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The association of host age and gender with inflammation
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The results of previous investigations indicate that age and gender may influence the strength of the human host’s
immune response to infection of the central nervous system with the larvae of Taenia solium. Most of the relevant
research on such neurocysticercosis (NCC) has, however, been conducted on hospital-based samples in developing
countries, where differential access to healthcare may bias the study results. Using data from 171 NCC patients
participating in a treatment trial, the associations of patient age and gender with the presence of inflammation around
NCC cysts (i.e. cysts in the transitional phase) have recently been explored, after controlling for measures of economic
and geographical access to healthcare. Data on cysts were collected from computed-tomography or magnetic-resonance
images taken at four time-points, from baseline to 12-months post-treatment. The odds of having transitional cysts were
evaluated by logistic regression whereas Poisson regression was used to explore the numbers of transitional cysts, with
generalised estimating equations (GEE) used to account for the multiple observations over time.

After controlling for healthcare access, the odds of having transitional cysts were found to be 1.5-fold higher for
the female patients than for the male, although this association was not statistically significant (=0.136). In the
Poisson model, however, the number of transitional cysts was found to be 1.8-fold higher in the female patients
than in the male, and this gender effect was not only statistically significant (2=0.002) but also constant over time.
The association of host age with transitional cysts was more complicated, with significant interaction between age
and time. It therefore appears that there are significant gender and age differences in the local immune response to
NCC, even after adjusting for differences in healthcare access.
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Human neurocysticercosis (NCC) results
from the infection of the central nervous
system (CNS) with the larval stage of the
intestinal pork tapeworm, Taenia solium.
Humans may develop the disease after
ingesting eggs excreted by someone har-
bouring an adult tapeworm in their intes-
tines (Singhi and Ray, 1999). NCC is
possibly the most heterogeneous infection
of the CNS, with a wide variety of clinical
manifestations, including seizures, head-
aches, psychiatric disorders, and focal neu-
rological deficits (White, 1997). The clinical
manifestations are generally thought to be
related to the number, size and location of
the parasitic cysts, and the host’s immune
response to the infection (Schantz and
Kramer, 1995; White, 1997). The mechan-
isms that underlie the variety in host
reaction to infection of the CNS are,
however, not well understood (Del Brutto
et al, 1991), the wide diversity of
symptoms indicating a complex host—
parasite—environment relationship.

Most symptomatic NCC infections
appear to occur among people in their
mid-adult years (Carpio, 2002). Although
there does not seem to be any gender
difference in the general prevalence of
symptomatic NCC (Sciutto ez al., 2000), it
has been suggested that both age and gender
influence the strength of the host’s immune
response. The severe encephalitic form of
parenchymal NCC, which manifests as
overwhelming inflammation, appears to be
more common among women and children
than in men (Lépez-Hernandez and
Garaizar, 1982; Earnest et al., 1987; Del
Brutto and Sotelo, 1988; Garcia and del
Brutto, 2000). In two studies, women have
also been found to exhibit a stronger
immune response to CNS infection with
T. solium than men (Del Brutto er al., 1988;
Fleury et al., 2004). One of those studies
also found that adult NCC cases aged >48
years had fewer leucocytes in their CSF than
younger cases (Fleury er al., 2004). In
addition, younger adults seem to present
more often with single transitional cysts,

which are characterised by local oedema,
than older adults (Fleury ez al., 2004: Saenz
et al., 2006).

There has been some concern that some,
if not all, of the reported associations
between host age and/or gender and the
clinical manifestations of NCC are the result
of bias in the selection of subjects (Thurn,
1988; Carpio, 2002). Since the definitive
diagnosis of NCC requires computed tomo-
graphy (CT) or magnetic resonance imaging
(MRI), the vast majority of research on the
disease has been conducted on hospital-
based samples. Such samples are susceptible
to selection bias (Carpio, 2002), especially
in developing countries, where regional or
economic differences in access to health-
care, as well as frequent migration from
areas where NCC is highly endemic to areas
of low endemicity, might bias any compar-
isons made within the hospital-based sam-
ple. Patients of a certain age or gender may,
for example, have relatively poor (economic
and/or physical) access to healthcare
because of a weak health infrastructure,
and may therefore only present, for diag-
nosis and treatment, when the symptoms of
their disease become severe. Such patients
may not be representative of NCC cases in
general.

