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In Africa, great apes, among which gorillas, are the reservoir of several infectious

agents, some of which have zoonotic potential. However, scientific reports

summarizing data on the pathogens harbored by some primate species still

need to be published for the scientific community, conservation, and public

health actors. In the case of Gabon, despite its outstanding biodiversity,

particularly in great apes, and the history of outbreaks involving wildlife, there is

a lack of reports on pathogens found in some ape species living in the vicinity of

the human being. Thus, it is becoming urgent for us to synthesize the available

data on pathogens (parasites, bacteria, and viruses) identified in gorillas living in

different ecosystems of Gabon to assess the risks for the human population.

Therefore, this review article presents the diversity of pathogens identified in

gorillas in Gabon, their impact on primates’ health, the cases of transfer between

gorillas and humans, and the interest in a One Health approach for prevention and

a better understanding of the ecology of gorilla’s diseases infection in Gabon.
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Introduction

Besides habitat loss, climate change, non-native species invasion, and overexploitation,

pathogens or infectious diseases (ID) are also recognized as determinant factors that

sometimes regulate animal population density as drivers of species extension (Chapman

et al., 2005; Smith et al., 2009). However, it must be recognized that the role of pathogens

alone in this extinction is subject to debate or controversy because the role of ID in
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population declines was often considered secondary to other factors

(Cunningham et al., 2017). However, since 1999 many reports have

been published on disease-driven species extinction (Cunningham

et al., 2017): such as the decline of tree snail P. turgida due to a

microsporidian infection in Polynesia (Cunningham and Daszak,

1998), of one-third of Hawaiian honeycreepers and the slime mould

induced decline of eelgrass (Zostera marina) beds in the USA,

leading to the extinction of the eelgrass limpet (Lottia alveus)

(Thorne and Williams, 1988; Carlton et al., 1991; Juliano, 1998;

Daszak and Cunningham, 1999).

Until recently, the main threats to the African ape population

were poaching, habitat loss, and human encroachment. However, as

in other mammals, ID (i.e., macro and microparasites) have

emerged as a threat of the same magnitude. A diverse array of

virulent pathogens threatens wild great ape populations, including

the Ebola virus (Walsh et al., 2003; Bermejo et al., 2006; Leendertz

et al., 2006), Anthrax (Leendertz et al., 2006), simian

immunodeficiency virus (SIV) (Keele et al., 2009), and a variety

of human respiratory viruses (Köndgen et al., 2008; Kaur et al.,

2008). For instance, the Ebola virus caused an 80% decline in the

gorilla and chimpanzee populations on the borders of Gabon and

the Republic of Congo between 2001 and 2003 (Leroy et al., 2004).

However, Gabon, belonging to the Congo Bassin, one of the most

important reservoirs of biological biodiversity, is still home to the

richest wildlife and plant communities in Africa, with 20% of them

being endemic to the country (Maslin, 2008). Moreover, 40% of the

world’s gorillas are thought to live in Gabon (Morgan, 2007). In

Moukalaba-Doudou National Park, one of the 13 national parks

established in 2002, the abundance of lowland gorillas is evaluated

at 6.99 gorillas/km2 (Takenoshita and Yamagiwa, 2008), and these

gorillas are referred to in this review as Gabonese gorillas. For more

than a decade, these gorillas have been the subject of intense

research activities that have led to habituation and ecotourism

projects. In Moulakaba-Doudou and Loango National Parks, two

gorilla habituation projects are being conducted, and gorilla tourism

is gradually being introduced (Ando et al., 2008; Boesch et al., 2009;

Terada et al., 2021). In addition, Gabonese gorillas are present in

primatology center and sanctuaries (Ngoubangoye et al., 2019;

Boundenga et al., 2021). All these activities promote and increase

contact between humans (researchers, local population, tourists)

and gorillas with a high potential for pathogen exchange.

