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WILDLIFE DISEASE

Wildlife trade drives animal-to-human  
pathogen transmission over 40 years
Jérôme M. W. Gippet*, Colin J. Carlson, Tristan Klaftenberger, Mattéo Schweizer, Evan A. Eskew,  
Meredith L. Gore, Cleo Bertelsmeier 

INTRODUCTION: The wildlife trade is an important form of human-
animal interaction that affects around a quarter of all mammal 
species. Multiple trade-related activities, including harvesting, 
breeding, warehousing, transport, market placement, and end use, 
create opportunities for cross-species pathogen transmission. As 
such, the human-animal interactions occurring throughout wildlife 
trade networks can lead to infectious disease outbreaks in humans, 
including epidemics and pandemics with major socioeconomic 
impacts. Although several high-profile outbreaks, including the 
emergence of HIV, the 2014 West African Ebola epidemic, the  
2003 mpox outbreak in North America, and the COVID-19 pan-
demic, have been linked to traded wildlife, the long-term impact of 
the wildlife trade in shaping pathogen exchange between humans 
and wild animals remains unclear.

RATIONALE: Research on the determinants of host-pathogen 
interactions has mostly focused on ecological and evolutionary 
drivers in the absence of human influence, and disease dynamics in 
the wildlife trade remain poorly studied. In theory, traded wildlife 
should be more likely to share pathogens with humans because 
frequent and close contact increases opportunities for cross-species 
transmission. Therefore, the longer and more intensely species are 
traded, the more pathogens they should share with humans. We 
empirically tested whether traded species are more likely to share 
pathogens with humans than nontraded species, how live-animal 
markets and illegal trade modify this risk, and whether time spent 
in trade predicts the number of zoonotic pathogens hosted by wild 
animal species.

RESULTS: Focusing on mammals, we showed that, among  
2079 traded species, 41% share at least one pathogen with humans, 

compared with 6.4% of nontraded species. Traded mammals are 
about 1.5-fold as likely to be zoonotic hosts, even after controlling 
for phylogeny, geography, research effort, synanthropy, and 
consumption by humans. Synanthropic species and those 
consumed as food are also more likely to share pathogens with 
humans, but these effects are weaker and partly mediated by 
trade and research effort. In addition, species traded live are more 
likely to share pathogens with humans, and illegally traded 
species share more pathogens with humans than those traded 
only legally. Finally, a temporal analysis of 583 mammal species 
listed by the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES) over 40 years (1980-
2019) shows that time in trade is a key predictor of zoonotic 
pathogen richness. On average, a wild mammal species shares one 
additional pathogen with humans for every 10 years it is present 
in the global wildlife trade.

CONCLUSION: Wildlife trade is a major driver of animal-to-human 
pathogen transmission. Trade status strongly increases the probabil-
ity that a mammal is a zoonotic host, and cumulative time in trade 
predicts how many pathogens it shares with humans. Live-animal 
markets and illegal trade further amplify these risks. These findings 
highlight that cross-species pathogen transmission is an inherent 
consequence of diverse uses of wildlife by humans and underscore 
the need to strengthen biosurveillance and integrate zoonotic risk 
considerations into wildlife trade regulations to help prevent  
future pandemics. 
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Wildlife trade drives zoonotic 
pathogen transmission over  
40 years. By analyzing 40 years of 
international trade in wild mammal 
species, we show that the number of 
zoonotic pathogens hosted by a 
wildlife species increases with the 
number of years it has been present 
in trade: On average, a species  
shares an additional pathogen with 
humans for every decade it has been 
present in trade. 
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WILDLIFE DISEASE

Wildlife trade drives 
animal-to-human pathogen 
transmission over 40 years
Jérôme M. W. Gippet1,2*, Colin J. Carlson3, Tristan Klaftenberger2, 
Mattéo Schweizer2, Evan A. Eskew4, Meredith L. Gore5,  
Cleo Bertelsmeier2 

The wildlife trade affects a quarter of terrestrial vertebrates and 
creates opportunities for cross-species pathogen transmission, 
but its precise role in shaping animal-human pathogen 
exchange remains unclear. In our analysis of 40 years of global 
wildlife trade data, we show that traded mammals are 1.5-fold 
as likely to share pathogens with humans as nontraded 
mammals, and that illegal and live-animal trade further 
exacerbate pathogen sharing. Time spent in trade predicts the 
number of zoonotic pathogens that a wildlife species hosts. On 
average, a species shares an additional pathogen with humans 
for every 10 years it is traded.

Interactions between humans and wild animals promote the transmis-
sion of parasites and pathogens (1, 2) and can lead to infectious disease 
outbreaks (3, 4), including epidemics and pandemics that cause large 
numbers of fatalities and long-lasting socioeconomic harm (1, 5, 6). 
Understanding what shapes the spread of zoonotic (i.e., transmissible 
to humans) pathogens (including parasites) across species is a public 
health priority and is important for understanding disease ecol-
ogy (1, 7).

The wildlife trade is one form of human-animal interaction that 
creates opportunities for animal-to-human pathogen spillover. This 
can happen across all stages of trade, including harvesting, breeding, 
transport, stockpiling, warehousing, retail, consumption, and com-
panionship (1, 8–12). For instance, a person buying three Finlayson’s 
(variable) squirrels (Callosciurus finlaysonii) in a Laotian wildlife 
market has been estimated to have an 83% chance of getting at least 
one leptospirosis-infected individual (11). The wildlife trade is also a 
common source of disease outbreaks in humans (8, 13), including the 
COVID-19 pandemic (14, 15). Although the hunting and consumption 
of wild meat has been linked to major epidemics such as the HIV 
pandemic (16) and some Ebola outbreaks (17), various types of wildlife 
use and trade can also cause human infectious disease outbreaks 
(8, 13). For example, anthrax infections have been linked to hides 
sourced from wildlife used for drums traded among musicians (18), 
and the trade in exotic pets has been implicated in multiple outbreak 
events, including the 2003 mpox outbreak in North America linked to 
prairie dogs (Cynomys ludovicianus) (19) and recent Salmonella hos-
pitalizations traced back to bearded dragons (Pogona vitticeps) (20).

