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Co-infected C57BL/6 mice mount appropriately polarized and

compartmentalized cytokine responses to Litomosoides sigmodontis

and Leishmania major but disease progression is altered
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SUMMARY

This study examines the capacity of the mammalian host to
Sfully compartmentalize the response to infection with type 1
vs. type 2 inducing organisms that infect different sites in the
body. For this purpose, C57BLI6 mice were infected with the
rodent filarial nematode Litomosoides sigmodontis followed
by footpad infection with the protozoan parasite Leishmania
major. In this host, nematode infection is established in the
thoracic cavity but no microfilariae circulate in the blood-
stream. We utilized quantitative ELISPOT analysis of IL-4
and IFN-vy producing cells to assess cytokine bias and response
magnitude in the lymph nodes draining the sites of infection as
well as more systemic responses in the spleen and serum. Con-
trary to other systems where co-infection has a major impact
on bias, cytokine ratios were unaltered in either local lymph
node. The most notable effect of co-infection was an unex-
pected increase in the magnitude of the IFN-y response to
L. major in mice previously infected with L. sigmodontis.
Further, lesion development was significantly delayed in these
mice. Thus, despite the ability of the immune system to appro-
priately compartmentalize the immune response, interactions
between responses at distinct infection sites can alter disease
progression.
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INTRODUCTION

A striking feature of the adaptive immune response is the
ability to compartmentalize and direct the immune response
toward infected tissue through a system of regional lymph
nodes and specific homing receptors. One might thus predict
that the immune system should readily cope with co-infecting
pathogens at distinct sites. We addressed this prediction
using Litomosoides sigmodontis and Leishmania major,
which infect distinct sites in the body (thoracic cavity vs.
footpad) and do not disseminate beyond the local lymph
nodes in C57BL/6 mice (1,2).

Litomosoides sigmodontis is a filarial nematode of cotton
rats that can establish full development in the BALB/c
mouse, and thus provides a valuable model for the study of
human filarial infections (3,4). The identification of both
susceptible (BALB/c) and relatively resistant (C57BL/6)
strains has provided the opportunity to unravel the param-
eters that determine disease susceptibility in filarial infection.
In both BALB/c and C57BL/6 mice, the infective larvae
migrate from the subcutaneous tissue via the lymphatics to
the thoracic cavity. Although both strains mount strong
Th2 responses to infection (5), in C57BL/6 mice infection is
cleared between day 40 and day 60 and the adult nematode
never reaches sexual maturity (6). This killing is dependent
on IL-4, as in IL-4-deficient C57BL/6 mice, parasites follow
a development pattern identical to BALB/c mice, with
development of the parasite to adulthood and circulation of
microfilariae in the bloodstream (5).

The intracellular parasite L. major displays a similar sus-
ceptibility/resistance pattern between mouse strains. BALB/c
mice are fully susceptible to infection and develop progressive
leishmaniasis following subcutaneous inoculation. Leishmania
major is also able to establish infection in the resistant
C57BL/6 mice, but the subcutaneous lesion that develops at
the site of inoculation begins to spontaneously resolve by
day 40 (7) and the mice are resistant to further infection.
Despite the increasing complexity in our understanding of
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the type 1/type 2 paradigm in L. major infection, a critical
role for type 1 cytokines, especially IFN-y and its associated
anti-microbial effects, has been repeatedly demonstrated for
disease resolution (8).

Using these two model systems we can create a defined
but fascinating challenge for the immune system. To control
L. sigmodontis it must mount an effective type 2 response,
whereas to control L. major, the same host must mount a
type 1 response. In each case, regulatory pathways, which can
promote infection in the susceptible BALB/c mice (9,10),
may not develop in C57BL/6 mice. Interestingly, in L. major
infection of CS57BL/6 mice, an early IL-4 response is
observed but fails to be sustained, and a Th1 response develops
(11,12). So it may be that a pre-existing helminth infection,
even at a distinct site, would compromise the subsequent
development of the type 1 response by tipping the balance
towards maintenance of the type 2 response. We thus chose
to ask whether a pre-existing IL-4 response induced by
L. sigmodontis could alter the course of L. major infection.

