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Autoantibodies, immunoglobulins, complement and
circulating immune complexes in acute malaria

K. N. JHAVERI, K. GHOSH, D. MOHANTY, B. D. PARMAR, R. R. SURATI,
H. M. T. CAMOENS, S. H. JOSHI, Y. S. IYER, A. DESAI, S. S. BADAKERE

ABSTRACT
Background. Malaria caused by Plasmodium vivax and

Plasmodium falciparum is common in the Indian subcontinent.
Studies conducted elsewhere have suggested that malarial
infection causes intense immunostimulation. We screened
patients with malarial infection for autoantibodies and mea-
sured the immunoglobulin, circulating immune complex and
complement levels to detennine the extent of immunological
alterations in these patients.

Methods. One hundred adults with acute malarial infection
confirmed by examination of the peripheral blood smear and
25 age- and sex-matched controls were studied. An autoanti-
body screen and serum immunoglobulin complement (CS and
C4) and circulating immune complex levels were measured at
the time of admission and 4 weeks after they became afebrile.
A direct Coomb's test was also done.

Results. Anti-ssDNA, anti-dsDNA and rheumatoid factor
were positive at the time of admission in 51, 30 and 38 patients
respectively. None of the controls were positive for these
autoantibodies exceptfor one who was positive for rheumatoid
factor. The IgM, IgG and IgA levels were raised in 16,25 and
36 patients respectively. Circulating immune complex levels
were raised in 32 patients and complement C3 and C4 were
low in 8 and 31 patients. Follow up studies at 4 weeks in 19
patients showed that the autoantibodies were negative. How-
ever, the immunoglobulin, C4 and circulating immune complex
levels remained elevated. Six per cent of patients had a
positive direct Coomb's test with reticulocytosis at the time of
presentation.

Conclusion. Acute malarial infection can cause false-posi-
tive results for anti-ssDNA, anti-dsDNA and rheumatoid factor
and may also cause a rise in the serum immunoglobulin,
complement and circulating immune complex levels.
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INTRODUCTION
Malaria is a common problem in India. In recent years there has
been a worldwide increase in its incidence. IMalarial infection has
been shown to cause an intense immunological stimulation in the
host resulting in false-positive tests for other common infections
such as typhoid' and syphilis.' There is also a paucity of data on
the degree of increase in serum immunoglobulins, consumption
of complements and the amount of circulating immune complexes
in acute malarial infections. We investigated the frequency with
which commonly used serological tests for autoimmune disorders
(rheumatoid factor, anti-DNA antibody) become positive in acute
malarial infection. We also measured the levels of serum immuno-
globulin, complement and circulating immune complexes in
patients with acute Plasmodium vivax and Plasmodiumfa icipa rum
malaria.

PATIENTS AND METHODS
One hundred adult patients aged between 18 and 55 years (68
males, 32 females) attending the New Civil Hospital, Surat who
presented with fever associated with chills and rigor for 3-8 days
and had demonstrable malarial parasites on peripheral blood
smear were included in the study. None of the patients had had any
febrile illness 6 months prior to the index episode. They had not
received any vaccination during the previous 6 months and did
not give a history of high-risk behaviour.

A detailed history and clinical examination was obtained. In
patients with cerebral malaria, the Glasgow Coma Scale was used
to ascertain the level of consciousness.

A full blood count, routine biochemistry, urine analysis and
chest X-ray were done in all patients. At the time of admission,
5 ml of venous blood was collected in EDTA and 10 ml in a plain
tube (for separating serum). Twenty-five age- and sex-matched
adults were taken as controls. They had not had any febrile
episode in the past 6 months and were not taking ~ny medication.

