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The COVID-19 pandemic, affecting all countries, with millions of cases and deaths, and

economic disruptions due to lockdowns, also threatens the health and conservation

of endangered mountain gorillas. For example, increased poaching due to absence of

tourism income, led to the killing on 1st June 2020 of a gorilla by a hungry community

member hunting duiker and bush pigs. Conservation Through Public Health (CTPH), a

grassroots NGO and non-profit founded in 2003 promotes biodiversity conservation by

enabling people to co-exist with wildlife through integrated programs that improve animal

health, community health, and livelihoods in and around Africa’s protected areas and

wildlife rich habitats. Through these programs, we have helped to mitigate these impacts.

CTPH worked with Uganda Wildlife Authority and other NGOs to improve great ape

viewing guidelines and prevent transmission of COVID-19 between people and gorillas.

Park staff, Gorilla Guardians herding gorillas from community land to the park and Village

Health and Conservation Teams were trained to put on protective face masks, enforce

hand hygiene and a 10-meter great ape viewing distance. To reduce the communities’

need to poach, CTPH found a UK-based distributor, for its Gorilla Conservation Coffee

social enterprise enabling coffee farmers to earn revenue in the absence of tourism and

provided fast growing seedlings to reduce hunger in vulnerable community members.

Lessons learned show the need to support non-tourism dependent community

livelihoods, and more responsible tourism to the great apes, which CTPH is advocating

to governments, donors and tour companies through an Africa CSO Biodiversity Alliance

policy brief.
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INTRODUCTION

The One Health approach recognizes that the health of people
is closely connected to the health of animals, plants, and their
shared environment (https://www.onehealthcommission.org/en/
why_one_health/what_is_one_health/).

In November 2019, a highly contagious novel coronavirus,
SARS-COV-2 closely related to bat coronaviruses was identified
in China and some of the index cases linked to a wet live
animal market in Wuhan, Hubei Province (1). COVID-19 affects
both the upper respiratory and lower respiratory tracts with a
mortality rate of as much as 6.5% of confirmed cases (2). With
an estimated 80% of infected people becoming asymptomatic, a
combination of increased urbanization (3), land use change (4),
high human population growth rates and air travel (5) resulted
in the virus spreading from one continent to another and within
most countries in the world in a period of four months. World
Health Organization (WHO) declared the COVID-19 epidemic
as a pandemic on 11th March 2020.

By December 2020, there were over 80 million confirmed
cases and 1.8 million deaths (Worldometer.com/coronavirus),
and more infectious mutated strains and variants of the SARS-
COV-2 virus were discovered resulting in additional lockdowns
and travel restrictions. Though the African continent andUganda
in particular have had relatively few cases (6), the health care
systems have been overwhelmed during the waves caused by a
sharp rise in infections and deaths, in the few and inadequately
equipped hospitals. Several cases and deaths among people
in marginalized rural areas have gone undetected because
people have inadequate health seeking behavior and majority
cannot afford to pay for testing. These include people living
in biodiversity hotspots that are rich in wildlife and have high
human population densities.

Communities bordering protected areas in Africa are among
the most marginalized with limited access to basic health
and other social services as well as livelihoods options.
Improving the well-being of communities bordering protected
areas has contributed to conservation outcomes (7). Improving
community health has the potential to reduce the risk of
zoonotic disease transmission between people and great apes
(8) and improve their attitudes to conservation (9). Improving
community livelihoods has the potential to reduce hunger and
the need to poach. Great apes are found within 21 countries
in Africa of which 13 have great ape tourism at 33 sites.
Ecotourism has provided benefits to local communities who are
employed by locally based organizations to protect the wildlife
or set up enterprises that sell crafts, food items, accommodation,
and experiences including community walks and traditional
entertainment, as well as services as porters who carry bags
of tourists visiting gorillas and chimpanzees. This form of
alternative livelihood has reduced the communities’ dependence
on the forest for food and fuel wood, contributing to the
protection of endangered wildlife. Global lockdowns caused by
the COVID-19 pandemic disrupted this sustainable financing for
conservation by preventing travelers who provide critical revenue
for conservation and sustainable development from reaching
these tourist sites.