MATERIALS AND METHODS

Mice

All experiments used C57BL/6 male mice 4—6 weeks in age
that were bred on site in the animal facilities at King’s Build-
ings, University of Edinburgh. Mice were housed in individ-
ually ventilated cages and given food and water ad libitum
during the course of these experiments.

Infection protocol

The life cycle of L. sigmodontis (Chandler, 1931) was main-
tained by cyclical passage of parasites through Meriones
unguiculatus jirds and the mite species Ornithonyssus bacoti
as previously described (13). Animals were infected with 25
L. sigmodontis L3’s in the right lumbar area or with 1 x 10°
L. major LRC-L137 V121 (14) stationary promastigotes
subcutaneously in the left footpad. Co-infected animals were
infected with L. major at 20 days post L. sigmodontis infection.
Animals were sacrificed at 40 days post L. major infection
(60 days post L. sigmodontis infection). Footpad lesions were
measured using digital callipers, and calculated by subtract-
ing the size of the uninfected right footpad from the size of
the infected left footpad of each mouse at each time point.

Preparation of parasite antigens

Mixed adult L. sigmodontis were homogenized in sterile PBS,
centrifuged at 1000 g and the pellet discarded. Leishmania
major stationary promastigotes were suspended in sterile
PBS and lysed by freezing and thawing three times. Both
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extracts were syringe-filtered through a 20 um membrane
and stored at —20°C until required.

ELISPOT

ELISPOT plates (Millipore) were coated with 50 uL/well of
capture antibody (11B11 anti-IL-4 and R4-6A2 anti-IFN-y
(both Pharmingen)) diluted to 15 ug/mL in sterile carbonate
buffer and incubated overnight at 4°C. Plates were blocked
with 150 pL/well of 2% skimmed milk powder (Marvel) for
at least 2 h at 37°C. The spleen and lymph nodes were removed
from each mouse and aseptically pressed through a cell sieve
(BDH). Red blood cells were removed from the splenocyte
preparations using red blood cell lysis buffer (Sigma). Cells
were resuspended in Dulbecco’s Modified Eagle’s medium
(DMEM) (Sigma) supplemented with 100 U/mL penicillin,
100 pg/mL streptomycin, 2 mM L-glutamine (all from Gibco)
and 0-5% mouse serum (Sigma). Fifty uL/well of cell sus-
pensions containing 5x 10° cells (splenocytes) or 3 x 103
cells (lymph node cells) were plated in duplicate. Fifty uL of
parasite antigen (20 ug/mL) or supplemented DMEM was
added to each well. The plates were incubated for 72 h at
37°C +5% CO,.

After incubation 50 uL of biotinylated antibody was
added to each well and incubated for 2 h at 37°C (XMG1-2
at 1 pg/mL for IFN-yand BVD6-24G2 at 0-1 ug/mL for IL-
4 — both Pharmingen). Fifty pL. Extravidin alkaline phos-
phatase (Sigma) diluted 1 in 25 000 was added to each well
and incubated for a further 30 min. To detect spots 100 uL
of syringe-filtered (0-45 um) BCIP/NBT substrate (Moss
Substrates, Inc.) was added to each well. Plates were read by
an ImmunoSpot analyser (Cellular Technology Ltd) and
analysed using ImmunoSpot software. This software calcu-
lates the number of spots per well, in addition to the average
spot size per well. By multiplying both measurements together
it is possible to also compare an estimate of cytokine area
per well. We found no major differences between spot number
and cytokine area for any of the groups. Therefore the
ELISPOT data are represented by spot number. For thoracic
lymph nodes, spot numbers were adjusted for 5x 10° cells
per well for comparison with splenic cell numbers.