Thus, the objective of this review is to summarize the current

knowledge regarding the diversity of pathogens known (enzootic and

non-enzootic) to have infected Gabonese gorillas and how, through a

One Health approach, we can mitigate the threats to the conservation

and public health of these gorilla’s pathogens in Gabon settings.
Diversity of infectious agents
identified in Gabonese gorillas

It is estimated that nearly 60% of infectious diseases of animal

origin affect humans (Jones et al., 2008). Indeed, African NHPs,

particularly lowland gorillas, are known to harbor a wide diversity

of pathogens (Liovat et al., 2009), and the cases of transfer are not
Frontiers in Parasitology 02
uncommon (Apetrei et al., 2004; Devaux et al., 2019; Locarnini

et al., 2021).

In the case of Gabon, some gorilla populations living in different

Gabonese ecosystems were found harboring pathogens, among

which are parasites, bacteria, and viruses.
Parasites

Concerning parasites, we distinguish between intestinal

parasites and malaria parasites. At present, it is estimated that

about eight species of malaria parasites have been found in gorillas

in the wild or captivity (Plasmodium praefalciparum 1, Plasmodium

praefalciparum 2, Plasmodium gorA (Plasmodium adleri),

Plasmodium gorB (Plasmodium blacklocki), Plasmodium ovale-

like, Plasmodium malariae-like, Plasmodium vivax-like, and

Plasmodium reichenowi which naturally infects chimpanzees)

(Prugnolle et al., 2010; Prugnolle et al., 2013; Boundenga et al.,

2015; Ngoubangoye et al., 2016) (Figure 1). According to the region,

the infection rate of gorillas with malaria parasites varies

considerably (between 0% and 45%) (for more details see

Figure 2) (Boundenga et al., 2015). All parasites identified in

gorillas belong to two groups: Laverania and Plasmodium.

The review on intestinal parasites identified almost twenty species

of gastrointestinal parasites hosted by the Gabonese gorillas. Thus,

from all the studies carried out, regarldless of the technique

(corpology or molecular analysis), it was possible to observe

(Ancylostoma spp., Ascaris spp., Balantidium coli, Cryptosporidium

spp., Entamoeba hartmanni, Gardia spp., Gongylonema spp.,

Mammomonogamus spp., Mansonella spp, Microfilaria. (E) leopold,

Necator americanus, Oesophagostomum stephanostomum,

Oesophagostomum spp., Paramphistomum spp., Strongyloides spp.,

Schistosoma mansoni, Troglodytella abrassarti, Troglodytella gorillae,

Troglodytella spp., Goriliophilus thoracatus n.g, Troglodytella

gabonensis n.sp., and Prototapirella gorillae n.sp. and several

parasites that remain undetermined (Goussard et al., 1983; Imai

et al., 1991; Bain et al., 1995; Landsoud-Soukate et al., 1995; Van Zijll

Langhout et al., 2010; Hasegawa et al., 2017; Dibakou et al., 2021;

Sirima et al., 2021) (Figure 1). Several of its species have been

identified in gorillas living in different environments.
Bacteria

8 bacterial genera were identified in Gabonese gorillas and,

more precisely, no less than eleven (11) species of bacteria in

gorillas living in confined environments (sanctuaries and primate

centers) (Nagel et al., 2013; Klöckner et al., 2016) and in wild

environments: Chlamydia-Related, Proteus mirabilis (Klöckner

et a l . , 2016) , Enterobac te r c loacae , ESBL-Produc ing

Enterobacteria, Escherichia coli, Klebsiella aerogenes, Klebsiella

oxytoca, Klebsiella pneumoniae, Klebsiella variicola, (Tsuchida

et al., 2018; Mbehang Nguema et al., 2021); Lactobacillus gorillae

(Tsuchida et al., 2018) and Staphylococcus aureus (Nagel et al.,

2013) (Figure 1).
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Viruses

Finally, several viruses have been recorded in Gabonese gorillas.