The main aim of the present study was to
examine, within a hospital-based population
in Ecuador, the influence of host age and
gender on the host’s local immune response
to CNS infection with 7. solium, as mea-
sured by the presence of inflammation
around the cysts. Possible associations
between a patient’s age and gender and his
or her immune response were explored after
adjusting for potential confounders, includ-
ing factors that may be associated with
access to healthcare.

PATIENTS AND METHODS

The data for the analyses described here
came from a clinical trial of treatment for
symptomatic NCC in which patients were
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randomized to receive treatment of their
symptoms plus either albendazole or pla-
cebo. The detailed study design, as well as a
flow chart depicting participation at each
step of the study, has already been published
(Carpio et al., 2008) but a brief description
follows.

Patients

Patients were recruited from six hospitals in
Ecuador — three in Quito, two in Cuenca,
and one in Guayaquil. Patients were eligible
to participate in the study if they presented
within 2 months of the (new) onset of
symptoms associated with NCC and if CT
or MRI revealed that they had active and/or
transitional NCC cysts. Patients who only
had calcified cysts and those who were
pregnant, had active tuberculosis, syphilis,
papilloedema, ocular cysticercosis, active
ulcers, or some other progressive and life-
threatening disorder were excluded. Patients
who had received treatment for NCC during
the past year or who had undergone
systemic treatment with steroids within 30
days of presentation were also ineligible for
the study and, about halfway through the
study, patients with ventricular shunt were
excluded, for safety reasons.

Between January 2001 and February
2003, 178 NCC patients agreed to partici-
pate in the study and were randomized for
treatment. No data were collected on the six
patients who dropped out before receiving
treatment, and the data from another
patient, who, although treated, was sub-
sequently determined to be ineligible for the
study, were excluded from the final ana-
lyses. The 171 NCC patients included in
the data analysis were aged 3-82 years
(mean=40 years) and 92 (54%) were male.
The participants were of primarily lower
socio—economic status. Almost half (49%)
had never attended secondary school — a
proportion similar to the Ecuadorian
national value (World Bank, 2006) — and
31% had a monthly household income of
<U.S.$70.

Data Collection

The brain of each patient was examined by
CT or MRI at baseline (no more than 2
weeks before treatment with albendazole or
placebo) and 1, 6 and 12 months post-
treatment. The cysts detected were classi-
fied according to their location in the brain
and their phase of evolution. Cysts contain-
ing a live or viable parasite were classified as
active. Those showing obvious signs of a
host immune response (i.e. inflammation;
see below) and in which the parasite was
degenerating were classified as transitional,
whereas calcified lesions in which the para-
site was dead were classified as inactive
(Carpio et al., 1994). Each of the images
was read independently by two neuroradiol-
ogists, one in Ecuador and one in the
U.S.A.; the inter-rater reliability of the
readings was adequate, with kappas, for
identifying that a patient had cysts in a
specific location or phase, ranging from 0.4—
0.7. The readings of just one neuroradiolo-
gist (the one based in the U.S.A) were used
for the present analyses.

Transitional cysts were identified on CT
or MRI by the presence of a variable amount
of vasogenic or white-matter oedema sur-
rounding the cyst. Such oedema appears as
a hypodense area on standard CT and as a
hyperintense area on T2-weighted MRI,
with irregular borders that follow the
white-matter tracks. On contrast-enhanced
CT or MRI, each transitional cyst shows
enhancement of the cyst wall, which initially
appears as a ring but becomes a nodule as
the cyst collapses. Transitional cysts,
defined by the presence of inflammation
around the cysts, were the main outcome
considered in the data analyses.