Recent research on the determinants of host-pathogen interactions 
has mostly focused on environmental, life history, ecological, and evo-
lutionary drivers (4, 9, 21–28). However, disease dynamics in the wild-
life trade, including transmission to and from humans, remain poorly 
studied (1, 29, 30), and previous empirical work has only focused on 
quantifying the number of zoonotic pathogens occurring in traded 

animals (31–34). In theory, traded wildlife should be more likely to share 
pathogens with humans because frequent and close contact with hu-
mans increases opportunities for pathogen transmission (1, 2). This can 
occur either through zoonotic spillover, where pathogens from wildlife 
infect humans (35), or through reverse zoonosis (or anthroponosis), 
where pathogens are transmitted from humans back to wildlife [e.g., 
white-tailed deer contracting severe acute respiratory syndrome corona
virus 2 (SARS-CoV-2)] (2, 36). Moreover, the more frequently species 
are traded, the more pathogens they should share with humans.

Here, we investigated links between the global wildlife trade and 
pathogen sharing between humans and wildlife while accounting for 
potential biases and the influence of other anthropogenic factors. We 
focused our analysis on mammals because many human emerging 
infectious diseases originate in them (26, 37) and because their patho-
gens have been studied in substantially more detail than any other 
vertebrate clade (29, 38, 39). Moreover, a quarter of all mammal species 
are involved in the global wildlife trade, either as living animals (e.g., 
biomedical research and exotic pets) or as products (e.g., the fur in-
dustry and traditional medicine) (40, 41). As a foundation for our 
analyses, we used three extensive wildlife trade datasets to assess the 
occurrence of mammal species in the legal and illegal global wild-
life trade: the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES) (42), the Law Enforcement 
Management Information System (LEMIS) (43, 44), and the Dataset 
of Seized Wildlife and their intended uses (DSW) (45). The CITES trade 
database documents the legal international wildlife trade in live ani-
mals and animal products. It is global in scale and spans five decades 
(1975 to present), although it only contains records for CITES-listed 
species (~13% of all mammal species) (42, 46). The LEMIS trade data-
base compiles records of live animals and animal products imported 
into the US between 2000 and 2022 (43, 44, 47). Although LEMIS is 
limited to US importations and covers a shorter timespan than the 
CITES trade database, it includes all mammal species and thus pro-
vides valuable information on the trade in species not recorded by 
CITES. Therefore, we used both CITES and LEMIS to assess the taxo-
nomic extent of the legal global wildlife trade (i.e., all illegal trade 
records reported in these databases were excluded). The DSW (45) is 
the most comprehensive compilation of seizures of illegally traded 
wildlife currently available. It collates illegal trade records between 
2010 and 2019 from three databases: CITES, LEMIS, and Trade Records 
Analysis of Flora and Fauna in Commerce (TRAFFIC) (48). Using the 
CITES, LEMIS, and DSW data, we built a comprehensive picture of 
wild mammal species occurring in the legal and illegal global wildlife 
trade, including exchanges of both live animals and animal products 
(fig. S1). Next, we assessed which wild mammal species are known to 
share pathogens with humans using the CLOVER database, the largest 
hand-curated resource of mammal-pathogen associations to date (49). 
CLOVER documents >190,000 associations between mammals and 
viral, bacterial, fungal, helminth, and protozoan pathogens and para-
sites [see (50) and table S1 for a more detailed description].

Combining the mammal trade and mammal-pathogen association 
datasets, we tested (i) whether traded mammal species are more likely 
to share pathogens with humans compared with nontraded mammals, 
(ii) whether illegal trade and live-animal markets increase transmis-
sion risk, and (iii) whether the number of years that a mammal species 
has spent in the global wildlife trade predicts the number of pathogens 
that it shares with humans. All analyses accounted for potential biases, 
including phylogenetic nonindependence, geographic variation, and 
uneven research effort, as well as other anthropogenic factors that 
could mediate the link between the wildlife trade and human-wildlife 
pathogen sharing. Because evolutionary relatedness can influence 
pathogen sharing (4, 26, 51), we controlled for phylogenetic non-
independence among mammal species using 10 phylogenetic eigenvec-
tors as covariates in all of our models [(50) and fig. S2]. We included 
the species’ biogeographic realm of origin as a random intercept to 
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account for spatial variation in zoonotic pathogen distribution (7, 52, 53). 
Because pathogens are more likely to be detected in well-studied 
species (24, 54), we incorporated an index of research effort as a co-
variate [(50) and Fig. 1A]. We also accounted for wild mammals con-
sumed as food (i.e., wild meat) because they are more likely to be 
traded and to transmit pathogens to humans (55, 56). Finally, we ac-
counted for the potential influence of synanthropy (tending to live in 
or near human-modified environments) on the link between zoonotic 
pathogens and the wildlife trade. This effect could exist because syn-
anthropic species are more likely to share pathogens with humans 
because of their frequent contact with humans or domesticated spe-
cies (9, 24, 25, 57) and to occur in the wildlife trade because they are 
easier to harvest than species found only in remote areas (13, 58, 59). 
We tested the robustness of our findings by running sensitivity analy-
ses on the wildlife trade and host-pathogen association datasets 
(figs. S3 to S5).

