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Cancer and One Health:
tumor-bearing individuals can act
as super spreaders of symbionts
In communities
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Recent theoretical advances in the One Health approach have suggested that cancer pathologies
should be given greater consideration, as cancers often render their hosts more vulnerable to
infectious agents, which could turn them into super spreaders within ecosystems. Although
biologically plausible, this hypothesis has not yet been validated experimentally. Using a community
of cnidarians of the Hydra genus (Hydra oligactis, Hydra viridissima, Hydra vulgaris) and a commensal
ciliate species (Kerona pediculus) that colonizes them, we tested whether tumoral polyps of H.
oligactis, compared to healthy ones, played an amplifying role in the number of ciliates, potentially
resulting in a higher likelihood of infection for other community members through spillovers. Our
results indicate that K. pediculus has a higher proliferation rate on tumoral polyps of H. oligactis than
on healthy ones, which results in the infestation of other hydras. However, the magnitude of the
spillover differed between recipient species. This study provides to our knowledge the first elements
of proof of concept that tumoral individuals in communities could act as super spreaders of symbionts
within and between species, and thus affect biotic interactions and dynamics in ecosystems.
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In the face of the numerous consequences of human activities on the planet (destruction of ecosystems, pollution,
climate change...) together with the emergence or re-emergence of diseases, it is now established that a holistic
approach, such as in the One Health framework, is essential*2. This integrated approach aims to understand and
address the complex links between human, animal, and environmental health®. By adopting a global perspec-
tive, One Health provides an effective response to contemporary challenges, fostering collaboration between
disciplines that do not routinely interact (e.g. medical, veterinary, ecological, and social disciplines). Although
there has been a plethora of work in the One Health perspective in recent years (see* for recent reviews), this
area of research is still very active, and major implications are yet to be revealed.

Given the diversity of the links between infectious agents and malignant pathologies’, Dujon et al.!® recently
advocated for a greater reflection on the integration of cancer into the One Health perspective. For example,
it is increasingly accepted that human activities are responsible for an increase in cancers in wildlife''%, and
this could affect the dynamics of parasite communities, given that cancers often lead to a greater vulnerability
to infections through, for instance, immune suppression®!>-7. More specifically, Dujon et al.!° predicted that
cancer pathologies could increase the circulation rate of infectious agents in ecosystems, when hosts harboring
tumors become super spreaders which could exacerbate zoonotic risks. Although conceptually appealing, the
importance of tumor bearing individuals as super spreaders has, to our knowledge, never been tested.
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Hydras, notably Hydra oligactis, Hydra vulgaris, and Hydra viridissima, are common freshwater cnidarians
regularly found in ponds and rivers in the northern hemisphere'®'?. Remarkably, individuals (polyps) in the
species H. oligactis frequently develop tumors under laboratory conditions®, with a specific strain even harbor-
ing a tumor line that is vertically transmitted during asexual reproduction (i.e. budding)* (see Fig. 1A,B). These
hydras, as well as other hydra species, are sometimes colonized by the ciliate Kerona pediculus, described as a
commensal species?*? (see however?*) (see Fig. 1C). These unicellular organisms live on the ectoderm of hydra
and feed on cellular waste and leftover food. Boutry et al.”® have demonstrated that ciliates not only exhibit a
strong colonization preference for tumoral hydras over healthy hydras but also display an increased population
growth rate on the former. Hydra is therefore a promising experimental model for exploring the potential role
of tumoral individuals as super spreader of symbionts in communities.

In this study, using several species of hydras and the ciliate K. pediculus, we aim to (i) first confirm the higher
proliferation rate of ciliates on tumoral hydras compared to healthy ones, observed by Boutry et al.?>; and then
(ii) evaluate the spillover role of tumoral individuals within and between hydra species.

Material and methods
The protocol used in this study is summarized in Fig. 2.