Information about the patient’s gender
and age, as well as information about
potential confounders, was collected at
baseline. Overall, six variables were consid-
ered as potential confounders that might be
related to transitional cysts. Three of these
potential confounders — the patient’s
monthly household income, the distance of
the patient’s residence from an asphalt road
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(km), and the presence/absence of the
patient’s residence in the same province as
the treating hospital — were used as
indicators for economic and physical, infra-
structure-related barriers to healthcare
access. Unequal access to healthcare in
Ecuador may mean that some groups seek
care only when symptoms are severe, and, in
NCC, symptom severity is related to the
case’s immune response. The patient’s
monthly household income was a measure
of the patient’s ability to pay for, and
therefore receive, healthcare. Information
on this variable was collected in three
categories: low income (<U.S.$70/month),
middle income (U.S.$70-200/month) and
high income (>U.S.$200/month). The dis-
tance of the patient’s residence from an
asphalt road may influence geographical
access to healthcare facilities. The location
of the patient’s residence in the same
province as the treating hospital may be
another indication of geographical access to
healthcare and/or an indicator of migration
status, both of which may influence health-
care access.

The other three potential confounders
considered may be associated with the
outcome, transitional cysts, or with the
investigators’ ability to identify such cysts:
the type of imaging done (CT or MRI); the
total number of cysts in all phases; and the
drug treatment (albendazole or placebo).
Type of image (CT or MRI) was considered
a potential confounder because, since tran-
sitional cysts are easier to identify by MRI
than by CT (Garcia ez al., 2003), measure-
ment error rates will differ depending on
which type of image is being read. The total
number of cysts is a potential confounder
because the more cysts a patient has, the
higher the probability that one or more will
be in the transitional phase. In addition,
even though the two NCC ‘treatments’ were
randomly assigned, drug assignment was
considered a potential confounder because
of its presumed influence on the progress of
NCC cysts through the three main phases in
their evolution. Finally, as outcome in each

patient was measured at four different time-
points and the cyst phase varies over time,
time (measured in months from baseline)
was also included in all the data models.

Ethics

An informed-consent form for study parti-
cipation was signed by all participants or, in
the case of participants aged <18 years, by
one of their legal guardians. Participants
aged <18 years also provided oral assent for
participation. Approval for the study was
granted by the Columbia University
Institutional Review Board, the Office for
Protection from Research Risks (OPRR) of
the U.S. National Institutes of Health, and
the ethics committee of each participating
hospital in Ecuador.

Statistical Analysis

Data were analysed using the SAS 9.0
software package (SAS Institute, Cary,
NC). The outcome, transitional cysts, was
modelled over the four time-points (baseline
and 1, 6 and 12 months post-treatment).
Transitional cysts were examined in total,
for all locations in the brain, before those
within the parenchymal and extraparenchy-
mal regions (intraventricular and subarach-
noid) were explored separately. The small
numbers involved prevented the influence of
host age-group on the extraparenchymal
transitional cysts to be investigated.

The outcome was modelled as a dichot-
omous variable (presence/absence of transi-
tional cysts) using logistic regression, and as
a count variable (number of transitional
cysts) using Poisson regression. Generalised
estimating equations (GEE) were used to
account for the multiple observations of
each patient over time.

The effect of age and gender was explored
after controlling for time, and the interac-
tion of age and gender with time was
investigated, to determine if the effects
found were constant over time. Patient
observations in which the brain image
showed too many cysts to count were
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excluded from the analyses. This criterion
excluded 14 observations at baseline, and
12, 13 and 11 observations at 1, 6 and
12 months post-treatment, respectively.
Because of missing data on some of the
confounders and this exclusion of partici-
pants with too many cysts to count, the final
sample size for the regression models ranged
from 154 to 157 participants.

As the distribution of the number of
transitional cysts by age was not linear, age
categories were created for the analyses.
Although age was divided approximately
into quintiles, the age category 3-19 years
was maintained, even though it contained
only about 10% of the patients, because
subjects aged <20 years are considered to
be at relatively low risk of CNS infection
with T. solium (Carpio, 2002) but at
relatively high risk of severe NCC (Lépez-
Hernandez and Garaizar, 1982; Earnest
et al., 1987; Del Brutto and Sotelo, 1988;
Garcia and del Brutto, 2000).