Antibody ELISA

ELISA plates (Nunc) were coated with 100 uL parasite
extract diluted to 5 ug/mL in 0-05 m carbonate buffer. Plates
were blocked with 100 puL/well of 1% skimmed milk powder
(Marvel) for 90 min at 37°C. Test sera were diluted 1 : 200
(IgG1 measurements) or 1:100 (IgG2a measurements) in
PBS with 0-5% Tween (PBST). Fifty uL of each sample was
added to each well and plated in duplicate. Plates were left
for 90 min at 37°C. Antibody levels were detected with 50 uL
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of peroxidase-conjugated goat anti-mouse IgG1 or goat
anti-mouse IgG2a (both Southern Biotechnology Associates
Ltd) diluted 1 : 6000 or 1: 200, respectively, in PBST. After
a further 90 minute incubation step at 37°C, plates were
developed with 50 uL of 2,2’-azinodi(ethylbenzthiazoline-6-
sulphonate) (ABTS, Kirkegaarde and Perry Laboratories,
Inc.) and read at 405 nm.

Statistical analysis

Five mice were included in each group for each experiment.
Two experiments were carried out and the data analysed
together, removing experimental effects using parametric
analysis of variance (ANOVA) (Minitab Inc). The number of
cells secreting IFN-y against L. major in the popliteal lymph
nodes was logarithmically transformed prior to analysis to
conform to the assumptions of parametric testing. Media-
induced responses in the popliteal lymph nodes, and all data
obtained from splenocytes, were square root transformed to
allow parametric testing. Ratios of cytokines were calcu-
lated by dividing number of IFN-y-producing spots by the
number of IL-4-producing spots for each animal. For
intuitive ease, the natural logs of ratios have been graphed,
with bars above 0 indicating a predominant type 1 response
and bars below 0 indicating a predominant type 2 response.
The natural log of the antigen-specific ratios (Figure 1)
was analysed. No experiment-by-treatment interaction
effects were observed in any of these analyses. Cytokine
responses of naive animals were not included in any of the
analyses, although the data are shown graphically for com-
parison. To calculate the overall L. major-induced pathol-
ogy, the area under the footpad swelling curve was calculated
for each infected animal and group differences were compared
using ANOVA to control for experimental effects.

RESULTS

Local immune responses to L. major and L. sigmodontis
remained highly polarized and compartmentalized
following co-infection

We set out to compare the parasite-specific immune responses
mounted by singly infected vs. co-infected animals and assess
any immunological interactions that occurred in animals co-
infected at distinct anatomical sites. For this purpose, C57BL/6
mice were infected with L. sigmodontis, and at 20 days post-
infection, when the adult parasites are resident within the
thoracic cavity, L. major was inoculated into the footpad.
Day 20 was chosen as a time point at which a full Th2
response had developed in the C57BL/6 mouse but prior to
significant death of L. sigmodontis parasites (6). At 40 days
post L. major infection, when lesions normally begin to heal (7),
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Figure 1 The ratio of IFN-y/IL-4-secreting cells in the lymph nodes
draining the sites of infection at 40 days post-L. major infection
(60 days post-L. sigmodontis infection). Graphs represent the
average natural log of the number of cells secreting IFN-y divided
by the number of cells secreting IL-4 for each group of animals.
Thus values greater than 0 show a type 1-dominated response and
values less than 0 represent a type 2-dominated response. Ratios for
the antigen-specific response to each parasite in each compartment
are shown. Animals singly infected with L. major and L. sigmodontis
are represented by the white and grey solid bars, respectively. The
hatched bars represent the co-infected animals. Error bars represent
the SEM. Both graphs represent the combined values for two
different experiments each containing five mice per group.

we measured IL-4 and IFN-y recall responses in the pop-
liteal lymph nodes draining the L. major infection site and the
thoracic lymph nodes draining the L. sigmodontis infection site.