Origin of hydras and ciliates

We used hydras from different species and health status: (i) healthy and tumoral polyps from Hydra oligactis origi-
nating from the St Petersburg clonal strain maintained in culture for over 15 years, differ not only in phenotype
(body shape and number of tentacles) but also in microbiota (see?"*); (ii) healthy polyps from H. oligactis strain
CR, H. viridissima strain and H. vulgaris strain AEP, all obtained from Professor Galliot’s lab, in Geneva (Swit-
zerland) (see Fig. 1). The latter three strains have been chosen because they present similar body size (although
within-strain variability in the body size of polyps is present [personal observation]). All hydras were cultivated
in ciliate-free mass cultures filled with Volvic© at 18 °C under a 12-h photoperiod and fed ad libitum three times
a week with artemia nauplii (as described in?’). The ciliates originated from a mass culture of wild H. oligactis

Fig. 1. Healthy (A) and tumoral (B) H. oligactis of the St Petersburg strain, the ciliate K. pediculus (C), and the
three other introduced hydra strains (C,D). (A) Healthy H. oligactis of the St Petersburg strain (the body is long
and thin). (B) Tumoral H. oligactis of the St Petersburg strain presenting numerous masses thickening the body
column. (C) Three ciliates on the bottom of the plate. (D) H. vulgaris AEP with testis on his body column. (E)
H. oligactis CR. (F) H. viridissima. A trinocular magnifier was used to take the pictures, scale bars: 1 mm for
pictures A and B, 200 pum for the C, and 2 mm for D, E, and E
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Fig. 2. Illustration of the protocol (see text for details).

samples collected from the field (Montaud lake in France; 43°44'52" N; 3°59'23" E). This study was conducted
in accordance with relevant institutional, national, and international guidelines and legislation.

Protocol

Ciliate amplification

To confirm the results of Boutry et al.*>, we isolated 18 healthy and 18 tumoral hydras from the St. Petersburg
strain and placed them individually in standard cell culture plates (12-well plates, Thermo Scientific, 1.5 ml/well).
These hydras are referred to as resident hydras. Each individual was infected with two ciliates sampled from wild
hydras, using a P100 pipette (Thermo Finnpipette™) under a binocular magnifier, by gently aspirating the water
around the hydra. Polyps were not fed during the experiment so as not to interfere with the amplification of
ciliates, which may feed on hydra food leftovers. Over the duration of the experiments, the inoculated resident
hydras produced buds which were removed from the wells to preserve the resident hydras as the only possible
host. The buds were removed taking care to leave any ciliates they might have hosted in the well, to avoid altering
their amplification. After 7 days, the ciliate load on healthy and tumoral hydras was counted. For one tumoral
hydra, infection failed, reducing the planned sample size to 5 (from 6) in the infection experiment (see below).

1.25

Spillover role of tumoral hydras within and between species

To estimate the spillover potential of healthy and tumoral hydras within and between hydra species, we intro-
duced with the resident hydras, one week after they have been infected by ciliates, one healthy polyp of the other
H. oligactis strain (i.e. CR) or of the other hydra species. We therefore paired the 17 tumoral and infected St
Petersburg hydras with 5 H. oligactis CR, 6 H. viridissima or 6 H. vulgaris (i.e., a total of 17 pairs). As a control,
we paired the 18 non-tumoral and infected St. Petersburg hydras with 6 H. oligactis CR, 6 H. viridissima or 6 H.
vulgaris for a total of 18 pairs (see Fig. 2). As before, the polyps were no longer fed from the start of the experi-
ment, and if buds were produced, they were removed, leaving any ciliates they may have hosted in the well. The
number of ciliates on each polyp was counted on the next four consecutive days on each resident and introduced
hydra. All the ciliates were attached to the hydras and none were found moving freely within the well. When
conducting preliminary trials, we observed that within our experimental settings, hydras started to decompose
only during the third week of fasting (e.g., loss of tentacles, loss of body shape, and shedding of ectoderm cells),
producing organic material that ciliates could feed on. Therefore, we used two weeks as the maximum duration
to conduct our experiments.

Data analysis
We used the R software (version 4.2.2)?® to analyze the data; and "GGplot2" package® to create graphical
representations.

Generalized linear mixed-effects models (GLMM:s) from the “glmmTMB” package®® were utilized to analyze
ciliate load, as this variable represents repeated count data that are non-normally distributed. The ciliate load
on resident hydras was analyzed based on their status (healthy or tumoral) and time, using a Poisson distribu-
tion. The analysis of ciliate load on introduced hydras according to the status of the resident hydra in their
well and time used a negative binomial distribution, to account for underdispersion of residuals when using a
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Poisson distribution. For the two analyses, a random intercept effect for each individual was added to account
for the repeated measurements on the same individuals. Following the three-step protocol of Zuur et al.*!, model
selection initially focused on the random effect, followed by the fixed effect, guided by the corrected Akaike
information criterion (AICc) weights obtained using the "MuMIn" package®’. Subsequently, the adequacy of
the obtained model fit (e.g. distribution and variance of residuals) was verified using the "'DHARMa" package®,
which conducts Kolmogorov-Smirnov, outlier, and overdispersion tests on model residuals. The detail of the
variable types (i.e. in this case, continuous or categorical variables) as well as all constructed models and their
associated AICc weights, are presented in Table S1 in the supplementary materials.

