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Coinfection of Japanese Encephalitis with
Neurocysticercosis: An Imaging Study

BACKGROUND AND PURPOSE: Coinfection of neurocysticercosis (NCC) and Japanese encephalitis (JE)
has been advocated as more than a chance occurrence resulting in poor outcome. We undertook this
study to determine whether the association of the 2 infections is more than a chance occurrence, to
define the imaging characteristics of coinfections, and to explore the synergistic effect of NCC in JE.

MATERIALS AND METHODS: Sixty-two patients with JE were studied by MR imaging and CT. CT was
done in 53 and MR imaging in 53 patients. The diagnosis of JE was established by CSF JE virus
immunoglobulin M capture (MAC) enzyme-linked immunosorbent assay (ELISA). NCC was diagnosed
from imaging. A control group of 385 patients was evaluated by imaging for prevalence of NCC in the
general population.

RESULTS: A significantly high association of NCC with JE (19.3%) was observed in comparison with
prevalence of NCC in control subjects (1.04%; P = .0003). JE lesions in coinfection were significantly
asymmetric with lateralization to the side of the brain having the maximum NCC or a cyst with edema.
The JE lesions in coinfections were more florid, with a significantly higher proportion of abnormal CT
scans and more abnormal MR imaging. Coinfections were significantly more common in children.
Significantly lower CSF MAC-ELISA units in patients with coinfection reflected low CSF IgM levels,
suggesting altered immune status.

CONCLUSION: In our series, there was a strong association between JE and NCC, and, thus, this

J apanese encephalitis (JE) is a mosquito-borne viral en-
cephalitis that is endemic to several tropical and semitrop-
ical countries in Asia. A total of 50,000 new cases occur annu-
ally across the endemic regions of the world, of which 10,000
people die. JE is endemic in India, with outbreaks reported in
several Indian states in the past decades. Pigs act as amplifier of
the JE virus (JEV). Epidemics occur in the summer rainy sea-
son in India when mosquitoes are abundant. Clinically, the
disease manifests as fever, headache, and altered sensorium
with or without focal neurologic symptoms.' On CT and MR
imaging, JE lesions are most commonly seen in the thalami.
Other areas involved are the substantia nigra, basal ganglia,
cerebral cortex, hippocampus, pons, midbrain, medulla, cer-
ebellum, and white matter.>™

Neurocysticercosis (NCC) is caused by the larval stage of the
pork tapeworm, Taenia solium and results from the ingestion of
the eggs of the adult tapeworm by the fecal-oral route. It is en-
demic to and a public health problem in India. Neuroimaging by
CT or MR imaging is useful for establishing the diagnosis.”

Coinfection of JE and NCC has been reported in China and
India.®® Although both diseases have common epidemiologic
and sociodemographic factors like pig rearing, poor socioeco-
nomic status, hygienic conditions, malnutrition, and so forth,
more than a casual association of the 2 conditions has been
suggested. The presence of NCC has been advocated as a prog-
nosticator of poor outcome in JE.®” Few imaging studies have
studied this coinfection.”'® These have drawn conflicting con-
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coinfection was more than a chance occurrence.

clusions. Singh et al® reported the imaging features in coinfec-
tion but did not compare with a cohort of JE patients without
coinfection. Azad et al'® found an increased prevalence of
NCC in patients with JE but did not find any statistically sig-
nificant difference from the prevalence of NCC in control sub-
jects. We undertook this study to find out if there is a signifi-
cant association of JE with NCC, to define the imaging
characteristics of coinfection of JE and NCC, to compare them
with a cohort of JE subjects without coinfections, and to ex-
plore the synergistic effect of NCC in JE.