Steps in Defining the Final Regression
Models

Four steps were used in determining the
final regression models for presentation.

INITIAL, UNADJUSTED MODELS

Initially, the regression models were run
unadjusted for the potential confounders,
with time (baseline or 1, 6 or 12 months
post-treatment), patient gender and patient
age as the independent variables. As pre-
viously noted, age was not included when
extraparenchymal transitional cysts were the
outcome considered (because the sample
size was too small for including four age-
dummy variables).

ASSESSING CONFOUNDING

Each of the six potential confounders was
then added separately to the initial models.
If the beta values for either gender or age
changed by 10% or more with the addition
of a potential confounder, that confounder

was considered to be sufficiently important
to be included in the final model. Using this
criterion, in some cases a potential con-
founder was determined to be an important
confounder in one model but not in another.
The confounders included in each final
model therefore differed (they are specified
in the table footnotes). The odds ratios
(OR) and rate ratios (RR) presented in
Table 2 are the results from the final models
adjusted for all the important confounders.

ASSESSING INTERACTION WITH TIME

Once the final adjusted models had been
established, interaction terms were added to
assess if the association between gender and
the outcome, or that between age and the
outcome, varied significantly over time. The
P-values for interaction with time presented
in Table 2 are the P-values for these
interaction terms.

MODELS STRATIFIED ON TIME

In order to describe the interaction with
time, the adjusted models were also run, for
transitional cysts in all locations, separately
for each time-point (i.e. stratified on time).
Figures 1 and 2, which show the OR and
RR for age (the variable for which there was
a statistically significant interaction) strati-
fied on time, help to assess the direction of
the interaction between age and time.

Sensitivity Analyses
Because the data being analysed were long-
itudinal, there was concern that missing

observations — caused by missed interim
visits, death, drop-out, or total loss to
follow-up — might influence the results.

Therefore, after determining the final mod-
els, the influence that the missing observa-
tions might have was explored through a
series of sensitivity analyses, where the
missing data were given values according
to various assumptions. For the ‘mildest’
assumptions tested, the datum for a missing
observation was given the same value as the
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corresponding value recorded at a previous
or subsequent time-point. The models were
also run under more extreme assumptions,
assigning either the maximum number of
transitional cysts possible (all cysts being
transitional) or zero transitional cysts (the
minimum possible) to all the missing obser-
vations. As none of the resultant data
models gave results that were markedly
different from those seen when only the
valid data were used, the findings of these
sensitivity models are not presented or
discussed below.

RESULTS

Distribution of the Transitional Cysts
At baseline, the 157 patients in the study
who did not have too many cysts to count
(14 patients had too many cysts to count at
baseline) had a total of 1100 NCC cysts.
Among these patients, 98 had cysts in the
transitional phase, totalling 270 such cysts.
Eighty-five of the patients with transitional
cysts had such cysts in their brain parench-
yma (with a total of 207 parenchymal
transitional cysts) and 22 had transitional
cysts in the extraparenchymal regions of
their brains (with a total of 56 extrapar-
enchymal cysts). Five patients had a total of
seven transitional cysts in indeterminable
locations in their brains and these seven
cysts were only counted in the analyses
looking at all locations combined. Three of
these five patients also had parenchymal
transitional cysts.

Table 1 shows the distribution of transi-
tional cysts by patient gender and age. A
higher proportion of the female patients
than of the male had transitional cysts at
each time-point, and the female patients
also had a higher mean number of transi-
tional cysts at each time-point, although
neither of these gender-related differences
appeared to be statistically significant.
Compared with the other age-groups con-
sidered, the patients aged 3-19 years were
those most likely to have transitional cysts at

baseline and 1 month post-treatment and
those least likely to have such cysts at 6 and
12 months post-treatment, although only
the baseline difference was statistically sig-
nificant. Patients aged 3—-19 years had the
lowest mean number of transitional cysts at
all four time-points but this difference never
reached statistical significance.