Results and discussion
Ciliate amplification rate is higher on tumoral hydras
One week after the inoculation of two ciliates in the wells containing resident hydras, tumoral hydras harbor an
estimated average 2.4 times more ciliates than healthy ones throughout the week (Fig. 3A, Days 0 to 4; GLMM,
effect of resident hydra status, IRR=2.38, SE=0.49, p-value <0.001) with an observed weekly average ciliate
load of 2.85+0.19 for healthy polyps, and 9.25+ 073 for tumoral. Furthermore, while the ciliate load was stable
on healthy hydras, it increased in average by close to 15% per day in tumoral ones, after the introduction of
the healthy polyps (Fig. 3A; GLMM, interaction effect of resident hydra status and time, IRR=1.15, SE=0.06,
p-value=0.008). Thus, tumoral hydras harbor a higher ciliate load than healthy hydras even after new hydras
were introduced in the system (see Fig. 3A).

These data confirm the higher amplification rate of ciliates on tumoral hydras compared to healthy ones,
as reported by Boutry et al.”*. Precise reasons behind this phenomenon are unclear, but could simply be due
to the fact that tumoral polyps are bigger (see®), offering more space and/or resources for proliferating ciliates
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Fig. 3. Ciliate load on resident and introduced hydras at the introduction of the latest, seven days after the
infection of the resident hydras with two ciliates. Measurements begin at Day 0 when the introduced hydras
have been added to the well, which is seven days after infecting the resident hydras with two ciliates. The
trend line represents the average value predicted by a generalized linear model and the bands the associated
confidence interval at 95%. (A) Ciliate load of resident hydras according to their status and time, seven days
after their infection with two ciliates. Individual data are connected with a thin colored line. (B) Ciliate load of
introduced hydras according to the status of the resident hydra (next to which they were placed at day 0), and
time, for each species.
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or due to immunodepression caused by the tumor and/or associated microbiome (see® for a more exhaustive
list). Also, significant variability in ciliate load is observed among hydras within each status, and at least two
non-exclusive explanations could be advanced to explain this observation. As above, the body size, which is
variable between polyps, could provide different surface area and cellular waste for ciliates to develop and feed
upon (see for instance®*). The general health condition could be another explanation for the variability in both
healthy and tumoral hydras’ ciliate load. For instance, it has been observed that ciliate load increases drastically
when a hydra’s life comes to an end (personal observation, S.T, ].B, and ].M), independently of the presence of a
tumor. The presence of tumors could decrease the general physical condition of the hydras and accentuate the
amplification of ciliates. Consequently, the general physical condition of some hydras may have been poorer
or deteriorated faster than others, especially in the context of fasting, thereby introducing variability in ciliate
load. Further studies are therefore needed to evaluate the impact of body size and general physical condition of
healthy and tumoral hydras on their ciliate load.

Tumoral hydras can act as super spreaders but the magnitude of the effect is species dependent
The analysis of ciliate load on introduced hydras shows a global increased colonization rate over time regardless
of the status of the resident hydra (Fig. 3B; GLMM, effect of time, IRR=1.64, SE=0.09, p-value <0.001). However,
a hydra (all species combined) placed next to a tumoral hydra harbors on average around 2.4 times more ciliates
than one placed next to a healthy hydra (Fig. 3B; GLMM, effect of resident hydra status, IRR=2.38, SE=0.85,
p-value=0.015) with an observed weekly average ciliate load: 1.00 +0.14 next to a healthy polyp, 2.60+0.39
next to a tumoral polyp). Furthermore, this ciliate load varies according to the species of the introduced hydras;
H. vulgaris exhibits a reduced ciliate load about 76% compared to H. oligactis CR and H. viridissima (Fig. 3B;
GLMM, effect of introduced hydra species, IRR=0.24, SE=0.11, p-value=0.001), which display comparable
ciliate loads (observed weekly average ciliate load: 2.62+0.51 for H. oligactis, 2.18 £ 0.34 for H. viridissima, and
0.60£0.13 for H. vulgaris).