IMPACT OF COVID-19 ON GORILLA
CONSERVATION

Humans and non-human great apes in Africa share over

98% DNA genetic material and zoonotic diseases have been
transmitted between them causing morbidity and mortality (10–

12). Furthermore, studies indicate that gorillas, chimpanzees, and

other old world primates are just as susceptible as humans to
COVID-19 because they have the same Angiotensin Converting

Enzyme (ACE2) protein receptors that the SARS-COV2 virus

attaches to (13, 14), making them highly susceptible to SARS-
COV2 from humans. Wild great apes are at risk of contracting

human diseases from the people they interact with including

park staff, conservation personnel, researchers, tourists, and local
communities. The first natural transmission of COVID-19 to

primates occurred within 1 year of the pandemic in January
2021 when eight gorillas at San Diego Zoo Safari Park contracted

the disease from an asymptomatic zoo keeper with three of

them testing positive through fecal sample testing. A 48-year-
old adult male gorilla developed severe signs and the rest of

the younger members of the troop developed mild signs of

COVID-19 (15, 16). Thus, the COVID-19 pandemic has not only
resulted in a breakdown of human health care systems due to

an overwhelming number of cases and disruptions to economies
due to global lockdowns, but also presented a new threat to

the conservation of wildlife. For a species as endangered as the

mountain gorillas, the balance between health and economics
has become even more critical for their survival during this

pandemic (17).
The loss of tourism income for local communities bordering

protected areas in Africa, due to a reduction in the number
of tourists whose presence also provides some protection for

the wildlife contributed to an increase in poaching (18). This
could reverse the trend and conservation gains brought about
by tourism for endangered mountain gorillas whose IUCN status
was downgraded from critically endangered in 2018 as the only
gorilla sub species showing a positive growth trend (Figure 1) in
their population (19). Within the first 3 months of the pandemic
reaching Uganda in March 2020, there was at least a doubling of
snares retrieved with the same level of patrol effort at protected
areas in Uganda as stated by the Uganda Wildlife Authority (20)
including Bwindi Impenetrable National Park (BINP), home to
43% of the world’s estimated 1,063 mountain gorillas (21). The
absence of tourism due to the COVID-19 pandemic contributed
to the killing on 1st June 2020 of the lead silverback of the
Nkuringo gorilla group in BINP by a hungry and vulnerable
community member hunting duiker and bush pigs for food
and sale at the local market. Gorillas are not eaten in Uganda,
but become accidental victims of snares set for other species.
When the poacher speared a bush pig, its scream prompted
the silverback gorilla to charge him to protect his family. The
poacher then speared and killed the gorilla, claiming that it was
in self defense. This killing of an endangered gorilla, a direct
result of COVID-19 generated a worldwide acknowledgment of
the devastating impact of the pandemic on the conservation of
wildlife. The poacher was sentenced to 11 years in jail, the longest
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FIGURE 1 | Mountain gorilla population census results from 1970 to 2020 (Source compiled by Conservation Through Public Health).

that any person in Uganda has been sentenced for killing wild
animals (22). Though this tough sentence was a deterrent to other
community members, the increasing hunger due to the lack of
tourism was likely to result in other similar incidents among
desperate community members.

BUILDING A ONE HEALTH APPROACH TO
CONSERVATION

Conservation Through Public Health (CTPH), a grassroots
Ugandan NGO and US registered non-profit founded in 2003
promotes biodiversity conservation by enabling people to co-
exist with gorillas and other wildlife through integrated programs
that improve animal health, community health and livelihoods
in and around Africa’s protected areas and wildlife rich habitats.
CTPH was established following fatal scabies skin disease
outbreaks in Bwindi mountain gorillas that were traced to local
communities with less than adequate hygiene and health services
(23, 24). Through previously established grassroots programs
founded on the principles of One Health, PHE (Population,
Health and Environment) by adding community based family
planning (25) and Planetary Health (26), CTPH has mitigated
the health, and economic impacts of the COVID-19 pandemic
on wildlife conservation.

Population, Health and Environment (PHE) is an integrated
community-based approach to development that acknowledges
and addresses the complex connections between humans, their
health, and the environment (25). Planetary health recognizes the
effects of human behavior on the environment, which in turn
has an impact on human health (26). One Health has a strong
emphasis on biosurveillance and biosecurity of farm animals
and wildlife where, measures taken often involve the culling of
animals in order to prevent the spread of diseases to humans.

However, for better mitigation and prevention of epidemics, it
is necessary to adopt a more than human approach, that also
emphasizes the welfare of animals (27). Non-human primates,
and gorillas in particular are emblematic species to show the value
of a One Health approach that equally addresses the health of
humans, animals, and their ecosystems.