Regression Results
CYSTS IN ALL LOCATIONS WITHIN THE BRAIN
After adjusting for confounders, the odds of
having transitional cysts were found to be
higher for the female patients than the male,
although the association was not statistically
significant (OR=1.5; P=0.136). The female
patients did, however, have a significantly
higher mean number of transitional cysts
than the male. Specifically, the female
patients were found to have, on average,
1.8-fold more transitional cysts than their
male counterparts (P=0.002), after control-
ling for time and other confounders. There
was no interaction between time and gender
in predicting either the presence/absence or
number of transitional cysts (Table 2).
Although the odds of having transitional
cysts were higher for the patients aged 50—
82 years than for any of the younger age-
groups, only the patients aged 20-29 years
were significantly less likely to have such
cysts than the patients aged 50-82 years
(OR=0.4; P=0.042). For patients age 3-19
years there was a significant interaction with
time (P=0.003) in predicting the odds of
having transitional cysts. Figure 1 shows the
adjusted OR for each age-group, stratified
by time. The patients aged 3—-19 years had
the highest OR of any age-group at baseline
and 1 month post-treatment but the
lowest OR at both 6 and 12 months post-
treatment. In the Poisson-regression mod-
els, the patients aged 3-19 years were found
to have significantly fewer transitional cysts
than the patients aged 50-82 years
(RR=0.3; P<0.001). Although the other
age-groups were not significantly associated
with the number of transitional cysts, the
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FIG. 1. Stratified logistic-regression models: adjusted odds ratios for the presence of transitional cysts in all
locations, for the patients aged 3—-19 (H), 20-29 (M) 30-39 (M) or 40-49 (M) years compared with patients age
50-82 years, at each time-point. At baseline (N=154), the odds ratios and (95% confidence intervals) for those
aged 3-19, 20-29, 30-39 and 40-49 years were 2.7 (0.5-13.7), 0.4 (0.1-1.1), 1.1 (0.4-3.1), and 1.5 (0.5-4.1),
respectively. The corresponding values changed to 1.2 (0.6-2.5), 0.5 (0.2-1.6), 0.8 (0.3-2.3) and 1.0 (0.3-3.1) at
1 month post-treatment (N=151), 0.2 (0.1-0.8), 0.4 (0.1-1.6), 0.5 (0.1-1.7) and 1.0 (0.1-3.3) at 6 months post-
treatment (N=135), and 0.2 (0.1-0.9), 0.8 (0.2-2.5), 0.6 (0.2-2.0) and 0.8 (0.3-2.1) at 12 months post-treatment
(N=140) ).
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FIG. 2. Stratified Poisson-regression models: adjusted rate ratios for the number of transitional cysts in all
locations, for the patients aged 3—-19 (W), 20-29 (M) 30-39 (M) or 40-49 (M) years compared with patients age
50-82 years, at each time. At baseline (IN=155), the rate ratios and (95% confidence intervals) for those aged 3-19,
20-29, 30-39 and 40-49 years were 0.7 (0.4-1.4), 0.9 (0.4-2.0), 1.3 (0.7-2.4) and 2.1 (1.2-3.6), respectively. The
corresponding values changed to 0.6 (0.3-1.0), 1.0 (0.5-2.1), 1.4 (0.7-2.8) and 1.4 (0.8-2.0) at 1 month post-
treatment (N=152), 0.2 (0.1-0.5), 1.1 (0.6-2.2), 0.1 (0.0-1.4) and 1.2 (0.7-2.1) at 6 months post-treatment
(N=136), and 0.1 (0.0-1.4), 0.5 (0.2-1.2), 0.7 (0.4-1.4), and 0.7 (0.4-1.2) at 12 months post-treatment
(N=141).
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interaction of age and time in the Poisson
model was statistically significant, or almost
statistically significant (P=0.089 for the
patients aged 20-29 years), in all age-
groups. Figure 2 shows the RR for each of
the younger age-groups compared with the
patients aged 50-82 years, stratified on
time. Although patients in the youngest
age-group had the lowest RR at each of
the four time-points, their RR decreased
over time.