The direct Coomb's test (DCT) using polyvalent Coomb's
reagent (Span Diagnostics, India) was done using EDTA blood.
The circulating immune complexes were measured by polyethyl-
ene glycol (PEG-6000; Loba Chern, Mumbai), C3 and C4 levels
were estimated by single radial immunodiffusion (SRID; anti-
sera from Berhing Wercke, Germany) and the serum immuno-
globulin levels were estimated by ELISA (Boehring Diagnostics,
Germany). Rheumatoid factor was assessed by Latex agglutina-
tion (Span Diagnostics, India). Anti-dsDNA and anti-ssDNA
were assessed by micro-haemagglutination tests with natural (S I
nuclease treated) and heated highly polymerized calf thymus
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TABLEI. Rheumatoid factor, anti-ssDNA, anti-dsDNA, C3, C4 and circulating immune complexes in patients with acute malaria at the
time of presentation

Category (n) RF anti-ssDNA anti-dsDNA IgG (mg/dl) IgA (mgldl) IgM (mg/dl) C3 (mg/dl) C4 (mg/dl) CIC (PEG units)

Controls (25) I 0 0 758:t 500 114:t 149 76:t 31 82.90:t 6.5 35.9:t 7.1 62.8:t 33.5

All patients (100) 38 51 30· 1429:t 773· 370:t 366 95:t 47 76.53:t 21.9 21.9:t 8.S- 116.3 :t 80.5-

Complicated fa1ciparum (33) 13 19· 14- 1511:t 884- 355:t 365- lOO:t53 72.50:t 24.6 22.4 ± S.9· 126.6:t 100.3"

Uncomplicated falciparum (36) 13 12· 0 1269:t 618- 371:t315- 86:t 33 SO.14:t 21.4 20.7:t S.6- 124.9 ± 58.5-

Plasmodium vivax (31) 12 20- 16- 1421:t 701- 394± 427- 95:t 48 80.24± 16.3 19.9:t9.1* 91.2:t 51.9

RF rheumaloid faclor CIC circulating immune complexes ·Co""ared 10normal controls p<O.OS (Sludenl's t-test)
Immunoglobulin. complemenl and CIC levels are given as mean ±2 Ilandard devialion

DNA (Sigma Chemicals, USA). All these tests were repeated 4
weeks after the patients became afebrile. Statistical analysis was
done using the Chi-square and Student's t-test. After collection
of blood samples, all patients were treated with chloroquine or
quinine. Two patients received mefloquin as they did not respond
to quinine.

RESULTS
Thirty-three of the 100 patients had complicated falciparum
malaria (CPF); 31 had cerebral malaria and 3 had jaundice (one
patient had both). Thirty-six patients had uncomplicated falciparum
malaria (UPF) and 31 patients had P. vivax infection. Three
patients with cerebral malaria died. Both hepatomegaly and
splenomegaly were present in 64 patients at the time of admission
and all the patients were anaemic (haemoglobin 7.9±3.1· gldl;
range: 5-10.5 g/dl). The reticulocyte count ranged from 1% to 9%
but patients who had a positive Dcr had a reticulocyte count
ranging from 4% to 9%. None of the patients with P. vivax
infection were Dcr -positive; 4 oul of3 3 (12%) patients with CPF
and 2 out of 36 (6%) patients with UPF were Dcr-positive.

The results of rheumatoid factor, anti-ssDNA, serum C3 and
C41evels, and circulating immune complexes in the patients at the
time of admission and controls are shown in Table 1.The rheuma-
toid factor was positive in about the same proportion of patients
with CPF, UPF and P. vivax and in only 1control (p<0.01). Anti-
ssDNA antibody was positive in 51 patients with malaria and anti-
dsDNA was positive in 30 (p<0.05).

Compared to normal controls, 16 (p<0.05), 25 (p<0.05) and 36
(p<O.OI) ofthe patients had higher serum IgM, IgG and 19Alevels
at the time of admission. The rise of serum 19M was more
pronounced in those with CPF than in UPF (Fig. I).

Of the 69 patients with P.falciparum infection 26 (38%) had
raised levels of circulating immune complexes while only 4
(14%) of the 31 with P. vivax infection had raised levels (Fig. 2).

