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Schistosome vaccine testing: lessons from the baboon model
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The high level of protection elicited in rodents and primates by the radiation-attenuated schistosome vaccine
gives hope that a human vaccine relying on equivalent mechanisms is feasible. In humans, a vaccine would be
undoubtedly administered to previously or currently infected individuals. We have therefore used the olive baboon
to investigate whether vaccine-induced immunity is compromised by a schistosome infection. We showed that
neither a preceding infection, terminated by chemotherapy, nor an ongoing chronic infection affected the level of
protection. Whilst IgM responses to vaccination or infection were short-lived, IgG responses rose with each succes-
sive exposure to the vaccine. Such a rise was obscured by responses to egg deposition in already-infected animals.
In human trials it would be necessary to use indirect estimates of infection intensity to determine vaccine efficacy.
Using worm burden as the definitive criterion, we demonstrated that the surrogate measures, fecal eggs, and circu-
lating antigens, consistently overestimated protection. Regression analysis of the surrogate parameters on worm
burden revealed that the principal reason for overestimation was the threshold sensitivity of the assays. If we
extrapolate our findings to human schistosomiasis mansoni, it is clear that more sensitive indirect measures of
infection intensity are required for future vaccine trials.
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A schistosome vaccine would provide a useful tool
for the control and eradication of Schistosoma mansoni.
In spite of several decades of research an effective vac-
cine remains elusive but the successful induction of high
levels of protective immunity in laboratory hosts, by ra-
diation-attenuated (RA) cercariae, nevertheless gives
hope that it is feasible (Coulson 1997). Current advances
in post-genomic techniques are providing new avenues
to identify the secreted and surface-exposed antigens that
mediate protection (Curwen et al. 2004, Dillon et al. 20006)
and should eventually lead to replacement of the RA vac-
cine with recombinant protein formulations. Once their
protective potential has been established in laboratory
models, human vaccine trials will be required. Such trials
will inevitably be undertaken in endemic areas where many
people receiving the vaccine will either harbor a schisto-
some infection or have previously been infected and had
curative chemotherapy. Given the fact that schistosome
infections rapidly downmodulate from the acute to the
chronic stage (King 2001), is it likely that vaccine-induced
immunity would be severely compromised in human hosts?

There is a second question mark over human vaccine
trials. How effectively can infection intensity be assessed
using currently available surrogate measures of worm
burden, namely fecal egg output and circulating antigen
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levels? To date, there have been no convincing studies
that accurately describe the relationship between these
parameters and worm burden in humans or animal models.

The baboon as a model host for schistosomes

The olive baboon (Papio anubis) is a highly permis-
sive host for S. mansoni, with up to 80% of penetrant cer-
cariac maturing into adult worms (Yole et al. 1996, Farah et
al. 1997) compared with a maximum of 30-40% in mice.
The higher proportion of parasites maturing, the greater
the confidence a researcher can have that any reduction
associated with vaccination is the result of immune-medi-
ated elimination and not simply some physiological con-
straint. Another disadvantage of the mouse model is that
the egg-induced pathology, resulting from a burden of
only one to three worm pairs, leads to significant morbid-
ity and mortality from 12 weeks after infection (McHugh
et al. 1987), precluding long-term experiments. In con-
trast, an adolescent baboon is equivalent in size to a hu-
man child and can harbor a substantial burden of several
hundred worms indefinitely. The pathology is less in-
tense than in humans but significant periportal fibrosis
has been reported in longer-term infections (Farah et al.
2000). The baboon is also phylogenetically closer to hu-
mans that the laboratory mouse so that findings are likely
to have more relevance to the human condition.

The RA schistosome vaccine is effective in baboons
but multiple exposures are needed to elicit a high level of
protection (Yole et al. 1996, Kariuki et al. 2004). Indeed, it
appears that successive exposures progressively boost
schistosome-specific IgG levels but this response is not
sustained without continued immunostimulation. Thus,
when challenge was given 12 weeks after the last vacci-
nation instead of after the usual three-week interval, a
substantial reduction in the level of protection was ob-
served (54 and 86%, respectively; Kariuki et al. 2004). Itis
noteworthy that in these experiments the immune priming
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that follows egg deposition greatly exceeds that elicited
by attenuated cercariae, in terms of the magnitude of pro-
liferation, cytokine production and ensuing antibody
levels. Although the level of anti-larval IgG appears cru-
cial to the protective response, we know little about the
immune mechanism(s) involved in parasite elimination in
the baboon, or the relevant antigens. While the RA vac-
cine is unsuitable for use in humans, the fact that it can
reproducibly elicit high levels of protection makes it an
ideal system for investigating the interaction of vaccina-
tion with infection. In this respect, the capacity of the
baboon to tolerate long-term infections allows experiments
that would never be feasible in the mouse to be under-
taken.

