as a lactate level »>8.0 mmolfL. Acute pulmonary edama of respiratary distress was defined as a
respiratory rate »30 breaths/min plus oxygen saturation <94% onh reom air andfor pulmenary infiltrates visible on a chest radiegraph.



Tahle 4. Measures of Qutcome in Patients Gategarized by Plasmodivm Species

Plasmodium knowlesi

Plasmodiurm falciparum

Plasmodium vivax

Variable {n =107 {n =24} {n=21
Fever clearance time, h 20 (12-31) 20 (11-37) 16 {4-28)
Parasite clearance time, days 1{1-2) 3 (2-3.759) 3 (2-3)
Duration of hospitalization, days® 334 4 [4-5) 4 (3-4)

NOTE. Data are median value {interquartile rangel.
* Excludes 2 patients who died and 2 patients with hospital admission and day 1 data only:

falciparum and P vivax infection, with- 2 wide spectrum of
illness. The most frequent complication in our cohort was re-
spiratory distress, which affected 1 in 15 patients. It is also a
relatively commeon sequelum of severe falciparum malaria {13},
Respiratory distress can reflect pulmonary edema, acute respi-
ratory distress syndrome, or metabolic acidasis. In our group,
a pulmonary, rather than metabolic, etiology was the main
cause, because we measured blood lactate concentrations and
had access to chest radiographs and pulse oximetry. The strong
association between parasitemia at hospital admission and the
development of respiratory distress in ouf patients suggests that
parasite-specific effects that increase pulmonary capillary per-
meability rather than iatrogenic fluid overload or the syndrome
of inappropriate anti-diuretic hormone secretion are respon-
sible, as in falciparum malaria {14]. Patients with falciparum
malaria who develop respiratory distress have a relatively poor
prognosis [13], and both of our patients who died developed
this complication. Respiratory distress has also been reported
_as a rare complication of vivax [15-17] and ovale (18, 19)
malaria. We cannot explain the disproportionate number of

Although the women in our cohort, compared with the men,
had lower serum albumin concentrations at presentation (34.5
g/L vs 38.0 g/L; P<.001), sex association has not been reported
in the case of the other human malarias and is likely ta be
attributable to the play of chance in the present study.

The P knowlesi parasitemia at hospital admission was also
strongly and independently associated with renal dysfunction,
and 3 patients developed renal failure despite resuscitation and
rehydration, As with respiratory distress, this is another com-
plication of falciparum malaria that could be mediated by the
parasite [20), although the microvascular sequestration that
may contribute to P. falciparum-associated renal dysfunction
[21] is not known to occur in P knowlesi infection. The presence
of P knowlesi parasitemia at hospital admission was also in-
dependently associated with the total serum bilirubin but not
serum ALT level. This could reflect relatively brisk hemolysis
associated with the short {24-h) erythrocytic cycle rather than
abnormal liver function, but the median parasiternia was low,
and there was no inverse assaciation with hemoglobin level at
hospital admission. It is still possible that hepatic dysfunction
is a relatively late vital organ complication of F, knowlesi malaria

female patients with this complication in the P knowlesi group.

Table 5. Changes in Laboratory Test Results between Hospital Admission and Discharge and Hospital

.Admission and Day 28 in Patients with Plasmoditm knowlesi Infections

Change from ‘Change from
hospital admission fiospital admission
to discharge 0 day 28
Variable in = 103 in = 87
Hemoglobin level, g/dL -~1.3 =+ 1.0 0+13
White blood cell count, 210 celisfpl} 01 £1.8 1.2 =217
Neutrophil count, median value X 107 cefls/uL (1QR) —0.6 (-1.5t0 0.6)° 0.6 {(—0.5 10 1.45)
Lymphocyte count, median value X 10° celisful {IQR} 0.7 (0.40-1.37 0.9 (0.4-1.5)°
Platelet eount, median value X 10° platelsts/ul (IQR} 65 (31-113) 2 184 (144-222
Serum creatining level, median gmol/L (IQR) —8.5 {-1910 1) -12 [-21 ta O)°
Serum sodiumn tevel, median mmol/L {{QR} 2 (0.1-5° 3 (08P
Serum total bilirubin, median gmol/L {(HQR) -6 {-15t0 -3 -7 (—12.91t0 —4.3?
Serum alanine aminotransierase level, median 1U/L [IQR) =1 {1010 1) —18 (—32.9 10 —4°
Serum albumin level, g/dL -10 + 2.8 4.8 + 4.19%
Serum glucose, median mmoliL, {1ORY {n = 56) -04(-1.11008 —06{-12110037"
Plasma lactate level, median mmol/L {IQR} {n = 56} 0.1{-05to 0.4) ~0.1 (—0.5 to 0.5}

NOTE.  Unless otherwise indicated, data are rean value + standard deviation. I0R, interquariile range.

2 P<.0.
b p< g5,
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