sia can develop, with an abscnce of circulating reticulocytes
and giant pronormoblasts in the bone marrow, without matur-
ing normoblasts. Hydrops feralis from transplacental infecdon
and usually eransitory hemnophagocytic syndrome are other
clinical disorders caused by B19 [3].

Parvovirus B19 transmission by blood products and
plasma derivates, such as albumin, clotting factor concen-
trates, and intravenous immunoglobulin (TVIG) has been
rcpétcdly demonstrated [4), Transmissibility in coagulation
products has occurred among patients who received heat-
treated, pastcur_iu:d, monoclonally purified and solvent-
detergent-treated concentrates {5]). Infection with B19 due
to transfusion with cellular blood products is a rare event,
but it hias been reported twice with red blood cells and once
with platelets (6-8]. We report a casc of a:myasthenic patient
with pure red cell aplasia ductoa parvovirus B19 infection.

CLINICAL CASE DESCRIPTION -

In 1997, a 29-yeac-old woman complained of intermit-
tent speaking difficulry (dysarthria). In April 1998, 10
days before the full-term delivery of her sccond healthy
baby, more severe symproms appeared, such as facial nerve
and oro-pharyngeal deficit and weakness of the arms and
legs. Ten days after delivery, the paticnt was admitted to 2
hospital for a typical myasthenic crisis with severc weak-
ening of respiratory muscles, requiring a respirator o
assist ventilation. Treatment was started with 4 consecu-
‘tive plasma exchanges and administration of corticos-
teroids and cholinesterase inhibitors {pyridostigmine bro-
mide) with marked clinical improvement. In August
1998, the patient withdrew from medical therapy, which

led 16 2 worsening.of symptoms and a new hospitalization
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in a different institution. There she was treated with
thcmpcuﬁc plasma exchanges using albumin as replace-
ment fluid. Medical treatment was started again. Oa
August 31, she had a decp vein thrombosis, treated with
IV heparin. On Seprember 3, she was admirted to the
Neurology Department of our hospiral. Ar admission, the
patient had normochromic-normocytic anemia (hemoglo-
bin [Hgb), 97 g/L), with normal platelet and white blood
cell counts. )

Two weeks later, ancinia worsened and was dssociated
with thrombocytopenia (Hgb, 81 g/L; platelets, 57 X 10%/L)
(Figure 1). Schistocytes were absent. A diagnosis of heparin-
induced thrombotytopenia was made. Heparin wpering was
started, and the platelet count improved. A few days later,

. since ancmia was still severe (Hgb, 80 g/L) and of an aregen-

crative type with an absence of reticulocytes, a bone marrow
aspirate was performed. This shiowed many moderate hiyper-
cellular marrow particles and-an increased number of mega-
karyocytes. An erythroid series was markedly hypoplastic
with complete marutative artest. The only visible erythroid
precursors were giant pronormoblasts with vacuolated deep

. basophilic cytoplasin, sometimes grouped in dusters simulat-

ing metastatc cells (Figures 2 and 3). Ancmia with severe

" reticulocytopenia and morphology of bone marrow sug-

gested a diagnosis of pure erythroblastopenia due to par-
vovirus B19 infecton, which was confirmed by positive tess
for IgM and IgG anti-B19 virus: Increased megakaryocytes

tended to confirm that thrombocytopenia was heparin:. -

indiiced. The patient was treated with immune globulin (0.4
g/kg For 4 days). Reticulocyrosis appeared on Seprember 30
(202 % 10°/L; normal values, 30-90 X 10°/L). Anemia recov-
ered slowly (Hgb, 92 g/L at discharge), and thrombocytope-
nia completely regressed. The patient was admitted again to

150 Diagnosis of B19 Infection I 120
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FIGURE 1. Hcmzlologia} values and dlinical course of the patient from admission (September 4, 1998) o d@_ﬁdugc SOC{obcr. 12 1998).
Triangle indicates platclet coung square, hemoglobin concentradion, ;
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HGURE 2. Basophili giant p blasc with pseudogodi

ot "dog ears.”

the hospital in May 1999 for surgical tesection of a thy-
mornia. At thar time, her full blood count was normal, IgM
anti-B19 was negative, and IgG and-B19 was still positive.