Indeed, current data show that at least nine virus groups have been

detected: Adenovirus (GgorAdV-B7, GgorAdV-B8, GgorAdV-B10,

HAdV-B, HAdV-C, or HAdV-E) (Wevers et al., 2010; Hoppe et al.,

2015), Human Adenovirus (HAdV) species 1 [(HAdV-B 21(26%),

HAdV-C 15(19%), HAdV-F 2 (3%)](Hoppe et al., 2015) (Ebola

virus (Leroy et al., 2004; Rouquet et al., 2005; Mombo et al., 2020);

Cytomegaloviruses (Herpesviruses: CMV1, CMV2, CMV1 or

CMV2) (Murthy et al., 2019); Bocaparvovirus (Nze-Nkogue et al.,

2017); Merkel Cell Polyomavirus (Madinda et al., 2016); Human T-

lymphotropic virus (Georges-Courbot et al., 1996); Hepatitis B virus

(Georges-Courbot et al., 1996); Foamy virus (GorGabColSFV and

GorGabOmoSFV) (Campelo et al., 2022) (see Figure 1).

However, the question would be whether the fact that gorillas

harbor a wide variety of infectious agents constitutes a risk to

human and animal health. We believe that the exchange of viruses

might be possible in Gabon settings because some of the viruses

isolated are zoonotic, moreover, they were found at variable

percentages: 1.9% for Merkel Cell Polyomavirus (Madinda et al.,

2016), 30% for HBV (Makuwa et al., 2003), and 48% for HAdV

(Hoppe et al., 2015). Therefore, all human activities that favored

contact with gorillas infected with one of these viruses would be a

potential exposure risk to infectious agents (Figure 3). Nevertheless,

this remains to be demonstrated by further studies.
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What are the impacts of
these infections?

The carriage of these pathogens is not without consequence on

the health of the great apes, their population density, and the

humans living nearby.

The successive Ebola outbreaks between 2001 and 2003 occurred

in the border region of Gabon and the Republic of Congo have

decimated approximately 80% of the great ape populations

(Huijbregts et al., 2003; Walsh et al., 2003; Leroy and Misson,

2004). For the specific case of Gabon, Leroy et al. (2004) report

that they discovered or were informed of 64 animal carcasses

(gorillas, chimpanzees, and duikers) over 8 months in the

epidemic zone, the Zadié region in Gabon (3000 km2) (Leroy

et al., 2004). These authors insist that between November and

December 2001, at the peak of the epidemic, 36 carcasses of

gorillas were found in the area of the epidemic, covering 3000

km2. This is likely an underestimate of the severity of the disease,

and many more gorillas probably died than were identified. Because

the decomposition of a gorilla carcass in the tropical forest lasts

about a month, and most of the carcasses were found in the vicinity

of villages after 2 hours of walking, hundreds if not thousands of

gorillas possibly died from these epidemics (Leroy et al., 2004).

Viruses are not the only ones to cause great apes’ death or

deleterious effects on the health of great apes. Indeed, Nagel et al.

(2013) reported at the CIRMF primatology center the death of a
FIGURE 1

List of different pathogens identified in gabonses gorillas (including parasites, viruses, and bacteria). The different colors indicate the group of
pathogens (green for parasites; red: for the virus and blue for the bacteria).
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gorilla having a large necrotizing wound. After analysis, it was

septicemia due to Staphylococcus aureus (Nagel et al., 2013). Indeed,

Nagel et al. reported that molecular analyses revealed that

immediate neighboring chimpanzees that were settled to the

infected gorillas were infected by the t148 type S. aureus known

to be virulent (Li et al., 2019). Although mortality of gorillas

following Oesophagostomum spp. infestation has not yet been

reported, the fact remains that recently at the Primatology Center

of CIRMF, we observed the death of several chimpanzees following

infections with Oesophagostomum spp. between 2015 and 2019

(Ngoubangoye et al., 2021). Although not all infections with

pathogens may lead to death, they could nevertheless have severe

consequences for the health of primates, as was observed during the

follow-up of an orphaned youngster in Lékédi Park (Herbert et al.,

2015). Thus, all these infections of apes by infectious agents in the

wild or captivity are not without consequence and could impact

human health if cohabitation with humans favors transfer.
Are there any transfers, and why?