Results
Traded mammals are more likely to share pathogens with humans
Among 2079 traded mammal species, 41% shared at least one pathogen 
with humans compared with only 6.4% of nontraded mammals (Fig. 1, 
A to C). Using a binomial model, we showed that traded mammals are 
1.5-fold as likely to share pathogens with humans (P < 0.0001; Fig. 1D; 
see table S4 for detailed statistics and table S5 and fig. S3 for sensitivity 
analyses). The model indicates that synanthropic species are 1.2-fold 
as likely to share pathogens with humans (P < 0.0001; Fig. 1D), whereas 
species used as wild meat show a weaker, marginal association (1.1-fold, 
P = 0.052; Fig. 1D). To disentangle direct and indirect relationships 
between trade and zoonotic host status, we used a piecewise structural 
equation model linking trade, synanthropy, wild meat use, research 
effort, and zoonotic status (Fig. 1E). The structural equation model 
confirms a strong, direct positive effect of trade on zoonotic host status 
[standardized effect (Std. Eff.) = 0.15, P < 0.0001] and smaller direct 
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Fig. 1. The probability of sharing pathogens with humans is higher in traded species. (A) Distribution of traded, synanthropic, consumed (wild meat), and zoonotic host 
(i.e., those known to share at least one pathogen with humans) species among extant wild mammals (6446 of the 6456 species shown in the phylogram). The color of the 
branches represents the research effort index used to account for knowledge bias in statistical analyses (see inserted plot). The 10 mammalian orders with the greatest species 
richness are indicated. (B) Overlap among synanthropic (blue), wild meat (yellow), and zoonotic host (red) species for all mammals (left Euler plot) and species traded or not 
(right Euler plots). (C) Proportions of zoonotic host species (red) among traded (dark colors) and nontraded (light colors) mammals. The number of species in each group is 
indicated. (D) Average effects (estimate ± 95% CI) of trade, synanthropy, and wild meat usage on the probability of sharing pathogens with humans with their respective 
marginal risk ratio and effect significance level (binomial generalized linear mixed model; ***P < 0.001). (E) Structural equation model showing the strength and significance of 
hypothesized causal relationships among trade, synanthropy, meat usage, research effort, and zoonotic host status in wild mammals. Black arrows indicate positive links 
between variables. Numbers along arrows are standardized structural equation model estimates (n.s., P > 0.05; ***P < 0.001). The width of each arrow is proportional to these 
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effects of synanthropy (Std. Eff. = 0.06, P < 0.0001) and wild meat use 
(Std. Eff. = 0.04, P = 0.05). Beyond its direct influence, trade also affects 
zoonotic status indirectly through research effort (Std. Eff. = 0.22, for a total 
effect of 0.37; Fig. 1E). Synanthropy and wild meat use have smaller 
total effects on zoonotic host status (0.16 and 0.13, respectively) that is 
mainly mediated by trade and research effort (Fig. 1E and table S6). 
Overall, mammals present in the wildlife trade are substantially more 
likely to share at least one pathogen with humans, and this association is 
partially mediated by greater research attention and reinforced by 
synanthropy and use as wild meat. Even after accounting for research 
effort, synanthropy, and wild meat use, trade remains the dominant 
predictor of pathogen sharing with humans, consistent with increased 
opportunities for zoonotic transmission from traded species.

Role of live-animal markets and illegal trade
Although simple presence in trade emerges as a strong predictor of 
zoonotic host status, wildlife trade is a complex, multidimensional 
phenomenon encompassing both legal and illegal channels and dif-
ferent market types, particularly live-animal and animal product markets 
(46, 47, 60). These dimensions are likely to affect zoonotic transmission 
risk: Illegal trade may pose higher risks because hygiene protocols and 
veterinary inspections are often absent (31, 61), and the live-animal 
trade is plausibly riskier than the trade in products because live hosts 
are more likely to carry viable pathogens and remain infectious for 
longer periods (33, 62).

Expanding our previous model to account for whether mammal 
species are found in live-animal markets or illegal trade substantially 
improved model fit [change in Akaike information criterion (ΔAIC) = 
26, likelihood ratio test P < 0.0001]. Even after controlling for the effect 
of the overall trade status (marginal effect = 1.36, P < 0.0001; Fig. 2), 
species traded alive were 1.34-fold as likely to share pathogens with 
humans (P < 0.0001; Fig. 2B), whereas species involved in illegal trade 
were not (marginal effect = 1.11, P = 0.13; Fig. 2C; see table S7 for 
detailed statistics and fig. S4 for sensitivity analyses). These results 
support the idea that live-animal markets represent a riskier interface 
(31), but this increased risk remains moderate and is not greater than 
the risk associated with being traded in general (table S7). We found 
no evidence for a strong effect of illegal trade on zoonotic transmis-
sion risk (but see Fig. 3). These findings suggest that cross-species 

pathogen transmission is an inherent risk of wildlife trade and that 
focusing solely on one aspect of trade is unlikely to efficiently prevent 
outbreaks (63).