DISCUSSION

We described a case of pure red cell aplasia caused by par-
vovirus B19 in a paticat with myasthenia gravis ueated wich
plasma exchanges using albumin, corticosteroids, and
cholinésterase inhibitors. ’

Parvovirus B19 has 2 particular uop.ism for erythroid p‘ro-

" genitors. The cellular recepror for B19 is erythrocyte P anti-

gen, a globoside that consists of a'long-chain- fatty acid on a

ceramide back-bone structure with 4 sugar residues ending

with terminal N-acery] galactosamine. The P antigen is 2
common.crythrocytc and erythroblast antigen, and it is
cxprcsscd in almost all subjects. People-who Jack the P antigen

are resistant to infection {1). In this case, the patient had Py -

ph;'nor'ypc, which is the most common phenotype among
Caucasians (79%) and Africans (94%). P; phenotype is more

common among Asian people, such as Cambodians and Vier-
namese. {9). . . '

P antigen is also expressed-‘on megakaryocytes, endothe- -

lial cells, synovium, villous trophoblast celis of placental .tis-
Sues, fcfal liver, and heart cells..B19 infection may. also_be
responsible for Lhrombocytopgnia_, and megakaryocytes may

be lysed by restricted; expression of viral proteins in thé
_ absence of viral propagation [10]. In this case,. thrombocy-

topenia was heparin-induced, confirmed: by an-increase of

the pcrip}.\cral platelet count when heparin tapering was
. started (Figure 1) Heparin-induced [hromb'o{:yfopcnia is

more’often. reported after orthopedic, cardiac, of vasculat
surgery; but it may develop in any patient exposed to
unfractionated heparin or low molecular weight heparin

. [11]. Furchermore, the patient’s boric marrow shawed
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* pase:3, caspase-G, and ‘caspasc-8 in a cellularmodel {12,13)

_ FIGURE 3. A cluster of pronormoblasts with maturative arrest.

increased megakaryocytes, which tended to confirm thac
thrombocytopenia was heparin induced.

After binding with P-antigen, the virus enters the targeced
cells, probably because of the VP1 phospholipase activity, and
starts to synthesize viral components. It has been demon-
strated chat B19 is a potent inhibitor of erythroid cell diffec-
entiation, and it is cytotoxic-for erythroid precursors. It acts
by ‘inducing apoprosis through the-activation of the caspasc
pathway or direct lytic-cffect on erythroid cells. Apoprosis is
roediated by NS1 expression, which induces activation of cas-

The virus is also’ responsible for 3 cyropathic cffect on
cells causing a maturative-arrest in, the crythroid cell line, In
smears from bone marrow aspirate, the pathognomonic cell
for B19 infection is the giant proerythroblast, which is a
large cell, from 25.10 32 Um in diamerer, with 2 high
nucleo-cytoplasmic ratio; the nucléus is round and it has z
fine and uncondensed chromatin pattera with irregular,
indistinct pucple-colored inclusions. A giant procrythroblast
has a dark blue vacuolated eytoplasm with small broad-
based cytoplasmic pseudopodia, named “dog-car” projec-

tions. Sometimes they are grouped in clusters simulating

metastatic cells [14].-As shown in Figures 2 and 3, the
‘patient’s bonc»marr'ow was characterized by the. presence of
large numbers of these immaturé erythroid cells. This
accounts for anemia with severe reticulocytopenia; some-
times requiring red blood cell transfusions.

In patients with ‘chronic hemolyrjc disorders, such as

.. sickle cell diseasc and spherocytosis, B19 may cause transient

aplastic crisis characterized by aregencrative acute ancmia,
sometimes associated with pancytopenia. Persiscing B19
infection can occur in 2 wide variery of conditions, including
congenital immunodcficiencies, HIV infection, lymphopro-
liferative disorders, and transplantation. In these cases,
paticats may have chronic pure red cell aplasia and morc



rarely pancytopenia [15). In pregnant women, pzrvovxrus
B19 may be transmirted to the fetus and may lead to miscar-
tiage or hydrops fetalis {16).

Although the presence of giant proerythroblasts is sug-
gestive of B19 infection, the diagnosis should be made by
serological detection of antibodies or molccular detection
of viral components. Serological determination of antibod-
ies may be performed by enzyme-linked immunosorbent

assays that are able to identify IgM and IgG ancibodies. .

IgM antibodies remain detectable for 2 or 3 months follow-
ing the infection, as opposed to IgG antibodies which
appear 2 weeks after the infection burt persist for life.
Immunocompromised patients sometimes are not able to
produce IgM, and in these cases molecular tests, such as
direct hybridizacion and gcnc-amphﬁcanon methods, may
. be helpful to confirm a clinical suspicion [2].For our
- patient, tests gave positive results for IgG and IgM at the
_time of the diagnosis. Some months later, because of a fur-

ther admission, her test results for IgM anti-B19 were nega-

tive, while those for IgG anti-B19 were still posmvc At
* that time, molecular tests were not performed. .

