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ALARIA most commonly presents as an
acute systemic, febrile illness but may man-
ifest more indolently as chronic anemia,

glomerulonephritis, or tropical splenomegaly syn-
drome (or hyperreactive malarial splenomegaly) due
to 

 

Plasmodium falciparum, P. vivax,

 

 or 

 

P. malariae.

 

1

 

Although all the major malaria parasites of humans
cause acute illness that may be accompanied by sple-
nomegaly, 

 

P. malariae

 

 is the only one recognized to
cause asymptomatic infections that can last decades.

 

1

 

Asymptomatic 

 

P. malariae

 

 infections are typically
associated with very low levels of parasitemia and
normal physical examinations,

 

2,3

 

 and they generally
come to medical attention when malaria is transmit-
ted by transfusion

 

2,3

 

 or a recrudescence is induced
by splenectomy performed for reasons unrelated to
malaria.

 

4

 

We report a case of malaria due to 

 

P. malariae

 

 in
a 74-year-old woman from Greece whose illness was
reactivated after decades of latency. All manifesta-
tions were reversed with a three-day course of chlo-
roquine. Although thick and thin peripheral-blood
smears were repeatedly negative, a nucleic acid–based
assay detected the infecting species of malaria para-
site. Since malaria was eradicated from Greece by
about 1950, the patient’s infection most likely lasted
more than 40 years, possibly as long as 70. Symp-
toms of malaria began after asymptomatic spleno-
megaly was mistaken for lymphoma and she was
treated with methotrexate. The fevers were in a quar-
tan pattern (recurring every 72 hours). As Hippocra-
tes wrote, “The least dangerous of all [fevers], and
the mildest and most protracted, is the quartan.”

 

5

M

 

CASE REPORT

 

In 1994, splenomegaly was documented in a 72-year-old wom-
an from the Greek island of Karpathos during a routine examina-
tion (her first in many years). The woman felt healthy, had no
constitutional symptoms, denied ever having malaria, and had
never traveled outside of Greece. At a hospital in Athens in Sep-
tember 1995, ultrasonography and computed tomography of the
abdomen showed an enlarged spleen but no other abnormalities;
the spleen measured 21 cm. The patient was given a diagnosis of
lymphoma and advised to undergo splenectomy, which she de-
clined. In October 1995, she was treated with oral methotrexate
(10 mg per day for 10 days). After seven days, rigors, headache,
and fever (temperature of up to 39°C) developed that recurred in
a quartan pattern for five cycles and that resolved after the meth-
otrexate was stopped. Evaluation, including several blood films,
provided no explanation for these symptoms.

When the woman was evaluated for splenomegaly in our clinic
in February 1996, she denied all symptoms of illness. The physical
examination was normal, except for a nontender, firm spleen ex-
tending 14 cm below the costal margin. Relevant laboratory data
are shown in Table 1. The results of hemoglobin electrophoresis
were normal, and glucose-6-phosphate 1-dehydrogenase levels
were normal. Renal function and liver function, assessed by serum
chemical analyses, were normal, as were the results of urinalysis.
Serum IgG levels were elevated (Table 1). Serum levels of IgM
were low (35 mg per deciliter). Five thick and five thin blood
films obtained over a two-week period were negative for plasmo-
dium species (more than 500 fields per slide were examined, cor-
responding to a finding of fewer than 2 parasites per microliter of
blood). 

The patient was given a conventional three-day course of chlo-
roquine. One month later the spleen was no longer palpable; at
six months, the size of the spleen was normal (13 cm) on ultra-
sonography. The patient’s older sister reported that the patient
had had malaria at approximately three years of age (around
1925) that was never treated and that spontaneously resolved.