CYSTS IN PARENCHYMAL BRAIN

In the adjusted logistic-regression models
looking at parenchymal transitional cysts,
again there was no significant association
found between gender or age, but there was
a significant interaction with time for
patients aged 3-19 years (P=0.011). In the
adjusted Poisson model, the female patients
were found to have significantly more
transitional cysts in parenchymal locations
than the male patients (RR=1.7; P=0.014),
and the patients aged 3-19 years had
significantly fewer transitional cysts in such
locations than the patients aged 50-82 years
(RR=0.3; P=0.003). That the interaction
of age with time was statistically significant
for the comparison between the patients
aged 3-19 years and the patients aged 50-82
years (P=0.015) indicates, however, that
the corresponding RR was not constant over
time. Neither gender nor the other age-
groups demonstrated such an interaction
with time (Table 2).

CYSTS IN EXTRAPARENCHYMAL BRAIN

In the adjusted logistic-regression model for
extraparenchymal transitional cysts, the
female patients were found to be signifi-
cantly more likely to have transitional
extraparenchymal cysts than the male
(OR=2.2; P=0.042). In the corresponding
Poisson model, the female patients were also
found to have significantly more extrapar-
enchymal transitional cysts, on average,
than the male (RR=2.2; P=0.029).

DISCUSSION

Gender and age differences in immune
response have been demonstrated for several
diseases, although the associations are com-
plicated and vary in direction depending on
the infectious agent being examined
(Morales-Montor et al., 2004). It has also
been suggested that age-related differences
in immune response are actually related to
physiological processes such as sexual
maturation (Remoué er al, 2001). Thus
one might expect to find age-related differ-
ences in diseases for which there are gender-
related differences.

Looking at helminth infections, female
mice have frequently been found to be more
susceptible to experimental infection with
T. crassiceps than male mice (Huerta ez al.,
1992; Bojalil er al., 1993; Larralde er al.,
1995; Fragoso et al., 1998). Curiously, such
infection leads to the increased feminization
of both male and female mice, with
increases in oestradiol in all the mice and a
decrease in testosterone in the male mice
(Larralde et al., 1995). With 7. solium,
castration and pregnancy have been found
to increase the prevalence of cysticercosis in
pigs, presumably through changes in the
concentrations of some sex hormones
(Morales er al., 2002), and histological
damage to T. solium cysts in pigs vaccinated
against the parasite was found to be greater
in the older hosts than in the younger
animals (Huerta er al, 2000). Although
age (Fleury er al., 2004; Saenz et al., 2006)
and gender (Del Brutto ez al., 1988; Fleury
et al., 2004) differences in immune response
to T. solium infection of the human CNS
have also been reported, concern has been
raised about the possibility that selection
bias is responsible for these apparent differ-
ences (Thurn, 1988). In addition, there has
been no gender- or age-specific information
about how T. solium cysts behave over time
in the human CNS.

In the present study, there was clear
evidence of both gender and age differences
in the patient’s immune response to 7. solium
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infection of the CNS, even after evaluating
and controlling for several potential con-
founders, including barriers to healthcare
access. Although the female patients were
more likely to have transitional cysts than
the male, this association was only statisti-
cally significant for the extraparenchymal
transitional cysts. On average, however, the
female patients also harboured more transi-
tional cysts, in their brains as a whole, in the
parenchymal region of their brains, and in
the extraparenchymal region of their brains,
than the male patients. The strength of this
gender-specific association was constant
over time, and was greater for the extrapar-
enchymal cysts than for the parenchymal. It
appears, therefore, that, in humans, females
mount a stronger local immune response to
the presence of T. solium cysts in their brains
than males who have similar infections.
Although this should lead to a faster
clearance of viable 7. solium in women than
in men, it may also place women at greater
risk of developing the more severe symp-
toms of NCC. This may explain why the
incidence of the encephalitic form of par-
enchymal NCC is greater in female cases of
NCC than in male cases (Lépez-Hernandez
and Garaizar, 1982; Earnest ez al., 1987;
Del Brutto and Sotelo, 1988; Garcia and del
Brutto, 2000).