Cases of potential transmission of pathogens between gorillas

and humans, and vice versa, have been reported (Mouinga-Ondémé

et al., 2012; Nagel et al., 2013; Prugnolle et al., 2013); (example of

transfer of pathogens between gorillas and human Figure 3). In the

case of simian foamy retroviruses (SFVs), the transmission was

done through gorilla bite. Indeed, among the 78 samples from
Frontiers in Parasitology 04
humans screened for SFV, mostly hunters who bitted or scratched

by NHPs (gorillas), 19 were SFV seropositive, whose one hunter

was infected by gorillas SFV (the PCR confirmed this result)

(Mouinga-Ondémé et al., 2012). Regarding Plasmodium vivax-

like, Prugnolle et al. reported the infection of a tourist who

stayed in a forest environment where this parasite is circulated

(Prugnolle et al., 2013). Thus, we believe that this tourist would have

indeed been infected by the bite of a mosquito with a zoo-

anthropophilic feeding behavior (Paupy et al., 2013). All the

above demonstrates that Gabonese gorillas are a reservoir for a

wide range of infectious agents with zoonotic potential whose

transmission is favored by increasing contact (Bittar et al., 2014).

However, the question would be whether the existence of such

contagious potential would constitute a risk to animal and human

health and even, in the long run, hinder the conservation efforts of

this species. (Mouinga-Ondémé et al., 2012; Nagel et al., 2013;

Prugnolle et al., 2013).

Indeed, infections of human populations with some of these

gorillas pathogens have been documented in Gabon. Recently,

studies have revealed infection with spumaviruses (Foamy virus)

in gorillas and hunters whom gorillas had bitten. The infection of

hunters is believed to be the result of frequent contact with these

animals’ blood or body fluids (Calattini et al., 2004; Mouinga-

Ondémé et al., 2012). The other emblematic example of virus

transmission between gorillas and the human population is the

infection by the Ebola virus. Indeed, as one of the most virulent

infectious agents, the Ebola virus has been responsible for several
FIGURE 2

Variation of Plasmodium spp prevalences in Gabon. This picture shows the variations of prevalence within the various populations of gorillas studied
(Boundenga et al., 2015).
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human epidemics in Gabon due to the direct handling of gorilla and

chimpanzee carcasses (Georges-Courbot et al., 1997; Rouquet et al.,

2005). During a study of enteroviruses, Mombo et al. (2015) isolated

a serotype causing paralysis in great apes (Mombo et al., 2015).

Thus, all cases of transmission of infectious agents between great

apes, especially gorillas, and humans, result from handling dead

animals or permanent cohabitation between these two host groups

as described elsewhere (Mekibib and Ariën, 2016).

Concerning gastrointestinal parasites and bacteria, although

cases of transfer between gorillas and humans in Gabon have not

been demonstrated, several studies report cases of infection of

captive and wild gorillas with geohelminths [Sch. Mansoni

(Červená et al., 2016), Necator americanus (Sirima et al., 2021),

Cryptosporidium spp (van Zijll Langhout et al., 2010)], and bacteria

[S. aureus (Nagel et al., 2013), Chlamydia-Related Bacteria (Klöckner

et al., 2016), E. coli (Mbehang Nguema et al., 2021), K. pneumoniae

(Mbehang Nguema et al., 2021; Shojaei et al., 2022) known to infect

humans. However, for some bacteria like S. aureus, the origin of

transfer has not been identified, i.e. we do not know which the man

or the gorillas, transmitted the pathogens to the other.

Furthermore, it is not obvious to believe that the exchange of

Plasmodium species between gorillas and humans in the Gabon

settings may become frequent insofar as among the vectors

responsible for the transmission of simian parasites in gorillas,

secondary vectors for the transmission of human malaria in urban
Frontiers in Parasitology 05
and rural areas are found (Paupy et al., 2013; Makanga et al., 2016;

Longo-Pendy et al., 2022). For instance, P. vivax-like, whose vector

species identified are Anopheles moucheti, Anophles vinckei and

Anopheles marshallii (Prugnolle et al., 2013; Makanga et al., 2016).

