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Prognostic significance of serum iron levels in cases of
Japanese encephalitis

M. Bharadwaj, V. Prakash, A. Mathur and U.C. Chaturvedi

Postgraduate Department ofMicrobiology, K.G. Medical College, Lucknow - 226.003, India

Summary: Forty-one children with acute laboratory confirmed Japanese encephalitis were studied.
Serum iron concentrations were consistently low following Japanese encephalitis virus infection, with the
levels being of prognostic significance.

Introduction

Japanese encephalitis virus (JEV), an arthropod
borne flavivirus' is one of the major causes of acute
encephalitis2 and is responsible for thousands of
cases each year, mainly in the Far East.3 In Uttar
Pradesh, India. Japanese encephalitis is probably
endemic4 with high mortality.' Little is known
about the pathogenesis of infection in man.

Alteration in iron metabolism is an accompani-
ment to a variety of infections and inflammatory
states.6 Pekarek et al.7 have demonstrated a signi-
ficant fall in serum iron concentration before the
onset of illness in volunteers exposed to bacterial
infection and in asymptomatic subjects after expo-
sure to live attenuated Venezuelan equine encepha-
lomyelitis virus vaccine.8 A reduction in plasma
iron has been shown to occur during a number of
bacterial infections9 or after injection of bacterial
lipopolysaccharide.'0 This response to infections
has been regarded as a host-mediated attempt to
control the infection by limiting the iron avail-
ability to organisms.1

Recent studies in mice revealed a low serum iron
concentration following JEV infection' caused by
the action of macrophage derived factor, which
blocks the release of iron from splenic reticuloen-
dothelial cells.'3 To date no information is available
on changes in iron levels during JEV infection in
man.

Patients and methods

Ninety-five children with acute encephalitic illness
(acute, nontransient alteration of consciousness
with or without fever or other neurological symp-
toms) were admitted to G.M. and Associated

Hospital, Lucknow, India between July to Decem-
ber 1989. Their age was between 3 to 12 years. The
duration of illness on admission was less than 5
days. Forty-one children had one or more indica-
tors ofJEV infection. A diagnosis ofJEV infection
was confirmed by virus isolation from cerebro-
spinal fluid (CSF), by demonstration of JEV
antigen in CSF cells (JEV monoclonal antibody
was provided by Dr E.A. Gould, Oxford, UK), by
demonstration ofanti-JEV IgM in CSF or by rising
antibody titres against JEV in paired sera as
described previously.4'5 The control group com-
prised of 21 normal healthy children of matched
age and sex. All the children were bled in the
morning at approximately the same time. Blood
was collected in polyethylene syringes and test
tubes to prevent iron contamination. Blood speci-
mens could only be collected once in fatal cases, but
in others at 1-4 days, 5-8 days and 9-12 days of
illness, on the basis of first day of appearance of
fever.
Serum iron and total iron binding capacity were

detected calorimetrically according to the modified
method of Beale et al.14 with bathophenanthroline
sulphate as the colour reagent as described earlier.9
The total protein and albumin in serum were
measured colorimetrically.'5

Results

Forty-one children aged 3 to 12 years having
confirmed Japanese encephalitis were included in the
study. Thirteen children were severely ill and rapidly
progressed to coma and death within 48 hours of
admission. Twenty-eight children survived.
The serum iron levels in JEV patients and control

groups are presented in Table I. The mean serum
iron level of 34 ± 3 ptg/dl in fatal Japanese ence-
phalitis patients was significantly less (P<0.001)
than the mean (82 ± 9 ftg/dl) observed in normal
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healthy controls. There was no significant differ-
ence in serum iron values in the initial stage of
illness in patients with non-fatal encephalitis when
compared with control (Table I). In these patients,
the later serum iron levels were 40± 3 g1g/dl
(P<0.001) between 5 to 8 days and 48 4 g/dl
between 9 to 12 days of illness. The total iron
binding capacities in JE patients was similar to that
of control children.