We chose to measure the number of IL-4- and IFN-y-
producing cells in singly vs. co-infected animals by the ELISPOT
method. Although the demands of this method (on
reagents and cell number) limited the number of cytokines
we could test, it provided a highly quantitative assessment
of these signature cytokines in terms of both cytokine bias
and magnitude of the immune response. We first assessed
the ratio of IFN-y- to IL-4-producing cells in each mouse
and found that as expected, L. major infection induced a
predominant IFN-y response, whereas L. sigmodontis induced
a response dominated by IL-4-producing cells. This analysis
of IFN-y- to IL-4-producing cell ratios also demonstrated
that the bias of the immune response was not altered by co-
infection (ANovA, P > 0-05 in both compartments) (Figure 1).

The magnitude of the immune response to L. major in the
draining lymph node is altered by co-infection

We also compared the number of cytokine producing
cells per treatment group to see if co-infection altered the
magnitude of the immune response and found that a pre-
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Figure 2 Antigen-specific IL-4 and IFN-y responses in singly

and co-infected mice to L. major and L. sigmodontis at day 40
post-infection with L. major/day 60 post-infection with

L. sigmodontis. The number of cells per 5 x 103 lymph node cells
secreting IFN-y (white bars) and IL-4 (grey bars) against L. major
in the popliteal lymph nodes (a) and against L. sigmodontis in the
thoracic lymph nodes (b) are shown. Data shown include the
combined values of two different experiments each containing five
mice per group. The error bars show the SEM.

existing filarial infection enhanced the immune response
mounted against L. major. In the popliteal lymph nodes we
observed a significant increase in the number of cells secreting
IFN-yin response to L. major in co-infected animals compared
with animals singly infected with L. major (ANova, P < 0-05)
(Figure 2a). This enhancement of the anti-L. major type 1
response by a pre-existing type 2 response was surprising
because type 2 responses are thought to antagonize the
development of a type 1 response (15). Infection with L. major
at 20 days post-L. sigmodontis infection had a lesser impact
on the established immune response mounted against
L. sigmodontis. There was a decrease in the number of cells
secreting 1L-4 against L. sigmodontis in the thoracic lymph
nodes of co-infected animals, compared with animals singly
infected with L. sigmodontis, but this did not reach statisti-
cal significance (ANova, P = 0-069) (Figure 2b). Thus in both
lymph node populations, the anti-parasite immune response
measured was altered in magnitude in comparison with sin-
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Figure 3 Baseline IL-4 and IFN-y responses in mice singly and
co-infected with L. major and L. sigmodontis in the lymph nodes at
40 days post-L. major infection/60 days post-L. sigmodontis. The
response in the popliteal lymph nodes (a) and the thoracic lymph
nodes (b) is shown. The white bars represent the number of cells
secreting IFN-y and the grey bars represent the number of cells
secreting IL-4 per 5 x 103 lymph node cells. In both graphs, the
error bars represent the SEM of data from two independent
experiments.

¢gly infected animals. However the immune response was still
highly polarized towards type 2 in the L. sigmodontis com-
partment and towards type 1 in the L. major compartment.
The significant increase in L. major-specific IFN-y production,
for example, was accompanied by small but proportional
shift in IL-4, accounting for the unaltered ratios in Figure 1.