This demonstrates the need for more multidisciplinary and

longitudinal studies on the real impact of the increase in contact

between gorillas and human populations via ecotourism activities,

habituation, and mining in order to better understand the role of

great apes, particularly gorillas, in the transmission or circulation of

pathogens in the Gabonese ecosystem.

How to reconcile conservation
and public health in this context
of cohabitation?

Wildlife still represents a source of an array of high-impact

pathogens that affect human health, with more than 72% of human

emerging infectious diseases having wildlife origin (Jones et al.,

2008). In the epidemiology of most described zoonoses, wild

animals act as primary reservoirs for transmitting zoonotic

agents to humans and domestic animals (Taylor et al., 2001).

Zoonoses with a wildlife reservoir are typically caused by various

bacteria, viruses, and parasites, whereas fungi are unimportant

(Biase et al., 2022). Abundant literature documents the spillover
FIGURE 3

Some examples of the transfer of pathogens between the gorillas and humans and vice versa. In some of the cases illustrated in this picture, gorillas
have been clearly identified as the source of the pathogens found in humans in other cases the parasites have been found in both gorillas and
humans and the direction of transfer has not yet been identified.
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of the pathogen of the Great apes to humans and their impact

(Hahn et al., 2000; Verdonck et al., 2007; Sharp and Hahn, 2010;

Wevers et al., 2010; Betsem et al., 2011; Leroy et al., 2011a; Leroy

et al., 2011b). It is well established that malaria parasites, SIV/HIV,

or Ebola virus has emerged from great apes to humankind,

significantly impacting public health (Georges-Courbot et al.,

1996; Keele et al., 2009; Boundenga, 2019).

These exchanges are the result of human actions on the

environment. In this review, we have established that viruses,

bacteria, and parasites are capable of zoonotic spread from

Gabonese gorillas to humans. It is, therefore, to be feared that

with Gabonese government policies aimed at promoting

ecotourism and then research and mining activities that will

accentuate contacts between wildlife, particularly gorillas, and

humans, the exchange of pathogens will be more frequent. This

provides ample justification for implementing a One Health

approach, mainly since gorilla habituation projects are being

conducted in some of Gabon ’s thirteen national parks

(Hernández Tienda et al., 2022), like in Loango National Park

(Oelze et al., 2014; Hernández Tienda et al., 2022) or Moukalaba

Doudou National Park (Ando et al., 2008). The One Health

approach must prevent and control any emergence, re-
Frontiers in Parasitology 06
emergence, or spread/dissemination of zoonotic pathogens

harbored by Gabonese gorillas. To this end, a long-term

monitoring system of the health of Gabonese gorillas under

habituation must be put in place to achieve what Leendertz

et al. (2006) have proposed (Sacks et al., 2018): baseline data on

the pathogens of gorillas in Gabon settings. This approach should

therefore make it possible to build up a biobank of Gabonese

gorilla pathogens, monitor any possible exchange with susceptible

animals or humans in direct or indirect contact with these gorillas,

and understand the environmental factors have led to this

pathogen transfer. In the Gabonese context, with previous Ebola

outbreaks that affected human populations, there is an urgent

need to implement what Zimmerman et al. (2022) have called

“Great Ape Health Watch”, which consist of standardizing

surveillance across sites and geographic scales, which monitors

primate health in real-time and generates early warnings of

disease outbreaks (Zimmerman et al., 2022). In addition, the

local population must be educated on the characteristics,

ecology, and history of gorilla pathogens and the threats it poses

to the wildlife and the human population in case of spillover

(Kuisma et al., 2019). They should be aware of how to act when

finding gorilla carcasses (even of any animal) to avoid exposure
FIGURE 4

Illustration of the One Health approach. This image illustrates how the increase in human-animal contact, particularly with gorillas in the interface,
argues for an increase in the emergence of zoonotic diseases. It shows how in a country such as Gabon where human-gorilla contact is a result of
human activities, the success of the best public health prevention strategy would require the collaboration/cooperation of human, animal, and
environmental health partners.
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and how to inform local research institutions (CIRMF, IRET/