There was a transient decrease in the mean
haemoglobin values in the non-fatal encephalitis
patients between 5 to 8 days (7.0 ± 1.5 g/dl) ofillness
when compared with control (11.5 ± 2.5 g/dl).
No significant difference was noted in haemoglobin
values in cases offatal encephalitis and the controls
(P> 0.05). The total serum protein and albumin
did not show any deviation from normal values
(Table II).

Discussion

The initial response of serum iron concentration
after fatal JEV infection was a decrease. Significant
decrease in serum iron concentration was observed

within 48 h in severely ill fatal patients. The
investigations revealed that the serum iron levels
did not show any marked alterations in the initial
period in non-fatal encephalitis patients. Thus the
reduction in serum iron level was directly related to
the severity of illness. Out of the 13 fatal JE
patients, in 5 the JE virus was isolated from CSF
and in 8 patients JE virus-specific antigen in large
numbers of CSF cells was detected by indirect
immunofluorescence while no virus was isolated
from CSF in non-fatal cases and the immunofluo-
rescence positive cells were few in CSF (data not
included).

Following JEV infection hypoferraemia with
transient anaemia has been demonstrated in mice.
The degree of decrease was associated with the
severity of infection.9 The hypoferraemia is achiev-
ed by a block in the release of iron from reticulo-
endothelial cells in spleen by a macrophage derived
factor.'0
The serum iron level decreases during inflam-

mation6 which causes reduction in synthesis of
hepatic export proteins, albumin and transferrin,
resulting in hypoferraemia. Simultaneously, the
release occurs of certain acute phase proteins

Table I Time course relationship of serum iron changes to severity of clinical illness in confirmed cases of Japanese
encephalitis

Days of illness
1-4 5-8 9-12

Total Serum Serum Serum
number iron TIBC % iron iron TIBC % iron iron TIBC % iron

Subjects M F gg/dl jg/dl saturation pAg/dl lg/dl saturation gg/dl fig/dl saturation

Control 14 7 82 19 263 18 31.17 79±4 252±9 31.34 84 8 256 14 32.81
Nonfatal 21 7 71±17**258±13* 27.51 40±3***261±11* 15.32 48±4*** 248 12 19.35
Fatal 10 3 34±3***251 17* 13.54 - - - - -

TIBC =total iron binding capacity. Mean value ±s.d. is presented for each group. *P<0.05; **P<0.01;
***P<0.001.

Table II Haemoglobin and total protein levels in confirmed patients with Japanese encephalitis virus and controls

Days of illness
1-4 5-8 9-12

Total
Subjects number Hb gidi T.Pr./Alb gidl Hb gidI T.Pr./Alb gidi Hb gidI T.Pr./Alb gidI
Control 21 10.8 ± 2.3 6.2 1/ 11.5 ± 2.5 6.8 ± 1.2/ 11.0 ± 1.8 6.4 ± 1/

3.6±0.5 3.1 ±0.5 3.8±0.6
Nonfatal 28 10.0 ± 2.5* 7.1 ± 1.2*/ 7.0 ± 1.5*** 7.4 ± 1.4*/ 9.0 ± 1.5*** 6.9 ± 1.2*/

3.8 ± 0.7** 3.9 ± 0.5* 3.9 ± 0.4*
Fatal 13 9.2+±1.4** 6.8 1.1*/ -

3.5 ± 0.9*

Hb - haemoglobin; T.Pr. - total protein; Alb - albumin; mean value ± s.d is presented for each group. The data were
analysed by Student's t test. *P>0.05; **P<0.01; ***p<0.001.
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formed by activated monocytes of liver with their
increased concentration in serum.' A fall in serum
iron due to alterations in plasma proteins is a
general marker of inflammation. In the present
study there was no apparent alteration in total
protein or albumin, which suggests that there was
no change in protein synthesis in liver during JEV
infection.

Once the specific diagnosis of JE in patients has
been made on the day of admission either by
indirect immunofluorescence examination of cells
in CSF5 or by estimation of IgM antibodies in
CSF,'7 it may now be possible to predict the
prognosis of JE in confirmed cases by measuring
the serum iron on the same day.
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