Time in trade predicts the number of pathogens shared with humans
Other underexplored attributes of trade likely contribute to cross-
species pathogen transmission. In particular, the history of trade dy-
namics, which can vary greatly among species (64, 65), represents the 
cumulative set of opportunities for cross-species transmission. Therefore, 
species that have been traded for longer should host a greater number 
of zoonotic pathogens. To test this hypothesis, we performed a temporal 
analysis of the global trade in wild mammals over the past 40 years 
(1980 to 2019) using the CITES trade database, the only long-term 
longitudinal dataset of the global wildlife trade (42). We analyzed 
>236,000 trade records for 583 mammal species that have been traded 
at least once between 1980 and 2019 [among species listed in CITES 
Appendices I or II (50)] and calculated the number of years with re-
corded trade per species (hereafter, “time in trade”; Fig. 3A). Using a 
negative-binomial model, we then tested whether this variable pre-
dicted the number of pathogens that wild mammals share with humans 
while accounting for, as in previous analyses, phylogeny, geography, 
uneven research effort, synanthropic status, wild meat use, and species 
presence in live-animal markets and illegal trade (Fig. 3A).

As expected, we found that time in trade increased the number of 
pathogens shared with humans [Std. Eff. = 1.55, 95% confidence inter-
val (95% CI) = 1.34 to 1.80; P < 0.0001; Fig. 3, B and C; see (50), table S8, 
and fig. S5 for sensitivity analysis]. Using this statistical relationship, 
we estimated that, on average over the period considered, a wild mam-
mal species shared one additional pathogen with humans for every 
10 years of presence in trade [mean = 9.9, 95% CI = 9.3 to 10.9; see 
equation 4 in (50) for calculation details]. This finding implies that 
pathogens hosted by traded species that currently do not infect humans 
are more likely to do so in the near future compared with those hosted 
by nontraded species. Furthermore, because new species are expected 
to enter the global wildlife trade (40), additional wildlife pathogens 
will gain opportunities to infect humans, thereby increasing the risk 
of future zoonotic disease outbreaks, potentially including epidemics 
and pandemics of new pathogens. These results exemplify the dynamic 
nature of human-wildlife pathogen interaction networks and parallel 
the positive correlation observed between time since domestication 
and the number of pathogens shared with humans in domesticated 
mammals (66). These analogous trends underscore the importance of 
sustained, close physical contact between animals and humans in pro-
moting cross-species pathogen transmission and in shaping contem-
porary host-pathogen associations.

Consistent with our previous findings, our model also showed that 
among traded mammals, species found in live-animal markets share 
on average 1.5-fold more pathogens with humans than those traded 
solely as products (P = 0.013; Fig. 3E and table S8). In addition, and in 
slight contrast to our previous general analysis focusing on zoonotic host 
status, we found that species present in illegal trade shared 1.4-fold 
more pathogens with humans than those traded exclusively through 
legal channels (P = 0.01; Fig. 3D and table S8). These patterns align 
with the hypothesis that illegal trade and live-animal markets facilitate 
cross-species pathogen transmission, although their effects are weaker 
and less robust than the effects of time spent in trade (Fig. 3, B to E; 
see fig. S5 for sensitivity analyses). Overall, these results support the 
view that illegal trade and live-animal markets constitute higher-risk 
interfaces for pathogen spillover (31, 61, 62) but also highlight that trade 
frequency is a stronger predictor of zoonotic pathogen richness.

Discussion
Although correlational approaches such as ours cannot fully disen-
tangle the precise mechanisms and directionality of pathogen trans-
mission in the wildlife trade, animal-to-human transmission is the 
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most likely driver of trade-related pathogen exchange given the asym-
metry of human-animal interactions (e.g., humans regularly consume 
wildlife, but the opposite is extremely rare) (2) and because wildlife 
frequently act as a source of pathogens for humans, whereas the op-
posite is less common (67). However, more granular aspects of trade 
most likely play a complex role in cross-species pathogen transmission. 
For example, keeping multiple species in the same locations (e.g., 
breeding facilities or wildlife markets) may promote interspecific 
pathogen transmission (15, 68), whereas adequate sanitary practices 
(e.g., masking) might limit it (69, 70). Building a more detailed under-
standing of cross-species pathogen transmission dynamics will require 
more precise data on the temporal dynamics of cross-species transmis-
sion (27), potentially through the use of genomic tools capable of trac-
ing pathogen flow between species (16, 71–74) and across ecological 
interfaces [e.g., Mycobacterium bovis transmission between wildlife 
and livestock in South Africa (75)]. Expanding genomic surveillance 
in wild, captive, and domesticated animal populations (74, 76–78), 
together with museomics [the study of genomic data from historical 
museum specimens (79, 80)], could further reveal when and how 
pathogens infected wild and captive animals in recent decades and 
centuries (81–83). Such data will be essential for evaluating whether 
traded species act as reservoirs with a high risk of pathogen transmission, 

common but dead-end hosts with low transmission risk, 
or anecdotal hosts (84). This knowledge can help to identify 
high-risk species and will be key to refining trade regula-
tions because blanket bans may dilute control efforts or 
even backfire if trade is diverted to illegal channels (85).

Our study focused on species traded at a global scale 
and does not capture local but widespread wildlife mar-
kets, such as regional exotic pet markets (86, 87). These 
types of wildlife trade likely influence cross-species patho-
gen transmission differently from international trade 
because they often follow distinct spatial patterns, have 
longer histories, and involve different handling prac-
tices (87–89). Moreover, wildlife trade practices vary 
across social and cultural contexts, reflecting differ-
ences among societies, socioeconomic groups, or genders 
(69, 90–93). Integrating these local and social dimen-
sions will require stronger national and international 
capacity to survey, compile, and share information at all 
stages of the wildlife trade supply chain, including traded 
species, trade purposes, and pathogen prevalence—data 
that currently remain fragmented and geographically 
uneven (11, 94–97). Strengthening this capacity is es-
sential to understanding how human behavior shapes 
pathogen transmission through trade and to identify 
the human populations most at risk.