Eight (all with P. falciparum malaria) and 31 patients had
reduced levels ofC3 and C4, respectively (Fig. 3). C41evels were
reduced in 17 (25%) patients with P.falciparum and 14 (43%)
patients with P. vivax infection. Half the patients with reduced C4
levels were also positive for rheumatoid factor.

The autoantibody screen and serum immunoglobulin, comple-
ment and circulating immune complex levels were done in 19
patients, 4 weeks after the patients became afebrile.

The autoantibody screen was normal in all the patients except
in one who was positive for rheumatoid factor. However, 21% of
patients had higher levels of circulating immune complexes
(10 1.4±47.5 PEG units) than that of controls. The immunoglobu-
lin levels were still raised. Though the C3 levels returned to
normal in all the patients (62±5.2 mgldl), 10% of patients still had
reduced C41evels (24.9±11.5 mgldl).
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FIG1. Scattergram showing serum immunoglobulin levels in
patients at the time of presentation and in controls. The shaded
area indicates the normal range. CPF complicated falciparum
malaria UPF uncomplicated falciparum malaria
PV Plasmodium vivax malaria
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FIG2. Scattergram showing serum circulating immune complex
levels in PEG units in patients at the time of presentation and in
controls

DISCUSSION
We found that autoantibodies like rheumatoid factor, anti-ssDN A,
anti-dsDNA and the DCTbecome positive in one-third of patients
with acute malarial infection. False-positive Widal,2 syphilis) and
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FIG 3. Scattergrarn showing serum complement (C3 and C4) levels

in patients at the time of presentation and in controls

HIV4•5 tests have also been reported.
In India malaria is endemic. Patients may frequently be treated

on the basis of clinical diagnosis alone and often incompletely. A
false-positive autoantibody profile may increase the possibility of
wrong diagnosis and management.

We observed certain differences in patients with P. vivax and
P. falciparum infection. We did not find ocr positivity in any
P. vivax infected patient though 6 patients out of 69 (9%) with
P.falciparum infection were ocr-positive. P. vivax infection did
notdecrease C3 levels but C4 was reduced in 43% of patients. The
mechanismof decrease in C4 levels alone in P. vivax infection is
not clear although a reduction in the complement level has been
reported earlier.v? The rheumatoid factor may become positive
whenimmune complexes are formed in substantial amounts for a
period of time. This is usually seen with subacute and chronic
infections such as infective endocarditis and hepatitis.

A high rheumatoid factor positivity has been reported previ-
ously in P.falciparum infection.v" However, we found it in both
P. vivax and P. falciparum infections. Anti-ssDNA positivity in
malaria patients has also been described 10.11 but a 30% positivity
obtained by us is high in comparison to previous studies which
have reported rates ranging up to 18%.S-10.12 The disappearance of
this finding, 4 weeks after the patients became afebrile confirms
its false-positive nature. The cause of anti-dsDNA positivity in
acute malaria is also a matter of conjecture. The putative
immunogen might have come from the malarial parasite itself or
fromhost cells such as hepatocytes or macrophages which may be
involved in the disease process. Alternatively, it could be the
result of a non-specific polyclonal stimulation of B cells leading
to the emergence of different kinds of antibodies by the same
infection in a non-specific manner.

The high proportion of malaria patients with raised levels of
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immunoglobulins points strongly towards a polyclonal stimula-
tion ofB cells. However, as has been reported in other studies, 7,1).14

no significant association was seen with either type of malaria.
The glycoprotein from the malarial parasite has been found to
cause polyclonal TISand BI6cell activation.

The presence of high levels of circulating immune complexes
in 21% patients and reduced C4levels in 10% of the patients even
I month after they became afebrile in both P. vivax and P.

falciparum infected patients shows that even after control of the
infection, a temporary reduction in the clearance of immune
complexes may persist for some time. This may be due to reticulo-
endothelial blockade leading to continuous consumption of
complement.

We have shown that there are substantial changes in various
immunological and serological markers in acute malarial infec-
tions. As some of these tests are done to diagnose other diseases
due care should be taken in interpreting such tests following acute
malarial infection.
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