Materials and Methods

Sixty-two consecutive patients with JE underwent CT or MR imaging
scans in the period of June 2000 through August 2003 as part of a
prospective study, part of the results of which have been published
earlier.* MR imaging was done in 53 and CT in 53 subjects. Both CT
and MR imaging were done in 44 subjects; MR imaging or CT was
each done in only 9 subjects. Our patients were from the 7 Northeast
Indian states and came from a diverse rural, semirural, and urban
background. There were 45 males and 17 females aged 9 months to 75
years. Fever and altered sensorium were the most common presenting
features seen in all of the patients. Seizures and focal neurologic symp-
toms were present in some. All of the patients had a routine blood and
CSF examination. The diagnosis of JE was established by positive CSF
JEV immunoglobulin M (IgM) antibody capture enzyme-linked im-
munosorbent assay (MAC-ELISA). All of the patients had MAC-
ELISA units =100, which were taken as definite for JE.!!

MR imaging of the head was done in a 1T scanner. T1-weighted
(TR, 600 ms/TE, 15 ms), T2-weighted (TR, 3500 ms/TE, 90 ms), and
proton attenuation (TR, 1700 ms/TE, 17 ms) images were obtained in
axial, coronal, and sagittal planes. One patient with coinfection had
contrast-enhanced MR imaging, whereas the rest had plain MR im-
aging only. Fourteen patients (4 with coinfection of JE and NCC) had
repeat MR imaging on clinical improvement of JE symptoms. Plain or
contrast-enhanced CT was done in a conventional CT scanner using



5- or 10-mm axial sections. Two patients (1 with NCC) had repeat
plain CT examination.

The diagnosis of NCC was made on neuroimaging findings alone
as per well-described imaging criteria.'* CSF cysticercus immuno-
globulin G ELISA was done in 4 patients with NCC but was found to
be negative. Cysticerci were counted and evaluated for the presence of
perilesional edema. The presence, signal intensity, or attenuation and
distribution of JE lesions was assessed in the scans.

A control group of patients scanned in our institute for indica-
tions other than seizures was prospectively evaluated for NCC prev-
alence in the population studied. Patients with mild head trauma,
headache, psychiatric complaints, giddiness, and so forth who had
more or less normal scans with good assessable brains were included.
The prevalence of seizures in India is estimated at 0.4%—0.6%, and
34.6% of all seizures in India are due to NCC.'>'* As a tertiary neu-
rocare hospital, 10% of our patients are scanned due to seizures. Pa-
tients with seizures were, therefore, excluded from the control group
to remove bias. MR imaging protocols were the same as above. A
16-section multidetector CT was used to scan these patients. The
population of Northeast India being approximately 38.5 million, a
sample size calculator (Raosoft, Seattle, Wash) was used to define the
size of the control group for a 95% confidence level and a 5% margin
of error. A total of 385 patients were scanned in all, with CT in 342 and
MR imaging in 43 patients. There were 261 males and 124 females of
ages 2—82 years. Contrast examination was done in 31 CT and 4 MR
imaging patients. The presence of NCC was evaluated in these.

Statistical analysis of data was done by X* test. Our institute’s
ethics committee approved this work.

Fig 1. Thirty-one-year-old man with coinfection of JE and
NCC (patient no. 2). A and B, Contrast-enhanced CT scans
show nonenhancing left thalamic lesion (arrow in A) with
a left parietal cysticercus with identifiable scolex and
edema (arrow in B). C and D, Axial T2-weighted MR
imaging scans done on day 4 of onset of symptoms show
a left parietal cysticercus with edema (arrow in C) and T2
hyperintense bilateral thalamic lesions, with predominant
lesion on the left side (arrows in D). E, Follow-up axial
T2-weighted MR imaging done after 67 days from onset
shows resolution of the thalamic lesions.

Results
Twelve patients (19.3%) with JE showed coinfection with
NCC. Eleven patients had NCC on MR imaging. In 1 patient
(patient 12), NCC was diagnosed from CT. Of the 12 patients
with NCC, 7 had single NCC, 1 had 2 cysts, and 4 had multiple
NCC (patient 12 had multiple bilateral NCC on CT; on-line
Tables 1 and 2). In the control group, 4 patients (1.04%) had
evidence of NCC on MR imaging and CT. These were degen-
erated, calcified, or live vesicular cysticerci. One patient with
headache had an intraventricular cysticercus in the fourth
ventricle and other identifiable vesicular cysticerci in the
brain. The difference in proportions of NCC in subjects with
coinfections (19.3%) and in control subjects (1.04%) was sta-
tistically highly significant (P = .0003).