The relationship between transitional
cysts and the age of the NCC case seems
to be somewhat more complicated. In the
present study, patients in the youngest age-
group (3—-19 years) were not (as might have
been expected from the literature on NCC)
significantly more likely to have transitional
cysts than the patients in the oldest age-
group (50-82 years), and they harboured
significantly fewer transitional cysts than the
older patients. There were, however, sig-
nificant age—time interactions when transi-
tional cysts were explored as either a
dichotomous or count variable. Thus, the
strength of the age-specific association was
not constant over time. Specifically, com-
pared with the oldest age-group (50-82
years), the odds ratio for having transitional

cysts was highest for the patients aged 3-19
years (i.e. higher than for any of the other
age-groups considered) at baseline and 1
month post-treatment but lowest (i.e. lower
than for any of the other age-groups
considered) for this youngest age-group at
6 and 12 months post-treatment. This
change over time is primarily attributable
to the rapid decrease, over the 12 months of
follow-up, in the proportion of patients in
the youngest age-group who had transitional
cysts. While 82% of the patients aged 3-19
years had transitional cysts at baseline, only
17.7% of the same group of patients had
transitional cysts when examined about 12
months later. In comparison, the proportion
of patients in the oldest age-group (aged 50—
82 years) found to have transitional only fell
from 57.1% to 48.6% over the same period
(Table 1). The observed interaction with
time may therefore be an indication that
the cysts go through the transitional
phase at different rates, depending on the
patient’s age. Alternatively, it might be an
indication that, despite controlling for
several potential barriers to healthcare
access, some selection bias still occurred in
the present study and that patients of
different ages seek treatment at different
points in the evolution of their NCC. In the
latter case, the observed variation with time
may indicate that the patients of different
ages investigated in the present study were
recruited at varying times in their disease
process.

The present results indicate that, in
humans, there are significant gender- and
age-specific differences in the local immune
response to CNS infection with 7. solium,
these differences remaining significant even
after adjusting for differences in healthcare
access that may be important causes of
selection bias when using hospital-based
samples. Although these findings were not
influenced by loss to follow-up or other
causes of missing data, the present study did
suffer from several other weaknesses.
Firstly, the study included only 171 patients
and thus the statistical power may have been
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insufficient for some of the models. The fact
that, in general, gender and age were found
to be better at predicting the number of
transitional cysts than the odds of having
transitional cysts probably reflects the dif-
ference in statistical power when examining
an outcome as a dichotomous variable
instead of a count variable. Secondly, the
study cohort only included 22 patients with
transitional cysts in extraparenchymal loca-
tions, precluding a valid examination of the
association of age category with such extra-
parenchymal transitional cysts. Thirdly, no
information about the NCC patients who
attended the participating hospitals but who
were ineligible for the study (including those
who simply refused to participate) was
collected. This information would have
been helpful in determining if the study
participants were representative of the NCC
cases attending the hospitals (e.g. in terms
of household income or location of resi-
dence). Another weakness of the study may
have been the reliability of the CT or MRI
readings. While the inter-rater reliability
appeared adequate, with kappa values of
0.4-0.7, it was certainly not perfect, indicat-
ing some misclassification that could further
decrease the study’s statistical power.
Finally, the present patients were only
followed for 12 months. Later scans would
have been wuseful in determining if the
associations and trends found in the present
analyses continue, or if there are other age-
or gender-specific differences in the
patient’s immune response to CNS infec-
tion with 7. solium over time periods beyond
12 months.

In future research, additional host factors
that may influence the immune response to
CNS infection with 7. solium, and the
effects of these host factors over a period
exceeding 12 months, should be explored.
In addition, the relationship between the
human host’s immune response and their
clinical symptoms should be better
described, as this may be an important
cause of bias when studying hospital-based
populations.

It is important to take into account
possible barriers to healthcare access when
conducting research in hospital-based popu-
lations. If proxies for selection bias, such as
income and location of residence, are
measured during the study, then they can
be controlled for in the final analyses. These
proxies for selection bias are not confoun-
ders in the traditional sense (i.e. alternate
causes of the outcome) but they can still be
controlled for if they are identified and
measured, and doing this should increase
confidence in the results of studies using
hospital-based populations.
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