We also evaluated the lymph node responses in the absence
of antigen to assess whether there were baseline changes in
immune responsiveness. As observed for the antigen-specific
L. major response, there were a greater number of cells
secreting IFN-y in the popliteal lymph nodes of co-infected
animals compared with animals singly infected with L. major
(ANovA, P <0-01) (Figure 3a). However, there was also a
population of IL-4-secreting cells in co-infected animals
that was not present in animals singly infected with L. major
(ANova, P < 0-05) (Figure 3a). Analysis of nonspecific
background responses was thus able to demonstrate that
L. sigmodontis infection did influence the number of
IL-4-producing cells in the lymph nodes draining L. major
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infection, which was not apparent when looking at parasite-
specific responses. Consistent with the antigen-specific data,
however, this reflects the overall enhancement of cytokine
responses in co-infected mice, because relative amounts of
the two cytokines were unaltered. In contrast to the pop-
liteal lymph node, the number of cells spontaneously secret-
ing IL-4 or IFN-y in the thoracic lymph node draining
L. sigmodontis infection was unaffected by co-infection with
L. major (ANovA, P > 0-05) (Figure 3b). Overall, the evalua-
tion of both the background and antigen-specific responses
demonstrated that even following co-infection the response
was correctly polarized against each parasite and that the
predominant effect of co-infection was to alter the magni-
tude of that immune response. The most significant of these
was the enhancement of the IFN-y response to L. major
resulting from the presence of a pre-existing L. sigmodontis
infection.

Co-infection did not detectably alter responses at the
systemic level, as demonstrated by responses in the spleen
and parasite-specific serum istoypes

Because anti-parasite splenic immune responses can be
measured in both murine L. sigmodontis (5) and L. major
(16) infection, we hypothesized that the spleen could be a
possible site of immunological interaction that may lead to
the observed augmented anti-L. major response in the pop-
liteal lymph nodes of co-infected mice. Consistent with the
immune responses measured in the popliteal lymph nodes
(Figure 2a), co-infected animals appeared to have more IFN-
y-secreting anti-L. major specific cells in the spleen compared
with animals singly infected with L. major (Figure 4a). This
trend was not significant however (ANOvA, P > 0-05), indicat-
ing that the effect of co-infection on the splenic anti-L. major
immune response was limited. There was also no significant
difference in the number of anti-L. sigmodontis 11.-4-secreting
splenocytes between co-infected animals and animals singly
infected with L. sigmodontis (ANova, P > 0-05). However,
again similarly to the local lymph nodes (Figure 2b), there
was a decrease (albeit non-significant: ANOVA, P > 0-05) in
the co-infected animals compared with animals singly
infected with L. sigmodontis. The spleen thus mirrored the
draining lymph nodes with regard to changes in parasite-
specific responses on co-infection, but the effects were less
pronounced and did not reach statistical significance.
Antibody isotypes provide a useful marker of overall Th1/
Th2 bias and can reflect a more cumulative effect rather
than the snapshot provided by cytokine analysis. We thus
measured parasite-specific antibody isotypes in the serum,
using [gG2a as a measure of type 1 responses, and IgG1 as
an indicator of type 2 responses. Although we saw no signi-
ficant differences between co-infected animals and animals

© 2005 Blackwell Publishing Ltd, Parasite Immunology, 27, 317-324

Litomosoides—Leishmania co-infection

4 .

00 (a)  Anti-L. major splenocyte response
&~ 350+
=4
% 3007
L 2504
g
~ 200+
2
8 150
© 100+
e}
R

0
Naive L. major Co-Infected

250+
& (b)  Anti-L. sigmodontis splenocyte response
— 200+
X
[Te)
o 1501
=
£
3 100+
[&]
S
* N !_X—-
p4

0

Naive L. sigmodontis Co-Infected

Figure 4 Splenic 1L-4 and IFN-y responses to L. major and

L. sigmodontis during co-infection. Results are shown at day

40 post-infection with L. major/60 days post-infection with

L. sigmodontis. The number of cells secreting IFN-y (white bars)
and IL-4 (grey bars) against L. major (a) and L. sigmodontis (b) are
shown. The graphs represent the combined values of two different
experiments each with five animals per group. The error bars
represent the SEM.

singly infected with L. major in the amount of anti-L. major
IgG1 or IgG2a (ANovA, P > 0-05 in both cases) (Figure 5a),
a slight reduction in IgG1 was seen in co-infected animals.
This could reflect the enhanced IFN-y observed in this
group because IFN-y can have inhibitory effects on isotype
switching to IgG1 (17). Likewise there were no significant
differences in the levels of either IgG1 or IgG2a mounted
against adult L. sigmodontis at day 60 post L. sigmodontis
infection, whether or not L. major was present (Figure Sb)
(ANova, both P > 0-05). The antigen-specific 1gG1/1gG2a
antibody ratios thus supported the cytokine data and dem-
onstrated that co-infected animals were able to mount the
appropriate response to each infecting parasite, with little
evidence for significant interactions between the immune
responses mounted against L. major and L. sigmodontis.