In patients with coinfection, all 11 patients (100%) showed
JE lesions on MR imaging. JE lesions were nonenhancing and
hyperintense on T2-weighted and proton attenuation images,
isointense to hypointense on T1-weighted images, and were
seen in the thalamus, substantia nigra, basal ganglia, hip-
pocampi, and midbrain (Figs 1-3). In the 4 patients with coin-
fection who had repeat MR imaging scans, there was complete
resolution of the JE lesions in 1 (Fig 1), with residual lesions in
3 patients (Fig 2). In 2 patients (patients 5 and 9), initial asym-
metric JE lesions were followed by progression of the lesions
on the opposite side, with symmetrical residua on follow-up
(Fig 2). Nine patients (81%) with coinfection had asymmetri-
cal lesions in the first scan. Seven patients (63.6%) had pre-
dominance of JE lesions on the side bearing the most NCC,
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Fig 2. Twelve-year-old girl with coinfection of JE and NCC
(patient 5). A, Axial T2-weighted MR imaging done on day
5 after onset of symptoms shows a left frontal cysticercus
with T2 hyperintense perifocal edema (arrow). This lesion
showed ring enhancement with edema on contrast en-
hanced CT (not shown). B, Axial T2-weighted MR imaging
done on the same day as A shows a left thalamic lesion
with mass effect (arrow). The substantia nigra were not
involved in this stage (not shown). C and D, Axial T2-
weighted MR imaging scans done on day 13 show involve-
ment of both thalami (arrows in C) and both substantia
nigra (arrows in D). E, Axial T2-weighted MR imaging done
after 45 days of onset shows residual lesions in both
substantia nigra (arrows). Residual lesions were also seen
in both thalami at this stage (not shown).

Fig 3. Thirteen-year-old girl with coinfection of JE and NCC (patient 6). A, Axial T2-weighted MR imaging scan showing a left basal ganglia granulonodular NCC with edema (arrow). B,
Axial T2-weighted scan done at the same time as A shows bilateral thalamic involvement, more on the left side (arrows). Note sparing of the basal ganglia in the vicinity of the cyst.
C, Axial T2-weighted scan slightly lower than B shows bilateral substantia nigra, left more than right (arrows) and left midbrain tectum (double arrows).

whereas 1 had predominance on the opposite side bearing the
most NCC. The other 3 patients either had equal numbers of
NCC on both sides or had symmetrical JE lesions with no
lateralization. A significant number of asymmetric JE lesions
were lateralized to the side bearing the most NCC in compar-
ison with lateralization to the opposite side (P = .0001). Eight
patients showed evidence of cysts with perilesional edema
(Figs 1-3). Of these, 6 had predominance of the JE lesions on
the same side of the NCC with edema, 1 on the opposite side,
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and 1 had symmetric lesions, though statistically this predom-
inance (6 versus 2) was not significant. The MR imaging find-
ings in patients with coinfection are summarized in on-line
Tables 1 and 3. CT was done in 10 patients with coinfection
with plain and postcontrast CT in 9 patients. Eight (80%) CT
scans of patients with coinfection showed JE lesions. JE lesions
were nonenhancing and hypoattenuated, with local mass ef-
fect in some. They were seen in the thalami, basal ganglia, and
hippocampus (Fig 1). On CT, NCC was seen in 9 patients with



coinfection and was missed in 1 because of misregistration in
the emergency CT setting. The CT findings in patients with
coinfection are summarized in on-line Tables 2 and 3.