Conclusions
Overall, our findings underscore the urgent need to im-
prove biosurveillance of traded animals and animal 
products for pathogens and to assess their potential for 
transmission to humans (10, 11, 98, 99). The COVID-19 
pandemic sparked a thorough reevaluation of current 
wildlife trade regulations among policy-makers, exposing 
critical gaps in our ability to monitor and limit disease 
outbreaks linked to exploited and traded species (100). 
Currently, the primary multilateral agreement regulat-
ing the international wildlife trade, CITES, focuses ex-
clusively on preventing species extinction caused by 
overexploitation of natural populations (101). Our find-
ings offer specific and new implications for ensuring the 
effectiveness of upcoming regulations aimed at pandemic 
prevention, including potential reforms to CITES (102), 
the World Organization for Animal Health (WOAH)–

CITES collaborative agreement (103), and obligations created under 
Articles 4 and 5 of the recently adopted World Health Organization 
(WHO) Pandemic Agreement (104). Our finding that wild animals 
share, on average, one additional pathogen with humans for every de-
cade of presence in the global wildlife trade emphasizes that mitigation 
of future zoonotic pathogen emergence will require reducing the vol-
ume of animals in the wildlife trade. This includes species that cur-
rently pose a risk to human health and those that might soon and will 
involve taking actions to reduce high-risk trade, which will have long-
term benefits over the coming century.

REFERENCES AND NOTES

	1.	 S. Friant, Evol. Anthropol.  33, e22015 (2024). 
	2.	 A. C. Fagre et al., Ecol. Lett.  25, 1534–1549 (2022). 
	3.	 K. E. Jones et al., Nature  451, 990–993 (2008). 
	4.	 K. J. Olival et al., Nature  546, 646–650 (2017). 
	5.	 P. Hosseinzadeh, M. Zareipour, E. Baljani, M. R. Moradali, Invest. Educ. Enferm.  40, e10 (2022). 
	6.	 Johns Hopkins Coronavirus Resource Center, “Mortality analyses” (2023); https://

coronavirus.jhu.edu/data/mortality.
	7.	 T. Allen et al., Nat. Commun.  8, 1124 (2017). 
	8.	 W. B. Karesh, R. A. Cook, E. L. Bennett, J. Newcomb, Emerg. Infect. Dis.  11, 1000–1002 (2005). 
	9.	 F. Ecke et al., Nat. Commun.  13, 7532 (2022). 
	10.	 A. P. Mendoza et al., PLOS ONE  19, e0287893 (2024). 

C

0 10 20 30 40 

1

2

4

8

16

32

64

0 

N
um

be
r 

of
 p

at
ho

ge
ns

 s
h a

re
d  

w
ith

 h
um

an
s 

(lo
g 

sc
al

e)

Time in trade (years)

D

no yes 

E

no yes 

1

2

4

8

16

32

64

0 

N
um

be
r 

o f
 p

at
ho

ge
ns

 s
ha

re
d 

 
w

ith
 h

um
an

s 
(lo

g 
sc

al
e)

Occurs in 
illegal trade

Occurs in 
live animal market

G
lo

ba
l t

ra
d e

 in
 w

ild
 m

am
m

a l
s  

ov
er

 4
0 

ye
ar

s 
(n

=
58

3)

1980
1990

2000
2010

2019
Year

Time in 
trade 
(years)

A

S
yn

an
th

ro
py

W
ild

 m
ea

t
I ll

eg
al

 tr
ad

e
Li

ve
 m

ar
ke

t

Number of pathogens 
shared with humans

0 1 2 5 10 20 50+

B

1 2 3 

Signif.
p > 0.05
0.05 > p > 0.01
p < 0.01

Research 
effort

Time in trade

Used as 
wild meat

Occurs in 
live market

Occurs in 
illegal trade

Synanthropic

Std effect size 
1/2

0 10 20 30 40

Fig. 3. Frequently traded species share more pathogens with humans. (A) Left, barcode plot 
representing mammal species occurrence in trade in the past 40 years. Each line is a mammal species 
that has been traded at least once between 1980 and 2019 (n = 583). Each column is a year (black cells 
indicate trade). Lines (i.e., species) are ordered by zoonotic host status and time in trade (and time 
since first trade event). (B) Standardized effect sizes (estimate ± 95% CI and 99% CI) of main 
predictors (phylogenetic eigen vectors are not displayed) estimated using a negative-binomial mixed 
model. The x axis has been modified to allow an intuitive and undistorted comparison of positive and 
negative effects. Phylogenetic eigenvectors are not represented for readability. (C) Effect of time in 
trade on the number of pathogens that traded mammals share with humans. Each dot is a traded 
mammal species; dot color reflects the number of pathogens shared with humans. Dots are jittered to 
improve readability. The line and ribbon represent the average effect (slope ± 95% CI) estimated by the 
model. (D and E) Effect of species presence in the illegal wildlife trade (D) and in live-animal markets (E) 
on the number of pathogens shared with humans (negative-binomial generalized linear mixed model). 
Squares are average model predictions (estimate ± 95% CI). Circles are mammal species, and the 
accompanying density plots represent their distribution along the y axis.