The presence of filarial nematode infection is coupled to
a delay in L. major-induced lesion development

Our immunological analysis demonstrated that in the first
40 days following infection with L. major, a pre-existing
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Figure 5 Antibody isotypes generated against L. major (a) and

L. sigmodontis (b) in singly infected and co-infected animals. The
graphs show responses measured at day 40 post-infection with

L. major/60 days post-infection with L. sigmodontis. The white bars
represent optical density values (405 nm) measured for [gG2a and
the grey bars represent optical density values (405 nm) measured
for IgG1. The graphs represent the pooled values of two different
experiments each with five animals per group. The average of the
naive animals for each experiment and each isotype was subtracted
from the response of each individual mouse in the corresponding
isotype and experiment. The error bars represent the SEM.

L. sigmodontis infection in the thoracic cavity did not alter
immune bias but did alter magnitude. This was apparent
even at the popliteal LN draining the site of footpad infec-
tion. We assessed L. major-induced lesion development over
this 40-day period as an indicator of whether the established
nematode infection could alter the early course of disease
progression. Footpad swelling was measured every week
from the time of L. major infection until the termination of
the experiment. We observed a significant delay in the devel-
opment of footpad lesions in co-infected mice when com-
pared with mice singly infected with L. major (Figure 6):
2 weeks post-infection with L. major the co-infected animals
had smaller footpad swellings than the mice singly infected
with L. major (aNova, P <0-01) (Figure 6). Co-infected
mice also had less overall pathology during the course of the
experiment compared with mice singly infected with L. major,
as measured by the average area under the curve for each
group of mice (2:675 mm?-weeks for singly infected mice
and 2-182 mm?-weeks for co-infected mice, ANOVA, P < 0-05)
(Figure 6).

Both L. major and L. sigmodontis parasite numbers were
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Figure 6 The pathology induced by L. major is delayed in mice
co-infected with L. sigmodontis. The size of the control right footpad
was subtracted from the size of the left infected footpad for each
mouse. The graph represents the combined data from two different
experiments. Each experiment contained five mice in each group.
The grey circles represent the naive mice, the black circles represent
the animals infected with 3 x 10° L. major stationary promastigotes
and the open circles represent the co-infected animals. The footpads
of the animals singly infected with L. sigmodontis are shown by the
black squares and are shown as an additional control. Each symbol
represents the mean value for each group at each time point. The
error bars represent the SEM for 10 animals per group.

also assessed at the end of the experiments. Although no sig-
nificant differences were observed, there was a trend toward
higher L. major parasite numbers in the co-infected mice
(data not shown). Of interest, there was also a trend toward
reduced L. sigmodontis numbers in co-infected mice, sug-
gesting that the incoming L. major infection may have accel-
erated L. sigmodontis killing (data not shown).

DISCUSSION

Using the highly quantitative ELISPOT assay for IFN-yand
1L-4, we demonstrated that mice co-infected with a nema-
tode and a protozoan mount highly polarized immune
responses. This polarization is most striking at the lymph
nodes draining the sites of infection, but is also apparent at
a more systemic level in terms of splenocyte responses as
well as serum antibody. Although this result is not surpris-
ing, based on our knowledge that the immune system can
mount independent Thl and Th2 responses even at the
same site (18,19), it is a dramatic reminder that the mamma-
lian immune system has the capacity to appropriately
compartmentalize the immune response to simultaneous
infection with distinct pathogens (Figure 2).