In May 1997, one year after chloroquine treatment, we reevalu-
ated the patient. She continued to feel clinically well and had
gained 10 kg (22 lb). No abnormalities were found on physical ex-
amination. The spleen was no longer palpable, and ultrasonogra-
phy confirmed that the spleen was of normal size (13 cm in the
longest axis). Indirect immunofluorescence showed that antibodies
against 

 

P. malariae 

 

had declined by a factor of 4 (Table 2). Serum
IgG and hemoglobin levels had returned to normal (Table 1).

 

METHODS

 

The study was approved by the Johns Hopkins Medical Insti-
tutions Joint Committee on Clinical Investigation and the Na-
tional Institutes of Health Human Subjects Committee. The pa-
tient gave written informed consent.

Antibodies against all four malaria parasites of humans were
measured by an immunofluorescence assay at the Centers for Dis-
ease Control and Prevention, Atlanta.

 

6,7

 

 The presence of 

 

P. ma-
lariae

 

 was evaluated by determining the species-specific sequence
of an 18S ribosomal RNA (rRNA) in blood samples from the pa-
tient. This test can detect one plasmodium cell in 500 

 

m

 

l of whole
blood.

 

8

 

 Parasite rRNA was reverse transcribed into single-strand-
ed complementary DNA that was then amplified with the poly-
merase chain reaction (PCR), as previously described.

 

8

 

 The de-
sign of the PCR primers was based on highly conserved sequences
in the 18S rRNA gene from the genus plasmodium: 5

 

�

 

 primer 841
(5

 

�

 

GAACGAGATCTTAACCTGC3

 

�

 

); 3

 

�

 

 primer 844 (5

 

�

 

TAITG-
ATAAAGATTACCTA3

 

�

 

). The resulting products were separated
by electrophoresis and Southern blot hybridization with a 

 

32

 

P-
labeled oligonucleotide probe specific for 

 

P. malariae

 

 rRNA
(5

 

�

 

TTTCACTTAAGAATATAGTGTATT3

 

�

 

). Amplified DNA frag-
ments of rRNA were cloned as described previously.

 

8

 

 DNA se-
quencing was done manually by a modification of the dide-
oxynucleotide termination method of Sanger (Sequenase 2.0,
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U.S. Biochemical, Cleveland). The sequence of the 

 

P. malariae

 

rRNA fragment reported here has GenBank accession number
AF014942.

 

RESULTS

 

Five specimens of whole blood, collected in citrate
and simultaneously used for blood smears, were ob-
tained over a two-week period and stored at 4°C.
Thin and thick smears of all specimens were nega-
tive. Reverse-transcription (RT) PCR with genus-
specific primers for plasmodium 18S asexual-stage
rRNA was performed on total RNA extracted from
50 

 

m

 

l of whole blood. A Southern blot of the am-
plified DNA was hybridized with an internal probe
specific for the 

 

P. malariae

 

 18S rRNA gene (Fig. 1).
Two of five specimens showed the presence of 

 

P. ma-
lariae

 

 rRNA, suggesting that the degree of para-
sitemia was most likely near the limit of detection.
Sequence analysis of PCR-amplified DNA fragments
from the patient’s specimens further confirmed the
presence of an infection with 

 

P. malariae

 

 (Fig. 2);
the sequence amplified from the patient differed
slightly from another 

 

P. malariae

 

 sequence deter-
mined in our laboratory (GenBank accession num-
ber U78741). 

Two specimens obtained one month after chloro-

quine treatment were negative on the basis of
both ethidium-stained agarose-gel fractionation and
Southern blot hybridization of RT-PCR products.
An indirect immunofluorescence assay showed high
titers of antiplasmodium antibodies, highest against

 

P. malariae,

 

 which had declined to one fourth of
that level one year after chloroquine treatment
(Table 2).