In patients without coinfection, JE lesions were seen in the
thalamus, substantia nigra, basal ganglia, hippocampus, cere-
bral cortex, midbrain, medulla, and pons on MR imaging (Fig
4) and in the thalami, substantia nigra, basal ganglia, and hip-
pocampus on CT. The lesions were similar to those seen in
patients with coinfection. No statistically significant difference
was found in the distribution of JE lesions in patients with
coinfection in comparison with those without coinfection on
CT and MR imaging (on-line Table 3). In patients with coin-
fection, however, there was a significantly higher proportion
of patients with asymmetrical lesions (81%; Figs 1-3) in com-
parison with asymmetrical lesions in those with JE alone
(45%; P = .0139; Fig 4). On CT, a significantly higher (P =
.0005) proportion of patients with coinfection showed JE le-
sions (80%) in comparison with JE lesions in those without
coinfections (27%; on-line Table 3).

Some clinical parameters were compared in the patients
with coinfection and those without. These were age, sex, sei-
zures, CSF MAC-ELISA units, total leukocyte counts in the
CSF, and number of deaths in hospital. Two patients were
discharged on request, and the outcomes were not available.
There was a significantly higher proportion of patients aged
=15 years (P = .0329), and a significantly higher proportion
showed CSF MAC-ELISA units =150 (P = .0482) in the pa-
tients with coinfection. The other parameters were not signif-
icantly different between the 2 groups (on-line Table 4).

Discussion

Diffuse encephalitis with coinfection with NCC was first re-
ported by Hsu in 1940."> Experimental studies have shown
that infecting mice with Toxocara canis, a nematode that lo-
calizes in their brains, facilitated the neuroinvasiveness of JEV,
causing them to die from acute viral encephalitis. When in-
fected with JE alone, there was very little pathogenic effect on
mice.'®"” Liu et al® reported coinfection of JE with NCC in 8 of
26 patients with JE at autopsy. Desai et al,® using CT, serology,
and autopsy, found coinfection with NCC in 37.42% of the
patients with JE, which was significantly higher than the 4%
autopsy prevalence of NCC in patients other than those with

Fig 4. Fifty-eight-year-old woman with JE without NCC
showing asymmetric lesions. A, Axial T2-weighted MR im-
aging done on day 3 of onset shows thalamic lesion on the
right (double arrows). Note bilateral hippocampal tail in-
volvement (single arrows). B, Axial T2-weighted MR imaging
done on same day as A shows right sided substantia nigra
(black arrow) and the hippocampal lesions (white arrows).
This patient is patient 2 of our previous publication.*

JE. In another retrospective study from
India using MR imaging, coinfections of
JE and NCC were found in 10.2%. This
was not statistically different from the
prevalence of NCC in control subjects
(8.3%).'° Other imaging studies from In-
dia have not reported a high association
of JE with NCC.*»'® Our study found a
significantly high prevalence of NCC in
patients with JE (19.3%) in comparison
with its prevalence in control subjects
(1.04%). This high prevalence of NCC in JE is similar to the
autopsy findings of some of the studies from India and China
and is probably more than a chance coincidence.®® In autopsy
studies of other infective conditions of the central nervous
system (CNS), no association of NCC has been observed.®
Why other investigators from India have not found a signifi-
cant association between the 2 infections is intriguing.>'®'® It
may be related to different strains of the JEV, other epidemi-
ologic factors, or study designs. Autopsy studies have shown
the prevalence of NCC in India to be 0.75%—4.00%.>'° The
prevalence of NCC in our control group is comparable with
this. Although the diagnosis of NCC in our study was made
from neuroimaging findings alone, and CSF ELISA tests for
NCC done in 4 of our patients with coinfection was negative,
ELISA tests are known to be disappointing in sensitivity and
specificity for NCC in routine clinical and epidemiologic
use.”” Imaging alone is considered adequate for the diagnosis
of NCC in our institute.