At least three possible immunological outcomes of
co-infection with helminths and ‘type 1’ inducing patho-
gens can be envisaged. The first of these would be a cross-
regulatory outcome consistent with the competing roles of
IFN-yand IL-4 in early T cell development. This scenario is
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supported by studies that show a strong impact of helminth
infection on the development of subsequent type 1 immune
responses (20-22). However, recent data suggest that the
ability of helminth parasites to modulate type 1 immune
responses may have more to do with the induction of regu-
latory pathways than with a direct effect of type 2 cytokines
(23). Thus a second possibility is that a pre-existing helminth
infection induces regulatory pathways that diminish type 1
effector function. Although IL-4 and IFN-y are the only
cytokines we used as read-outs for the anti-parasite immune
response, we saw little evidence of type 1/type 2 cross-
regulation, nor any indication that type 1 responses were
diminished by regulatory activity. The regulatory cell popu-
lation that allows nematode survival in BALB/c mice (10)
may not be induced in C57BL/6 mice.

A third, more rarely considered possibility is that type 1
and type 2 responses act additively or even synergistically to
enhance overall immune responsiveness. Although only a
single time point was measured in our study, the pre-existing
L. sigmodontis type 2 response apparently led to an increased
IFN-y response against L. major by 40 days post-infection.
Ex vivo ELISPOT showed that co-infection with L. sigmodontis
also significantly increased the number of IL-4-secreting
cells in the popliteal lymph nodes compared to animals
singly infected with L. major. Because IL-4 has been shown
to promote IL-12 (24,25), it is possible that the presence of
IL-4 derived from the L. sigmodontis response could result in
the observed enhanced anti-L. major IFN-y response by
promoting IL-12 production. Enhancement of type 1 responses
by IL-4 is not without precedent; IL-4 can potentiate type 1
immune responses against tumours (26) and fungal infec-
tion (27) as well as promote type 1-mediated pathology in
auto-immune disease (28,29). The apparent synergy of type
1 and 2 cytokines has also been reported recently in the con-
text of L. sigmodontis infection, whereby IFN-yand IL-5 act
synergistically in the killing of the adult stage of the parasite
(30). This provides a possible explanation for our observa-
tion of a decrease in L. sigmodontis survival in the face of
increased IFN-y following co-infection.

Despite apparent anatomical segregation of the immune
responses, we did observe a delay in L. major-induced lesion
development. A delay in lesion development has also been
reported to occur in co-infection with established Schisto-
soma mansoni infection (31,32), although the delay in the
study by Yoshida et al. (32) did not reach statistical signific-
ance. La Flamme ef al. measured lesion size every 4 weeks
for 16 weeks (31) and demonstrated a delay both in lesion
resolution and development. We did not extend our obser-
vations as far, choosing instead to concentrate on a weekly
analysis of the early period, where we hypothesized that a
pre-existing nematode infection may tip the balance. How-
ever, data up to 6 weeks post-L. major infection look
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remarkably similar between our study and the S. mansoni
studies both in terms of a delay in lesion size and a trend
towards more L. major parasites in the co-infected animals.
This, combined with a slightly higher lesion size at 6 weeks
in our study (Figure 6), suggests that the long-term outcome
of this co-infection would mirror that of the La Flamme
study. Interestingly, in that study, enhanced IFN-y responses
at 8 weeks post L. major infection were preceded by a lower
IFN-y response at 4 weeks post-infection in co-infected
mice, a time point we did not measure. Thus an early delay
in IFN-y production as a result of pre-existing helminth
infection may explain higher parasite numbers and delayed
lesion size in both studies.

The ability of S. mansoni and L. sigmodontis to similarly
alter the progression of leishmaniasis is somewhat surprising,
considering that schistosomes and nematodes come from
different phyla and vary widely in their ecology and life
cycle patterns. Careful investigation of these similarities may
reveal important common features of co-infection dynamics.
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