These data support the hypothesis that tumoral individuals could act as super spreaders of symbionts, result-
ing in a higher ciliate load on the introduced hydra when the resident hydra was tumoral rather than healthy. This
observation could be caused by two non-exclusive mechanisms. First, it could result from a higher spillover rate
from the tumoral hydras compared to healthy ones, due to their enhanced ciliate amplification on the former,
followed by a dispersal process. Second, it could be that the ciliate amplification rate on the introduced hydra is
increased in the presence of tumoral hydra in the well. Because the first hypothesis seems more parsimonious,
we favor it. Not only tumoral hydras transfer a higher number of ciliates to other hydras, it is also likely that
the subsequent local amplification of ciliates on each tumoral hydra accentuates the final difference observed.
Interestingly, this spillover effect, for reasons that remain to be determined, varies in intensity depending on the
species introduced. Further studies, both in the field and/or in the laboratory, would be necessary to determine
whether this differential colonization pattern is naturally observed between the Hydra species used here. For
field specimens, this exploration will however need to correct for body size heterogeneity since, for instance, H.
viridissima individuals are usually the smallest in natura. Similarly, it would be relevant to explore if the mean
ciliate load of each recipient species is, in the long term, enhanced in the presence of super spreader tumoral
polyps, as well as the fitness consequence for the colonized hydra. In addition, it would be necessary to explore
the general health status (and immunity) of hydra placed near a tumoral one. Indeed, we cannot exclude the
hypothesis that tumoral hydras transmit infectious agents to other hydras, leading to an immunosuppressive
effect that increases ciliate load. However, this alternative hypothesis would still support the idea that tumoral
hydras can act as super spreaders of pathogenic species. Since it is plausible that the larger size of the hydra body,
rather than the presence of the tumors itself, contributes to the increased ciliate load, future studies should assess
whether oversized healthy individuals can reproduce the spillover effects observed in tumoral individuals. This
could also be tested experimentally by transplanting healthy tissues (see for instance’*®) to enhance the body
size of hydras with reason other than tumors. Such research is crucial to distinguish the contributions of tumor-
related factors from those related to polyp size. Furthermore, it is important to note that K. pediculus is defined
as an epibiotic commensal and, according to the literature, does not harm its host (see however?*). Although our
results represent a first step towards such a proof of concept, a more definitive demonstration would require the
study of pathogenic organisms and their impacts on both tumor and healthy hosts. It is essential to consider that
pathogens, unlike commensals, might shorten the lifespan of tumoral hosts, potentially preventing them from
becoming effective super spreaders. This hypothetical difference warrants further discussion and investigation
to understand how pathogens might alter the dynamics observed in our study. In any case, this suggests that the
spillover role of tumoral individuals, and its consequences, may not be an easy phenomenon to understand and
predict in ecosystems, and further studies are necessary before generalizations can be made.

Conclusion
One of the central goals in research within the One Health theme is to understand the complexity of direct and/or
indirect factors that drive the dynamics of pathogens in ecosystems and facilitate spillovers between species’’ .
Although there are multiple connections between cancerous pathologies, infections and pathogen transmission’,
to our knowledge, no study has attempted to link the two within a One Health perspective. Such concerns are
nevertheless important because several human activities influence the prevalence of cancers in nature'"'>!4. In
this work, we explored a key prediction proposed by Dujon et al.'—namely, that tumoral individuals within
communities could play the role of symbiont amplifiers, increasing the likelihood of spillover to other species.
Our study provides the first preliminary evidence that tumoral individuals, at least in Hydra, could act as
a super spreader of symbionts within and between species. Our findings confirm that tumoral hydras exhibit
higher ciliate loads and demonstrate that they have a more pronounced spillover effect compared to healthy
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ones, although with different consequences according to the species introduced. While the reasons for the higher
ciliate colonization of tumoral hydras remain unclear (see also®), these results represent a first step towards full
proof of concept, assessing the potential implications of tumor-induced vulnerability to infections for ecosystem
functioning®. Further research using more complex experimental approaches is needed to understand the proxi-
mate mechanisms underlying the spillover effect of tumoral individuals and to generalize the results obtained
to other models, thus exploring their ecological realism. By improving our understanding of these processes
through the One Health approach, we can enhance strategies for managing disease transmission and preserving
ecosystem stability in natural populations.

Data availability
Scripts and data associated are provided in supplementary information.
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