In patients with coinfections, lesions of JE tended to be
asymmetrical with a significantly higher proportion of asym-
metrical JE lesions in coinfections in comparison to those
without coinfections. There was significant lateralization of JE
lesions to the side bearing the most NCC, and a greater num-
ber of JE lesions were seen on the side with the most NCC with
edema. Singh et al,” in an MR imaging-based study, found
asymmetric thalamic lesions in all 10 of their patients with
coinfection. JE lesions were lateralized to the side bearing the
most NCC or to the side bearing the edematous NCC. Desai et
al® found that JE lesions were more severe on the side bearing
the NCC with host reaction. Our findings were similar to these
reports.

On imaging, the JE lesions in coinfection were not different
in appearance or distribution compared with the lesions seen
in those without coinfections in our study. However, a signif-
icantly higher number of JE lesions on CT and a higher num-
ber of lesions on MR imaging, though not statistically signifi-
cant, suggest more severe lesions of JE in patients with
coinfections compared with those without. JE lesions are not
commonly picked up on CT, and a little more than one third
of patients with JE showed abnormal scans in one study.'® Two
types of pathologic lesions are noted in JE-infected brains, the
cell-rich gliomesenchymal nodules (GMNs) and areas of rar-
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efaction necrosis, the necrolytic lesions (NLs). The lesions are
seen in the in the thalami, substantia nigra, basal ganglia, pons,
medulla, cerebellum, and cerebral cortex, explaining the dis-
tribution of JE lesions on imaging. Differentiation of the 2
types of lesions on imaging is not possible. Most of the affected
areas show both types of lesions pathologically. NLs are, how-
ever, uncommon in the medulla, whereas GMNs are invari-
ably seen in the medullary inferior olivary nucleus.” Consid-
ering the rarity of demonstrable lesions in the medulla in our
study, as well as those of others,? it is possible that the NL is the
predominant lesion picked up on imaging. Pathologically,
more florid JE lesions with predominance of NLs are seen in
patients with coinfections.®” This may explain the higher
number of JE lesions seen in coinfections on imaging in our
study. However, we were unable to do any autopsies in these
patients to confirm our findings.

The more florid JE lesions seen on imaging in coinfections
with NCC in comparison with those without and lateraliza-
tion of the lesions to the side bearing the most NCC or the
edematous NCC suggest increased neuroinvasiveness of JEV,
possibly resulting from a synergistic effect between the 2 infec-
tions. The JEV invades the brain by the hematogenous route
through the blood-brain barrier (BBB).*' Increased BBB per-
meability with increased neuroinvasiveness of JEV has been
advocated in coinfections of JE with NCC.'®'” The reasons for
the subsequent involvement of the thalami and other pre-
ferred sites may be because of JEV-specific susceptible neu-
rons.?! The distribution of JE lesions in patients with coinfec-
tions in our study, as well as in others, was not different from
those seen in patients of JE only, other than severity and later-
alization to the side having the most or degenerating NCC.*’
This suggests that the anatomic sites of BBB leakage or neuro-
nal susceptibility to JEV in coinfections are possibly not dif-
ferent from those seen in patients of JE alone and are not in the
vicinity of the cyst, which would have resulted in florid JE
lesions around it. In mice models of NCC, there is increased
BBB permeability, but the BBB in the vicinity of the cyst is not
altered, and differences in the extent and timing of permeabil-
ity of different types of vessels have been demonstrated.*
NCC, therefore, possibly potentiates neuroinvasiveness and
virulence of the JEV rather than altering the anatomic sites of
JEV invasion or neuronal susceptibility to JEV. Progression of
JE lesions in 2 of our patients with coinfection suggests in-
creased BBB permeability to JEV neuroinvasion or even a tem-
poral variation of BBB permeability in these patients.