MITIGATING THE IMPACT OF COVID-19
ON GREAT APE HEALTH AND
COMMUNITY WELL-BEING

Reducing the Threat of Disease
Transmission From People to Gorillas
There have been a number of incidences of human respiratory
virus transmission from humans to wild great apes that
originated from local communities or tourists (28–30). Owing
to the potential for reverse zoonosis, guidelines to minimize
disease transmission between people and gorillas were instituted
by the government agency responsible for wildlife, Uganda
Wildlife Authority (UWA) with support from International
Gorilla Conservation Programme (IGCP) when tourism began
in 1993 (www.igcp.org). These rules included not being allowed
to visit the gorillas when showing signs of illness, maintaining
a 5-m distance and turning away to cough or sneeze. Over the
past two decades as the gorillas became more habituated to the
presence of humans, the viewing distance between people and
gorillas became closer than the new 7-m viewing distance, where
research revealed that 60% of the time the tourists got closer than
3m and 40% of the time, it was the gorillas that got closer than
3m (31). Research studies also revealed that 51–73% of tourists
were willing to wear masks (31, 32) to minimize the spread of
respiratory diseases to gorillas.
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To minimize the risk of COVID-19 and other respiratory
diseases spreading from people to gorillas, CTPH worked
with UWA and conservation and health NGOs including
IGCP,Mountain Gorilla Veterinary Project/Gorilla Doctors, Max
Planck Institute and Bwindi Community Hospital (BCH) to train
400 park staff to prevent transmission of diseases between people
and from people to gorillas. Park staff who monitor the health
of gorillas and protect them through law enforcement patrols
in the forest, were trained to put on protective face masks,
enforce hand hygiene, and a 7-m great ape viewing distance,
which UWA increased to 10m as an additional measure during
the pandemic (33). The rangers were also provided with double
layered cloth face masks and hand sanitizers. A new regulation
was instituted to have mandatory temperature checks using a
non-contact infrared thermometer, for every person entering the
forest who also had to wash their hands and disinfect their boots
before and during the trek to the gorillas.

The same training was given by CTPH, UWA, BCH, and
Kanungu and Kisoro Districts Health Offices to 119 Gorilla
Guardians who are community volunteers from the Human
and Gorilla Conflict Resolution (HUGO) team, supported by
UWA, IGCP, and CTPH to herd gorillas from community land
to the park, which occurs a few days every month among
habituated gorilla groups at Bwindi and to monitor their health
when in community land (34). The Gorilla Guardians were
also given double layered cloth face masks, hand sanitizers and
liquid soap. CTPH, IGCP and The Gorilla Organization donated
double layered cloth face masks and non-contact infrared
thermometers to UWA and the Gorilla Guardians. Village Health
and Conservation Teams (VHCTs) who are community health
volunteers, trained by CTPH since facilitating their formation
in 2007, to conduct behavior change communication at the
household and village level on good hygiene and sanitation,
infectious disease prevention and control, family planning,
nutrition, sustainable agriculture, gorilla, and forest conservation
as well as report homes visited by gorillas were also trained by
CTPH, BCH, Kanungu and Kisoro District Health Office staff
and UWA, to mitigate COVID-19, which resulted in an increase
in hand washing facilities at their homes because of the fear
of contracting the disease. Tuberculosis and other respiratory
diseases were managed together with COVID-19 where people
presenting with cough, flu, and difficulty in breathing were
tested for both diseases. Since the pandemic began, the VHCTs
have reached over 5,000 households with critical health and
conservation information and services. The 270 VHCTs were also
trained to identify suspects and carry out contact tracing as well
as counsel confirmed cases and their contacts. Gorilla Guardians
and VHCTs were also given posters on preventing COVID-19
between people and from people to gorillas to disseminate in
their community, which were made for CTPH by Solidaridad, a
donor of CTPH. Over 500 posters were put at the park offices and
disseminated among the local communities.

Conservation Through Public Health is working with UWA,
BCH, Kanungu and Kisoro District Health offices, Uganda Virus
Research Institute, University of Madison-Wisconsin, and other
partners to test gorillas, and people interfacing with gorillas
both inside and outside the park for COVID-19. During the

pandemic, CTPH got new donors to fund these activities as
part of emergency funding for COVID-19, including Arcus
Foundation, International Union for the Conservation of Nature
(IUCN) Save the Species and European Union, the British High
Commission and individual donors, which was complimented
by funding for ongoing activities supported by Tusk Trust,
Whitley Fund for Nature, Population Connection and Wildlife
Conservation Network.

Conservation Through Public Health (CTPH) joined the
Uganda Ministry of Health (MOH) national disease taskforce
in 2010. Through this platform, CTPH increased awareness
among taskforce members of the susceptibility of gorillas
and chimpanzees to COVID-19 from humans, influencing the
national response to the pandemic where primate tourism
reopened later than other wildlife based tourism primarily to
protect the closely genetically related gorillas and chimpanzees
from human diseases as stated in the speech of the President of
Uganda in May 2020 (www.ntv.co.ug).