D
ow

nloaded from
 https://w

w
w

.science.org on A
pril 09, 2026

https://coronavirus.jhu.edu/data/mortality
https://coronavirus.jhu.edu/data/mortality


Research Articles

Science  9 April 2026 182

	11.	 P. Nawtaisong et al., Emerg. Infect. Dis.  28, 860–864 (2022). 
	12.	 N. Q. Huong et al., PLOS ONE  15, e0237129 (2020). 
	13.	 L. J. Hughes, O. Morton, B. R. Scheffers, D. P. Edwards, Biol. Rev. Camb. Philos. Soc.  98, 

775–791 (2023). 
	14.	 M. Worobey et al., Science  377, 951–959 (2022). 
	15.	 A. Crits-Christoph et al., Cell  187, 5468–5482.e11 (2024). 
	16.	 P. Lemey et al., Proc. Natl. Acad. Sci. U.S.A.  100, 6588–6592 (2003). 
	17.	 S. D. Judson, R. Fischer, A. Judson, V. J. Munster, PLOS Pathog.  12, e1005780 (2016). 
	18.	 E. Bennett, I. M. Hall, T. Pottage, N. J. Silman, A. M. Bennett, Epidemiol. Infect.  146, 

1519–1525 (2018). 
	19.	 J. Cohen, Science  376, 1258–1259 (2022). 
	20.	 K. Paphitis et al., Emerg. Infect. Dis.  30, 225–233 (2024). 
	21.	 M. Wardeh, M. S. C. Blagrove, K. J. Sharkey, M. Baylis, Nat. Commun.  12, 3954 (2021). 
	22.	 J. Choo, L. T. P. Nghiem, A. Benítez-López, L. R. Carrasco, Sci. Rep.  13, 20191 (2023). 
	23.	 A. Tonelli, H. Caceres-Escobar, M. S. C. Blagrove, M. Wardeh, M. Di Marco, R. Soc. Open Sci.  

11, 231512 (2024). 
	24.	 G. F. Albery et al., Nat. Ecol. Evol.  6, 794–801 (2022). 
	25.	 R. Gibb et al., Nature  584, 398–402 (2020). 
	26.	 N. Mollentze, D. G. Streicker, Proc. Natl. Acad. Sci. U.S.A.  117, 9423–9430 (2020). 
	27.	 C. C. S. Tan, L. van Dorp, F. Balloux, Nat. Ecol. Evol.  8, 960–971 (2024). 
	28.	 M. B. Mahon et al., Nature  629, 830–836 (2024). 
	29.	 A. Desvars-Larrive et al., Nat. Commun.  15, 5650 (2024). 
	30.	 J. Choo, L. T. P. Nghiem, S. Chng, L. R. Carrasco, A. Benítez‐López, Integr. Conserv.  2, 

165–175 (2023). 
	31.	 M. A. Bezerra-Santos, J. A. Mendoza-Roldan, R. C. A. Thompson, F. Dantas-Torres,  

D. Otranto, Trends Parasitol.  37, 181–184 (2021). 
	32.	 B. I. Pavlin, L. M. Schloegel, P. Daszak, Emerg. Infect. Dis.  15, 1721–1726 (2009). 
	33.	 M. H. Hilderink, I. I. de Winter, Heliyon  7, e07692 (2021). 
	34.	 Ö. E. Can, N. D’Cruze, D. W. Macdonald, Glob. Ecol. Conserv.  17, e00515 (2019). 
	35.	 R. K. Plowright et al., Nat. Rev. Microbiol.  15, 502–510 (2017). 
	36.	 A. Feng et al., Nat. Commun.  14, 4078 (2023). 
	37.	 K. N. Shivaprakash, S. Sen, S. Paul, J. M. Kiesecker, K. S. Bawa, Curr. Biol.  31, 3671–3677.

e3 (2021). 
	38.	 A. Etard, S. Morrill, T. Newbold, Glob. Ecol. Biogeogr.  29, 2143–2158 (2020). 
	39.	 International Union for Conservation of Nature (IUCN), “The IUCN red list of threatened 

species” (IUCN, 2026); https://www.iucnredlist.org/en.
	40.	 B. R. Scheffers, B. F. Oliveira, I. Lamb, D. P. Edwards, Science  366, 71–76 (2019). 
	41.	 M. R. Cronin, L. A. De Wit, L. Martínez‐Estévez, Conserv. Sci. Pract.  4, e12818 (2022). 
	42.	 Convention on International Trade in Endangered Species of Wild Fauna and Flora 

(CITES), “CITES trade database, version 2023.1” (CITES, 2023); https://trade.cites.org.
	43.	 K. M. Smith et al., EcoHealth  14, 29–39 (2017). 
	44.	 E. A. Eskew et al., Sci. Data  7, 22 (2020). 
	45.	 O. C. Stringham et al., Data Brief  39, 107531 (2021). 
	46.	 Convention on International Trade in Endangered Species of Wild Fauna and Flora 

(CITES), “CITES world wildlife trade report” (CITES, 2022); https://cites.org/sites/
default/files/documents/E-CoP19-Inf-24.pdf.

	47.	 B. M. Marshall et al., Proc. Natl. Acad. Sci. U.S.A.  122, e2410774121 (2025). 
	48.	 Trade Records Analysis of Flora and Fauna in Commerce (TRAFFIC), “Wildlife trade 

portal” (TRAFFIC, 2026); https://www.wildlifetradeportal.org/.
	49.	 R. Gibb et al., Bioscience  71, 1148–1156 (2021). 
	50.	 Materials and methods are available as supplementary materials.
	51.	 B. A. Han, A. M. Kramer, J. M. Drake, Trends Parasitol.  32, 565–577 (2016). 
	52.	 K. A. Murray et al., Proc. Natl. Acad. Sci. U.S.A.  112, 12746–12751 (2015). 
	53.	 A.-S. Stensgaard, R. R. Dunn, B. J. Vennervald, C. Rahbek, Nat. Ecol. Evol.  1, 190 (2017). 
	54.	 R. Gibb et al., Biol. Lett.  18, 20210427 (2022). 
	55.	 C. Milbank, B. Vira, Lancet Planet. Health  6, e439–e448 (2022). 
	56.	 S. M. Soto et al., One Health  20, 101028 (2025). 
	57.	 B. A. Betke, N. L. Gottdenker, L. A. Meyers, D. J. Becker, iScience  27, 110369 (2024). 
	58.	 D. Liang, X. Giam, S. Hu, L. Ma, D. S. Wilcove, Nature  623, 100–105 (2023). 
	59.	 W. D. Moreto, A. M. Lemieux, Eur. J. Crim. Policy Res.  21, 303–320 (2015). 
	60.	 A. C. Hughes, Curr. Biol.  31, R1218–R1224 (2021). 
	61.	 B. B. Keskin et al., Omega  115, 102780 (2023). 
	62.	 World Organisation for Animal Health (WOAH), “Guidelines for addressing disease risks in 