In children and immunocompetent adults, B19 infection
does not require any tredtment. In patients with immunodefi-
ciencies or pure red cell aplasia, trearment with IVIG may. be

-helpful and should be associated with discontinuing immuno-
suppressive drugs. Generally 2 5- or IO'day course of IVIG (0.4

g'kg of body weight) causes a rapid virus elimination mocutcd )

with reticulocytosis and elevation of Hgb concentration [17):
B19 may be transmitted by respiratory droplets, but sec-
- ondary inféction among households and nosocomial infec-
tion have been described [18,19). B19 transmission by blood

“products and derivates, such as IVIG {20], solvent-deter- -
gent—treated pooled plasma [21], and cloning factor concen-

tiates [5] has been repeatedly demonstrated, even after viral
inactivatiori methods.
Bl9isan cnvc]op:-frcc virus and (hercforc resistant to

-solvent-detergent treatment. This treatment is effective .

for clearance of HBV, HCV, and HIV, but it is not effec-
tive.for HAV and B19, boch of which lack the envelope.
B19 Tresistance to heat is controversial. The virus is rela-
tively heat stable (21}, but Bliimel et al [22] showed that

pasteurization for 10 hours at 60°C rapidly inactivates.

B19. Although human B19 DNA content does not
‘reflect infectivity; we cannot.exclude’ the ‘possibility that
blood derivates, such as albumin, clot factors, and
immune globulin may be infectious. In_6ur patient, we
could not confirm whether an albumin-derived irfection
combined with™ concomitant immunocompromiscd
condition due to. myasthenia and immunosuppressive
teeatment was responsible For the discase. Blood compo-
nent B19 infection is still an untesolved problem. Many

strategies such as new methods for vital inactivation'and .
dxscardlng positive-B19 units [23- 25] may help to

increase blood product safety.
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Monkey Malaria

in a European
Traveler Returning
from Malaysm

Anu Kantele, Hanspeter Marti, Ingrid Felger,
Danta Miiller;-and T. Sakari.Jokiranta

In 2007, a Finnish traveler was infected.in Peninsular
Malaysia with Plasmodium knowlesl, a. parasite that usually
causes malaria in monkeys. P. knowlesi has established it- -
self as the fifth Plasmodium species that can cause human
malafia. The disease Is:potentially life-threatening in hu-
mans; clinicians and laboratory persannel should become

. “more aware of this pathogen in-travelers, -

raditionally, only 4 Pla.smadmm :species have been
known to cause malaria in- humans P falciparum, P.
vrvax, P. ovale, and-P. malariae, although >26 Plasmodi-

“um species are known g circulate among primate popula-

tions (7). Some: of thcsc species’ have been- lmphcated in
symptomauc human malarxa affer: expenmcntal or acciden-
tat infection @) Only a-few TEports of naturally acquired
monkey malari humans are; currently available (7,3-9).
The lack of da ‘be becausc light mlcroscopy has been
izsed as the sole diagnostic miethod and an atyplcal Plasmo:

" dium species may have bccn mlsndcntlﬁcd as'one of the 4

‘traditional Plasnioditin’ specms causing human malaria.

P. knowlesivas first descnbcd in'1931 in.along-tailed
macaque imported from Singapore to India; in 1932, P.
knowlesi was expcnmemally 'shown' to be infectious to

- humans (10) The ﬁrst ‘atural infection of P. knowlesi in-.

humans was rcponed in 1965-in o man returning.to the

_ United States after a visit to I’cnmsula.r Malaysia (/7). Sub-

sequently, il 1971, there was a report-of a presumed natu-
- tal infection in a citizen of Malaysia (6). Despite extensive
studies in Malaysxa ini the 1960s (2),-no other reports were
published on naturally acquired P. knawle:l infections in
humans until 2004, when Singh et al. ‘studied PCR-negative

Lo P imalariae cases in the Kapit division in Sarawak, Malay-
csia{3). A different PCR analysis-showed that P, Icnawle:l.
caused 58% of the 208 malaria casés sludlcd Further cases
reponed from Chlna (4) ThallanJ(f) I’hlhppmcs @), and .

iy doxycvcllnc for a total 'of 10 days.
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Singapore (/2) show that 7. knowlesi infections in humans
are not found exclusively in Malaysia. Recently, Cox-Singh

et al. reported that P. knowlesi is widely distributed among

inhabitants of Malaysia (7).