Does a schistosome infection compromise vaccine
efficacy?

We have investigated the impact of previous and cur-
rent schistosome infections on the outcome of exposure
to the RA vaccine (Kariuki et al. 2006). In the first experi-
ment we tested whether vaccine efficacy was compro-
mised when the vaccination regime followed closely upon
a primary infection that had just reached the chronic down-
modulatory stage before being terminated by praziquantel
treatment (at 12 and 13 weeks). This required four groups
of baboons, two serving as vaccination control and chal-
lenge control, respectively. The remaining two comprised
infected, treated and vaccinated animals and infected,
treated only animals. The vaccination regime comprised
five exposures to 9000 attenuated cercariae at four-week
intervals. All four groups received a challenge with 800
normal cercariae at 37 weeks (three weeks after the last
vaccination), and worms were recovered by perfusion of
the hepatic portal system ten weeks after challenge. There
was no difference in the level of protection induced in the
infected, treated, vaccinated group relative to the vacci-
nated only control (75 and 77%, respectively). In paren-
thesis, infection and treatment alone elicited a modest
level of protection, similar to that observed in another
recent baboon study (Nyindo et al. 1999).

In the second experiment, we investigated whether
vaccine efficacy was compromised when the five vacci-
nations were superimposed on a chronic schistosome in-
fection over the period from 14 to 30 weeks. This in-
volved three groups, the vaccine-only controls, challenge
controls and the infected, vaccinated and treated animals.
Chemotherapy was required to eliminate the primary
worms before challenge, to permit accurate determination
of challenge worm burdens; this was carried out at 32 and
33 weeks prior to challenge at 37 weeks. Once again, the
level of protection in the infected, vaccinated group was
virtually identical to that of the vaccine-only controls (66
versus 62%). The slightly lower levels compared to the
first experiment are most likely the result of the longer
interval (seven weeks) between the last vaccination and
challenge.

It should be noted that in both experiments estimation
of fecal egg output and circulating antigens in infected
animals confirmed the presence of substantial primary
worm burdens prior to curative chemotherapy.
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Immune reactivity to infection and vaccination

We used antibody responses to various crude para-
site preparations as indicators of immune reactivity. In
groups receiving an initial infection, after an early peak
IgM went into a rapid decline that was not boosted by
vaccination. By the time of challenge, levels were low
and unlikely to contribute to the protective mechanism.
This low level of specific IgM persisted after challenge in
previously infected groups in spite of significant egg depo-
sition between five and ten weeks. In contrast, both vac-
cine and challenge controls mounted a strong but not
sustained IgM response to eggs. Consecutive vaccina-
tions boosted the IgG response in the vaccine-only group
which was also perceptible in the infected, treated and
vaccinated group. However, the sustained IgG levels in
the group with an ongoing infection obscured any re-
sponses to the superimposed vaccination regime. It was
notable that, as in previous studies (Yole et al. 1996,
Kariuki et al. 2004) the challenge infection failed to boost
IgG responses, which continued to decline until the on-
set of egg deposition. We conclude that the antibody
response to schistosome eggs is so dominant that it is
difficult to discern any parallel response to other life-cycle
stages. The problem is compounded by the degree of an-
tigenic cross-reactivity between larval and egg secre-
tions, largely due to shared glycan epitopes (Eberl et al.
2001). It highlights the need to identify stage-specific in-
dicator antigens that provoke a measurable response
after infection or vaccination, before we are able to dis-
sect immune responses to cercariae, schistosomula, adults
and eggs.