wildlife trade” (WOAH, 2024); https://doi.org/10.20506/woah.3368. 
	63.	 V. Nijman, Trends Parasitol.  37, 359–360 (2021). 
	64.	 M. Harfoot et al., Biol. Conserv.  223, 47–57 (2018). 
	65.	 M. T. Bager Olsen et al., Oryx  55, 432–441 (2021). 
	66.	 S. Morand, K. M. McIntyre, M. Baylis, Infect. Genet. Evol.  24, 76–81 (2014). 
	67.	 E. C. Holmes, Annu. Rev. Virol.  9, 173–192 (2022). 
	68.	 J. Galindo-González, Curr. Opin. Environ. Sci. Health  25, 100310 (2022). 
	69.	 N. Efoua Tomo et al., One Health  20, 101074 (2025). 
	70.	 H. T. T. Nguyen et al., One Health Outlook  7, 52 (2025). 
	71.	 Y. Kane, G. Wong, G. F. Gao, Annu. Rev. Anim. Biosci.  11, 1–31 (2023). 
	72.	 J. A. Blanchong, S. J. Robinson, M. D. Samuel, J. T. Foster, J. Wildl. Manage.  80, 593–608 (2016). 

	73.	 W.-T. He et al., Cell  185, 1117–1129.e8 (2022). 
	74.	 J. Zhao et al., Nature  634, 228–233 (2024). 
	75.	 P. R. Sichewo, T. M. Hlokwe, E. M. C. Etter, A. L. Michel, BMC Microbiol.  20, 49 (2020). 
	76.	 S. J. Anthony et al., Virus Evol.  3, vex012 (2017). 
	77.	 K. M. Smith et al., PLOS ONE  7, e29505 (2012). 
	78.	 Y. Feng et al., Natl. Sci. Rev.  12, nwae463 (2024). 
	79.	 C. Lalueza-Fox, Curr. Biol.  32, R1214–R1215 (2022). 
	80.	 M. M. Juman et al. Museum collections and machine learning guide discovery of novel 

coronaviruses and paramyxoviruses. bioRxiv 675601 [Preprint] (2025); https://doi.
org/10.1101/2025.09.11.675601.

	81.	 M. Hämmerle et al., Sci. Rep.  14, 29806 (2024). 
	82.	 M. Hämmerle et al., Emerg. Infect. Dis.  30, 816–818 (2024). 
	83.	 D. DiEuliis, K. R. Johnson, S. S. Morse, D. E. Schindel, Proc. Natl. Acad. Sci. U.S.A.  113, 4–7 

(2016). 
	84.	 K. N. Balasubramaniam et al., Sci. Rep.  10, 21991 (2020). 
	85.	 E. A. Eskew, C. J. Carlson, Lancet Planet. Health  4, e215–e216 (2020). 
	86.	 P. Romero‐Vidal et al., People Nat.  6, 1023–1035 (2024). 
	87.	 V. Nijman, C. R. Shepherd, Discov. Anim.  2, 36 (2025). 
	88.	 United Nations Office on Drugs and Crime (UNODC), “World Wildlife Crime Report 2024: 

Trafficking in Protected Species” (UNODC, 2024); https://www.unodc.org/documents/
data-and-analysis/wildlife/2024/Wildlife2024_Final.pdf.

	89.	 D. P. Tittensor et al., Conserv. Lett.  13, e12724 (2020). 
	90.	 J. H. Liew et al., Sci. Adv.  7, eabf7679 (2021). 
	91.	 H. U. Agu, M. L. Gore, Glob. Ecol. Conserv.  23, e01166 (2020). 
	92.	 H. U. Agu, C. Andrew, M. L. Gore, Front. Conserv. Sci.  2, 683979 (2021). 
	93.	 I. Arroyo-Quiroz, M. L. Gore, J. K. Reaser, Front. Conserv. Sci.  6, 1541080 (2025). 
	94.	 B. M. Marshall et al., Curr. Biol.  35, 3959–3972.e4 (2025). 
	95.	 X. Xiao, C. Newman, C. D. Buesching, D. W. Macdonald, Z.-M. Zhou, Sci. Rep.  11, 11898 (2021). 
	96.	 Center for International Forestry Research (CIFOR), “Bushmeat database” (CIFOR, 

2026); https://www2.cifor.org/bushmeat/resources/bushmeat-database/.
	97.	 A. P. Mendoza et al., Glob. Ecol. Conserv.  37, e02161 (2022). 
	98.	 A. A. Aguirre et al., Front. Ecol. Evol.  9, 604929 (2021). 
	99.	 M. Watsa; Wildlife Disease Surveillance Focus Group, Science  369, 145–147 (2020). 
	100.	A. Borzée et al., Trends Ecol. Evol.  35, 1052–1055 (2020). 
	101.	 Convention on International Trade in Endangered Species of Wild Fauna and Flora 

(CITES), “The CITES species” (CITES, 2026); https://cites.org/eng/disc/species.php.
	102.	 Convention on International Trade in Endangered Species of Wild Fauna and Flora 

(CITES), “Role of CITES in reducing risk of future zoonotic disease emergence associated 
with international trade” (CITES, 2026); https://cites.org/eng/topics/role_of_CITES_in_
reducing_risk_of_future_zoonotic_disease.