Another finding in our study was the significantly large
number of patients with coinfection who showed low CSF
MAC-ELISA units in comparison with patients with JE only
reflecting lower CSF IgM levels to JEV in these patients. CSF
IgM levels show a temporal variation throughout the course of
JE. They peak by day 7 of onset and persist up to day 30,
decreasing thereafter.'" This temporal variation was unlikely
to have affected our results, because there was no significant
difference in the sampling times of the CSF in the patients with
coinfection versus those without (on-line Table 5). In a study
in mice models of dual infection that showed potentiation of
JEV pathogenicity, an altered immune response and a delayed
peak of IgM levels in CSF by 7 days was observed.*® The only
other study that evaluated MAC-ELISA levels in dual infec-
tions did not find lowered IgM levels in their patients with
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coinfection. However, they had used higher cutoff levels of
CSF MAC-ELISA units (500 U).® Our patients showed lower
MAC-ELISA units that varied from 100 to 315 U. Whether
altered IgM kinetics in the CSF or a suppressed host immune
response was responsible for the low CSF IgM levels is uncer-
tain and needs further evaluation. An altered host immune
response in patients with coinfection could be a factor in the
synergistic effect between the 2 infections.

Patients with coinfections were significantly younger than
those with JE alone in our study. Even in endemic regions,
NCC is not common in children. Hospital-based data indicate
that the frequency of NCC below the age of 15 years is approx-
imately one tenth the frequency above that age. This is possibly
due to the fact that pediatric patients are protected from envi-
ronmental factors that cause NCC.** The high proportion of
pediatric patients with coinfections is, therefore, interesting.
Although Desai et al® did not find higher coinfections in chil-
dren, Kalita et al'® found all 3 of the coinfections that they saw
in children. The overall pediatric patients in our study were 16
(25%), a proportion much less than the ratio of pediatric-to-
adult JE reported from Phukan et al® at 1.4:1 during 2000—
2002. Our patients were from a diverse rural, semirural, and
urban background and did not belong to the low socioeco-
nomic group, unlike those of other studies from India with
which our data are compared.®**> This may have caused a
hospital-based data bias. Nevertheless, coinfections of JE and
NCC may still be more common in children due to immunologic
factors, an immature CNS, or neuronal plasticity, factors that
have been implicated for JE being more common in children.'®

Coinfection with NCC resulted in significantly increased
deaths from JE in the study by Desai et al.® Although we did see
a higher proportion of hospital deaths in coinfections (25%)
compared with those subjects with JE only (14.5%), this dif-
ference was not statistically significant. We did not, however,
score the outcomes in our survivors. The overall deaths (10 of
60 [16.6%]) in our study were far fewer than the death rates of
more than 40% reported from Kabilan et al in 2000 and 2001."
This was probably due to the fact that our patients were treated
in a well-equipped neurointensive care unit.

In patients clinically suspected of acute encephalitis, the
presence of an enhancing NCC may divert attention away
from associated JE. The reverse is also true, with the possibility
of NCC being missed on imaging or misinterpreted as lesions
of JE. This is also further compounded by the fact that enceph-
alitic presentation of NCC is possible. Cysticercus encephalitis
is a syndrome of heavy multilesional NCC with increased in-
tracranial pressure. This condition is not seen with single or
few NCC, the types more common in India. Confluent brain
edema with enhancing lesions typical of NCC is seen on im-
aging.”® We have not seen JE in patients with heavy multile-
sional NCC. In the usual situation, a careful evaluation of the
brain for JE lesions in clinically suspected patients with acute
encephalitis and conscious evaluation for NCC on imaging
can help pick up patients with coinfection.

Conclusion

In conclusion, the high prevalence of NCC in JE is probably
more than a chance occurrence. Although there was no signif-
icant difference in the anatomic distribution of JE lesions in
the brain between the group with coinfection and that without



coinfection, NCC seems to have a synergistic effect on JE fa-
cilitating the entry of the virus into the brain, causing more
florid JE lesions on the ipsilateral side of the maximal and/or
degenerating NCC as shown by the imaging findings. An al-
teration in the immune response in coinfections is suggested
by the lowered levels of the CSF JEV-specific IgM observed in
this study. Children may be particularly susceptible to coin-
fections. Further prospective and experimental studies are
necessary to clarify the complex epidemiologic, pathologic,
and immunologic factors in coinfections. The synergistic ef-
fect of NCC in JE suggests the possibility of a need for control
of NCC in addition to vector control, vaccination, and other
measures in the control of the spread of JE.
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