 

DISCUSSION

 

This case demonstrates that 

 

P. malariae

 

 can cause
prolonged asymptomatic infection that can reacti-
vate decades after the initial infection and manifest
as an indolent illness associated with insidious weight
loss, splenomegaly, anemia, and hypergammaglobu-
linemia. On the basis of documentation provided by
the World Health Organization (Dzenowagis J: per-
sonal communication) and others,

 

9,10

 

 the transmis-
sion of malaria was essentially eradicated in Greece,
including Peloponnesus and Karpathos, by the early
1950s. Thus, the patient had most likely had this in-
fection for more than 40 years. The clinical history
suggests that her infection could have lasted about
70 years.

Although long-term asymptomatic infection with

 

P. malariae

 

 is a well-recognized clinical entity, this
case has a number of unusual features. First, the in-
fection was suspected on the basis of the finding of
splenomegaly; patients with chronic 

 

P. malariae

 

 typ-
ically have normal physical examinations.

 

2

 

 In con-
trast, acute malaria due to any of the four malaria
parasites of humans is often associated with spleno-
megaly, which is also common in regions in which
malaria is endemic among residents, with chronic or
recurrent malaria due to 

 

P. falciparum

 

 or 

 

P. vivax.

 

Second, despite the fact that more than 10 blood
smears were negative over a period of more than 15
months, we were able to detect the infecting species
of malaria parasite using an RT-PCR assay that pro-
vides a species-specific diagnosis. Third, serologic anal-
ysis was useful in confirming the clinical diagnosis of
malaria. Typically, the indirect immunofluorescence
assay is helpful for excluding the diagnosis of malar-
ia; a positive titer does not confirm current infec-
tion, but rather that infection has occurred at some
time in the past.

 

11

 

Finally, that the patient’s methotrexate treatment
induced a malarial quartan fever seems certain: she
had never had acute symptoms of fever or malaria
previously, the symptoms disappeared soon after the
methotrexate was stopped, and the pattern of fever
was characteristic. Curiously, methotrexate is lethal
to malaria parasites

 

12

 

; the blood levels of methotrex-
ate must have been sublethal to the parasite in our
patient but presumably sufficient to interfere with
cell-mediated immunity, as occurs, for example, in
rheumatoid arthritis and systemic lupus erythemato-
sus.

 

13

 

 Because neither antibody titers nor antibody

 

T

 

ABLE

 

 1.

 

 L

 

ABORATORY

 

 D

 

ATA

 

 

 

BEFORE
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AFTER

 

 
C

 

HLOROQUINE

 

 T

 

REATMENT

 

.

 

V

 

ARIABLE

 

B

 

EFORE

 

C

 

HLOROQUINE

 

O

 

NE

 

 Y

 

EAR

AFTER

 

C

 

HLOROQUINE

 

Hemoglobin (g/dl) 12 14

Mean corpuscular volume (f l) 85 86

Platelets (per mm

 

3

 

) 191,000 230,000

Serum IgG (mg/dl) 2,120 1,240

*A titer greater than 1:64 is considered positive.
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RESENCE

 

 

 

OF
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NTIPLASMODIUM

 

 A

 

NTIBODIES

 

 

 

IN
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P
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’

 

S

 

 B

 

LOOD

 

.*

 

P

 

ARASITE

 

B

 

EFORE

 

 
C

 

HLOROQUINE

 

O

 

NE
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EAR

 

 

 

AFTER

 

 
C

 

HLOROQUINE

 

titer

 

P. vivax

 

1:4096 1:256

 

P. falciparum

 

1:65,536 1:16,384

 

P. malariae

 

1:262,144 1:65,534

 

P. ovale

 

1:1024 1:256
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specificities would be expected to change within one
week after immunosuppression induced by treat-
ment with methotrexate, the rapid appearance of ma-
laria symptoms after the administration of metho-
trexate suggests that cellular immunity contributed
to the control of 

 

P. malariae

 

 infection in this patient.