	103.	 Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), 
“Reducing the risk of zoonotic disease emergence associated with international wildlife 
trade: CITES and WOAH enter new agreement” (CITES, 2026); https://cites.org/eng/
news/cites-woah-memorandum-of-understanding-2024-zoonotic-disease-emergence.

	104.	H. Clark, E. J. Sirleaf, Lancet  405, 2109–2111 (2025). 

ACKNOWLEDGMENTS
We thank three anonymous reviewers for their constructive comments and suggestions, O. Bates 
for suggestions that improved a previous version of this work, and S. Bacher for supporting this 
project.  Funding: This work was supported by the Canton de Fribourg, Switzerland (J.M.W.G.), the 
Canton de Vaud, Switzerland (C.B.), the Swiss National Science Foundation (SNSF grant 
310030_192619 to C.B.), the European Research Council (SERI-funded ERC grant SPREAD 
MB22.00086 to C.B.), and the National Science Foundation (NSF grant DBI 2515340 to C.J.C.). 
Author contributions: Conceptualization: J.M.W.G., C.J.C., M.S., E.A.E., M.L.G., C.B.; Data curation: 
J.M.W.G., C.J.C., M.S., E.A.E., M.L.G.; Formal analysis: J.M.W.G., T.K.; Investigation: J.M.W.G.; 
Supervision: J.M.W.G., C.J.C., C.B.; Validation: J.M.W.G., C.J.C., E.A.E., M.L.G.; Visualization: J.M.W.G.; 
Writing – original draft: J.M.W.G.; Writing – review & editing: J.M.W.G., C.J.C., T.K., M.S., E.A.E., 
M.L.G., C.B.. Competing interests: The authors declare no competing interests. Data, code, and 
materials availability: All data and R code required to reproduce and extend the analyses and 
figures for this study are publicly available under a GNU General Public License v3.0 in a public 
GitHub repository (https://github.com/JGippet/WildlifeTrade_ZoonoticPathogens) and are 
archived in Zenodo (136). Source datasets (39, 42, 45, 47, 49, 105, 113, 115, 134) are all publicly 
accessible (table S1). There is no restriction on code availability or accessibility. No new materials 
were generated in this study. License information: Copyright © 2026 the authors, some rights 
reserved; exclusive licensee American Association for the Advancement of Science. No claim to 
original US government works. https://www.science.org/about/science-licenses-journal-article-
reuse. This research was funded in whole or in part by the European Research Council (grant 
SPREAD MB22.00086), a cOAlition S organization. The author will make the Author Accepted 
Manuscript (AAM) version available under a CC BY public copyright license.

SUPPLEMENTARY MATERIALS
science.org/doi/10.1126/science.adw5518
Materials and Methods; Figs. S1 to S5; Tables S1 to S8; References (105–136);  
MDAR Reproducibility Checklist

Submitted 10 February 2025; resubmitted 10 November 2025; accepted 4 February 2026

10.1126/science.adw5518

D
ow

nloaded from
 https://w

w
w

.science.org on A
pril 09, 2026

https://www.iucnredlist.org/en
https://trade.cites.org
https://cites.org/sites/default/files/documents/E-CoP19-Inf-24.pdf
https://cites.org/sites/default/files/documents/E-CoP19-Inf-24.pdf
https://www.wildlifetradeportal.org/
https://doi.org/10.20506/woah.3368
https://doi.org/10.1101/2025.09.11.675601
https://doi.org/10.1101/2025.09.11.675601
https://www.unodc.org/documents/data-and-analysis/wildlife/2024/Wildlife2024_Final.pdf
https://www.unodc.org/documents/data-and-analysis/wildlife/2024/Wildlife2024_Final.pdf
https://www2.cifor.org/bushmeat/resources/bushmeat-database/
https://cites.org/eng/disc/species.php
https://cites.org/eng/topics/role_of_CITES_in_reducing_risk_of_future_zoonotic_disease
https://cites.org/eng/topics/role_of_CITES_in_reducing_risk_of_future_zoonotic_disease
https://cites.org/eng/news/cites-woah-memorandum-of-understanding-2024-zoonotic-disease-emergence
https://cites.org/eng/news/cites-woah-memorandum-of-understanding-2024-zoonotic-disease-emergence
https://github.com/JGippet/WildlifeTrade_ZoonoticPathogens
https://www.science.org/about/science-licenses-journal-article-reuse
https://www.science.org/about/science-licenses-journal-article-reuse
https://science.org/doi/10.1126/science.adw5518


Wildlife trade drives animal-to-human pathogen transmission over 40 years
Jérôme M. W. Gippet, Colin J. Carlson, Tristan Klaftenberger, Mattéo Schweizer, Evan A. Eskew, Meredith L. Gore, and
Cleo Bertelsmeier

Science 392 (6794), .  DOI: 10.1126/science.adw5518

Editor’s summary
The closer and longer the contact between species, the higher the chances of transmission of pathogens. This rule
of thumb applies to human-to-human contacts as well as contacts with other species. Gippet et al. examined trade
data for wildlife species from the past 40 years and showed that the longer a species had been legally traded, the
greater the likelihood that humans and the trade species will share some sort of pathogen (virus, bacterium, fungus,
or parasite). The authors estimate that traded wildlife species share one additional pathogen with humans for every
decade in the global wildlife market. —Caroline Ash
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