The Study

A 53-year-old Finnish man was admitted to a local
hospital in Finland in March 2007 with fever after 4 weeks
of travel in. Peninsular Malaysia, He had not taken any an-
timalarial prophylaxis. ln Malaysia, he sperit 2 weeks in
Kuala Lumpur and made a few day trips to surrounding ru-
ral arcas. Thereafter, he traveled by car to the northwestern
coast and stayed for § days in the jungle =80 ko south of
Ipoh. While in this arca, he slept in'a house without mos-
quito screens or nets and did not use any repellents;he did
not report any mosquito bites. The last woek of his travel
was spent in the Langkawi Beach area where he stayed at
a lngh-quahty hotel.-During his trip he occasionally had
some minor abdominal problems, but these symptomis sub-
sided spontaneously afler his return to Finland. High fe-
ver (38 8:C axtllury temperature) occurred 3 days afler his
retom’ to Finland but abated quickly. On thefourth day,

. the fever rétumed and he sought .medical care at‘a local

hospllal Laboratory. tests showed the followmg results:
C-reattive protein:2.0:mg/dL (normaj range™<I, ‘mg/dL), -
hermoglobin 15.2 g/dL (normal range 13.4-16.7 _dL), leu-
kocyte count 2.6 x 10%/L (norfinal range 3. 48 2% 10%L),
and thrombocytes 143. % 10°/L (noumial range 150—360 x
IO'/L) Blood smear was pasitive for Plagmodinm argan-
isms, and:the causative agent was identified dsiP. Jalci-
paruri wilh levels of parasnemla <1.0%. The patient was
admitted to the hospital and given intravenous (lV) quinine
dlhydrochlondc and oral doxycyclmc )
On day 2. of the patient’s hosgital stay, fcver rctumcd
and he was transtcrred to the Helsinki. University Central
- Hospital (Depar!ment of Infectious : Diseases at -Aurora
Haspital). Blood smears obtained therc howed Plasniodi-
wm parasites that were considered atyplcal and the labora-
‘tory reported suspicion of d co-infection (: falczpa: um and
P. malariae) (I‘lgurc) The IV quininc dihydrochioride was
replaced with oral quininc hydrochlorule -and.doxycycline
was continued. During treatment, Lhc patient. expcrienced
.an attack ‘of hypoglycemia (electrocardiogram. and blood
pressure was normal during this attack), trangient mild vi--
‘sual and heaung loss, and transient lymphopenia- (a low
.of 0.46.x LO%L). He received quinine hydrothondc and

“Because identification of the “Plasmodiun specics was
dlﬂlcull a blood sample was drawn for PCR analysis on
day 2of hospxtahzu(mn First, a nested PCR was performed
accorditig 10 a. standard pratocol svith rOval and LU

. primers (template DNA purified in Basel rom 200 pl. of
- erythrocytes by QlAamp DNA Mini Blood Kit (QIAGEN,
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Flgure, Microscopic findings in the thin blood smears-of a patient -
- with -Plasmadium knowlesi malaria. Early fing . forms ‘are shown -

in thé first row, later trophozoites in‘the ‘secorid -and:third rows;

Monkey. Malaria in Traveler

Helsinki, Finland) (/3,/4), but the reaction did not yield
any amplification product. Nested PCR was repeated with
an altemative primer pair (fPLUG and rPLU2) (/4) derived
[rom a conserved region of the 185 rRNA marker gene, and
an amplicon was obtained. Failure of PCR amplification has
been reported for some P. ovale isolates (75); therefore, a
P. ovale jnfection was suspected, and the patient was given
primaquine. phosphate for {4 days as an outpatient to eradi-
cate possible liver hypnozoites. The PCR product was sub-
jected to direct nucleotide sequencing (GenBank accession
no, FJ009511) and found to be identical to 2 P, knowlesi se-
quences previously submitted to GenBank, 1 human isolate
from Malaysian Bomeo (AY327556) and a Macaca -

latta isolate from Columbia (U72542). Six other published - -

P. knowlesi sequences differ from our sequence only by 1
nucleotide (99% identity). In contrast, a number of. differ-
ences were seen between.our sequence and the P. ovale

- sequences (15). The sequence from-our case showed only
50% identity to the ovale primer; thercfore, we concluded

that our paticnt was infécted with P. kngwlesi. During the

Alz-month follow-up pcnod the patient showed no sxgns of
relapse. )

Conclusions.

We suggest that P. quawle.w mfcctwn should be con:

sidered in.malaida patients who have a histéry of a travek.to
forested areas in Southedst Asia, especially if 7. malariae

- malaria is dmgnosed or atypical plasmodia are seetr, with

microscopy. The asexual stages .of various species of P.
knawlesi can easily-be misidentifiedas P. malariae in light
mlcroscoplc examination (Figure) (3,7,10). Because most

. labordtones dxagnose malaria by llgh( microscope

- casnly m(sdlagnosed as a less severe form of malana

trophozoites resembling band. farms in the fourth row, arid p
early gametocyles or schlzonls ih the fifth row Size of the infected
erythrocytes is normal. Antimalarial medications, given 8-hours
before the blood shown in.the:smear was drawn, could have
affected morphology. (Original magnification x1,000.)
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