CENAREST) able to conduct investigations to confirm the cause

of these deaths. However, for adequate surveillance and effective

implementation of a One health approach (Figure 4), it is more

than necessary to establish multi-sectoral teams that should

include all sectors involved in public health surveillance

(environmental, research, health, and agricultural services).
Conclusion

In conclusion, Gabonese gorillas are a reservoir for a wide range

of pathogens, some of which are zoonotic with deleterious effects on

their health and that of populations living in their vicinity, as cases

of exchange have been documented. These pathogens threaten the

biodiversity conservation efforts undertaken by the Gabonese

authorities in creating national parks (13) to promote ecotourism.

There is an urgent need for a real strategy based on a One-health

approach to prevent and control any emergence, re-emergence, and

transmission of pathogens between Gabonese gorillas and the

local population.
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Verdonck, K., González, E., Van Dooren, S., Vandamme, A. M., Vanham, G., and
Gotuzzo, E. (2007). Human T-lymphotropic virus 1: recent knowledge about an ancient
infection. Lancet Infect. Dis. 7, 266–281. doi: 10.1016/S1473-3099(07)70081-6

Walsh, P. D., Abernethy, K. A., Bermejo, M., Beyers, R., DeWachter, P., Akou, M. E.,
et al. (2003). Catastrophic ape decline in western equatorial Africa. Nature 422, 611–
614. doi: 10.1038/nature01566

Wevers, D., Leendertz, F. H., Scuda, N., Boesch, C., Robbins, M. M., Head, J., et al.
(2010). A novel adenovirus of Western lowland gorillas (Gorilla gorilla gorilla). Virol. J.
7, 1–8. doi: 10.1186/1743-422X-7-303

Zimmerman, D. M., Mitchell, S. L., Wolf, T. M., Deere, J. R., Noheri, J. B., Takahashi,
E., et al. (2022). Great ape health watch: Enhancing surveillance for emerging infectious
diseases in great apes. Am. J. primatol 84, e23379. doi: 10.1002/ajp.23379
frontiersin.org

https://doi.org/10.1098/rstb.2010.0031
https://doi.org/10.30476/ijms.2021.91256.2237
https://doi.org/10.1186/s13071-021-04855-7
https://doi.org/10.1111/j.1469-1795.2008.00228.x
https://doi.org/10.1111/j.1469-1795.2008.00228.x
https://jambo.africa.kyoto-u.ac.jp/kiroku/asm_suppl/abstracts/pdf/ASM_s39/4Takenoshita.pdf
https://jambo.africa.kyoto-u.ac.jp/kiroku/asm_suppl/abstracts/pdf/ASM_s39/4Takenoshita.pdf
https://doi.org/10.1098/rstb.2001.0888
https://doi.org/10.1098/rstb.2001.0888
https://doi.org/10.1177/19400829211026775
https://doi.org/10.1111/j.1523-1739.1988.tb00336.x
https://doi.org/10.1111/j.1523-1739.1988.tb00336.x
https://doi.org/10.3390/microorganisms6030086
https://doi.org/10.1638/2009-0051R1.1
https://doi.org/10.1016/S1473-3099(07)70081-6
https://doi.org/10.1038/nature01566
https://doi.org/10.1186/1743-422X-7-303
https://doi.org/10.1002/ajp.23379
https://doi.org/10.3389/fpara.2023.1115316
https://www.frontiersin.org/journals/parasitology
https://www.frontiersin.org

	A review of Gabonese gorillas and their pathogens: Diversity, transfer and One Health approach to avoid future outbreaks?
	Introduction
	Diversity of infectious agents identified in Gabonese gorillas
	Parasites
	Bacteria
	Viruses

	What are the impacts of these infections?
	Are there any transfers, and why?
	How to reconcile conservation and public health in this context of cohabitation?
	Conclusion
	Author contributions
	References