 

P. inui, a quartan-malaria parasite of monkeys thought
to be analogous to P. malariae, has been reported to
recur as a consequence of T-cell immunosuppression
due to infection with the simian immunodeficiency
virus.14 In contrast, neither the severity nor the fre-
quency of illness due to P. falciparum, the lethal ma-
laria parasite of humans, seems to be exacerbated by
T-cell immunosuppression from concomitant infec-

tion with the human immunodeficiency virus,15-17

despite data from murine models of malaria suggest-
ing that T cells are central to both induction and
effector mechanisms of naturally acquired protec-
tion.18,19

The differential diagnosis was difficult in this case,
especially given the paucity of systemic manifesta-
tions. In the tropics, a finding of splenomegaly has
a broad range of diagnostic possibilities.20,21 Con-
sideration in the present case was given to whether
tropical splenomegaly syndrome (also known as hy-
perreactive malarial splenomegaly)22 was present. This
syndrome is characterized by fever, anemia, weight
loss, abdominal discomfort, and lassitude. Laborato-

Figure 1. Identification of 18S Plasmodium Ribosomal RNA from Whole-Blood Specimens from the Patient by Staining
with Ethidium Bromide (Panel A) and Southern Blot Hybridization (Panel B).
Total RNA was extracted from control laboratory specimens of malaria parasites (lanes 3, 4, 5, and 6) and five serial
blood specimens obtained from the patient before chloroquine (CQ) treatment (lanes 7, 8, 9, 10, and 11) and one year
after treatment (lanes 12 and 13). The RNA was subjected to reverse transcriptase (RT) PCR as described in the Methods
section. In Panel A, ethidium bromide staining of agarose gels shows the presence of P. malariae ribosomal RNA in
two specimens from the patient. In Panel B, Southern blot hybridization with a 32P-labeled P. malariae–specific oligo-
nucleotide probe again shows the presence of P. malariae ribosomal RNA in two specimens from the patient. Lane 2
shows a negative control for identifying genomic-DNA contamination.
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ry hallmarks include abnormal results of liver-func-
tion tests, elevated IgM levels, and hepatic sinusoi-
dal lymphocytosis.22 Our patient had normal liver
function and low rather than elevated serum IgM
levels; a liver biopsy was not performed. Given the
absence of clinical signs and symptoms, normal liver
function, and low IgM levels, we conclude that this
patient did not have tropical splenomegaly syn-
drome.

The epidemiologic importance of subclinical par-
asitemia is unclear and has not been well studied.
A person may be asymptomatic while parasitemic
and can be a source of transmission to mosquitoes
and, hence, to other humans in a local population.
Recent data indicate that more residents of regions
in which malaria is holoendemic are continuously
parasitemic (with P. falciparum) than the results of

conventional microscopy would suggest; many such
people carry subclinical infections demonstrable only
by PCR.23 Subclinical carriers of malaria parasites
may not be important in terms of transmission at
any one time, since some critical level of gameto-
cytemia, perhaps even at a subclinical level, is neces-
sary. If the level of gametocytemia rises to levels in
which transmission to mosquitoes is possible, how-
ever, malaria could be reintroduced into an area where
it was once eradicated if anopheles mosquitoes are
still present. Such a reintroduction of malaria oc-
curred years after documented eradication in the
West Indies.24 A highly sensitive assay such as the
one we used may be a useful adjunct to serologic
analysis in screening people for persistent malaria in-
fections in a region where transmission of the disease
has been eliminated.

Figure 2. The Plasmodium Asexual-Stage 18S Ribosomal RNA Gene (Panel A) and Sequence Analysis of the Plasmodium 18S Ri-
bosomal RNA Gene DNA Fragment Amplified from the Patient’s Blood Specimen (Panel B).
In Panel A, primers 841 and 844 amplify a region composed of sequences that differ in size and base composition among the four
malaria parasites of humans. In Panel B, the sequence amplified from the patient’s blood was compared with known sequences
of P. malariae (previously amplified in our laboratory), P. ovale, P. falciparum, and P. vivax. The underlined sequence indicates the
target of the P. malariae–specific oligonucleotide probe used for the Southern blot hybridization.
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