Use of surrogate measures to determine vaccine efficacy

The most desirable attribute of a schistosome vaccine
would be its ability to reduce worm burdens. In experi-
mental animal models this is reliably determined by com-
paring values in test and control groups after worm re-
covery by portal perfusion. Obviously, it is impossible to
obtain this direct measure from human patients so that
estimates of worm burden must rely on surrogates. Con-
ventionally, these are fecal egg output (Sturrock et al. 1978)
and the level of schistosome antigens in the circulation
(Deelder et al. 1989, Polman et al. 2000), parameters that
would have to be used in any future trial of a vaccine
against schistosomiasis mansoni. In our recent baboon
studies (Kariuki et al. 2004, 2006), we were able to com-
pare the estimates of protection based on worm burden
with those derived from fecal eggs and circulating anti-
gens. We found that in almost all instances the surro-
gates overestimated the actual level of protection
achieved. Figure depicts original data to illustrate the
point.

Implications for human schistosomiasis mansoni

It is important to ask why the surrogates should con-
sistently overestimate protection, a question we shall
address in a future publication. However, a major con-
tributory factor is undoubtedly the limited sensitivity of
the surrogate assays. A regression of fecal egg output
and circulating antigen levels, at steady state prior to per-
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Comparison of the levels of protection calculated from A: worm
burdens and B: fecal egg output. Worms were recovered by perfu-
sion of the portal vasculature 10 weeks post-challenge. Values for
fecal egg output are the means of eggs per gram (epg) at weeks 8, 9,
10 post-challenge (9 replicates). Percent protection was deter-
mined using the formula (control — test)/control x 100, and is
indicated above each bar; *** P <0.001, **P <0.01, * P <0.05.
Values are mean + SEM (n = 5-7). Experimental groups were ITV
(infected, treated, and vaccinated), IT (infected and treated), TV
(treated and vaccinated), and C (challenge control).

fusion, against worm burden revealed thresholds for de-
tection lying between 24 and 47 worms. In the case of
fecal eggs, the estimates were based on nine replicate
samples per animal, far more than would be made in com-
parable human studies; for circulating antigens, the val-
ues were derived from two or three samples per animal. If
we extrapolate from our findings to the human situation,
the impact of assay insensitivity will be greatest where
people have low worm burdens, leading to a larger pro-
portion of individuals being considered negative than is
warranted by their actual infection status. Thus, chemo-
therapy of only those people with a positive fecal smear
or circulating antigen assay will miss a proportion of the
population who are contributing to transmission. Fur-
thermore, reliance on surrogates for evaluation of treat-
ment will result in overconfidence about its efficacy. A
method for accurately determining infection intensity is
crucial, in view of the recent demonstration by King et al.
that the performance-related symptoms and disability
linked morbidities due to schistosomiasis are greater than
originally estimated (King et al. 2005). This study con-
cluded that even light infections should not be overlooked
as a cause of disability.

These observations also have implications for vac-
cine testing. Human vaccine trials are likely to be under-
taken in individuals given chemotherapy to “clear” their
worms, and ultimately in previously unexposed children.
After administration of the vaccine or placebo, the worm
burdens that will gradually accrue in these individuals
will only become reliably detectable as they rise above
the thresholds. Although the threshold distortion dimin-
ishes with higher worm burden, protection will always be
overestimated. The consequence would be a misleading
impression that the vaccine was more efficacious than in
reality, especially if the evaluation was carried out soon
after egg excretion began in the placebo group.

Conclusions

Given both the ethical concerns and the expense of
using primates for research, it is pertinent to ask what we

have been able to achieve in the baboon that would not
have been possible in the murine host. Our most impor-
tant finding was that the protection elicited by the RA
vaccine is not diminished by either a previous or an on-
going schistosome infection. From this we infer that the
vaccine-induced immunological mechanisms are not com-
promised by the infection in spite of the fact that anti-
body responses to eggs, measured using crude antigen
preparations, totally obscure those to larvae. The disso-
ciation of vaccine- from egg-induced responses augers
well for the success of a recombinant vaccine based on
the mechanisms of the RA vaccine. We have also estab-
lished, for the first time, the quantitative relationship be-
tween worm burden and the surrogates used to estimate
infection intensity, so revealing the limitations of the lat-
ter. This emphasizes the need for more sensitive determi-
nants of infection intensity before human trials of schis-
tosomiasis mansoni vaccines take place. The requirement
for better assays is not a novel sentiment, having been
expressed by de Vlas and Gryseels in 1992, but there have
been no dramatic improvements in the intervening years.
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