Reducing the Threat of Poaching
The absence of tourism income also became a threat to the
survival of the mountain gorillas because the economic incentive
for communities to protect them by not entering their habitat
to poach was removed. Additionally, there was a reduction in
tourism revenue that sustains park operations including anti-
poaching patrols. This prompted the government to reopen
primate tourism at the end of September 2020 where the
benefits of reducing illegal entries in the habitat of great apes
outweighed the risk of introducing COVID-19 from tourists
to the endangered gorillas and chimpanzees because the risk
of reverse zoonotic disease transmission was perceived to be
greatly reduced through instituting the new standard operating
procedures including mandatory wearing of masks within 10m
of great apes and increasing the viewing distance from seven
to 10m. Vaccination of people who interact with great apes
potentially reduce the risk of COVID-19 disease transmission
between people and great apes even further (35). Though tourism
is still at an estimated 10–20% of pre pandemic levels largely
due to lockdowns preventing international travel, it has brought
hope to the Bwindi local communities and contributed to a
reduction in poaching, as well as, generated revenue to support
law enforcement operations that protect the gorillas and other
species in their habitats.

When the COVID-19 pandemic reached Uganda in March
2020, double layered cloth face masks were bought from a
local enterprise, Ride for a Woman, and provided to park
rangers and other conservation personnel and community
members including HUGOs, VHCTs and reformed poachers.
This provided an income for the women and contributed to
a reduction in poaching in the gorillas’ habitat during the
pandemic that resulted in a reduction in tourism due to
global lockdowns.

In May 2020, CTPH got a new UK-based distributor,
Moneyrow Beans, for its Gorilla Conservation Coffee social
enterprise that had started in 2015 to provide abovemarket prices
for premium and specialty coffee sold locally and internationally
to Lifestyle of Health and Sustainability (LOHAS) consumers
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who want to support gorilla conservation where a donation
from every bag of coffee sold goes toward sustaining community
health, gorilla health, and conservation education programs of
CTPH. This social enterprise also had reduced sales because it
relied on international tourists who could no longer travel to
Uganda for tourism to the gorillas and other wildlife and who
were the main customers for the coffee. Finding a new export
market not dependent on tourism enabled 150 coffee farmers
to earn some revenue and reduced their need to poach. It also
enabled conscious consumers to fulfill their desire of supporting
gorilla conservation during the pandemic through purchase of
coffee in the UK, USA, Kenya, New Zealand and Australia.

As a response to the killing of Rafiki, the lead silverback of
Nkuringo gorilla group by a hungry poacher, that led to the
group reducing in size, CTPH started a new emergency food
relief “Ready to Grow” program to provide fast growing seedlings
that take 1–4 months to produce food, to reduce hunger in
vulnerable community members where 1,002 families were the
first to be provided with 10 types of fast growing seedlings
helping to reduce hunger, starting with Nteko parish where
the family of the poacher who speared Rafiki the gorilla were
also beneficiaries. Among the vulnerable people who received
seedlings were porters whose livelihoods were most affected by
the lack of tourism, which they had began to solely depend
on to meet their family needs, reformed poachers who CTPH
had started to provide with group livestock income generating
projects, Batwa hunter gatherers who were resettled outside the
park when it was gazetted in 1991, Gorilla Guardians, local
council chairpersons, and VHCTs who were also tasked with
monitoring the success of the Ready to Grow program among
the households. CTPH is currently measuring how improving the
well-being of Bwindi local communities is reducing poaching and
other illegal forest resource use during the pandemic.

Advocating for Responsible Tourism to
Great Apes Through a One Health
Approach
In March 2020, a network of African based NGOs and CBOs
was created to strengthen the African voice in the Convention of
Biological Diversity (CBD) resulting in the creation of the Africa
CSO Biodiversity Alliance (ACBA) of which CTPH became
a member. Through the ACBA platform CTPH worked with
IGCP to develop a policy brief targeting African governments,
donors and tour companies, (36) based on IUCN best practice
guidelines for great ape tourism and lessons learned from 27 years
of implementing great ape tourism in Uganda, which prior to
the COVID-19 pandemic, was contributing to 60% of tourism
revenue for UWA (37). Through the policy brief and the MOH
COVID-19 taskforce, CTPH has been advocating for priority
testing and vaccination of park staff coming into close contact
with gorillas and chimpanzees.

In response to the pandemic, the ACBA designed a social
media campaign on the risks of zoonosis to human health (38)
and reverse zoonosis to great apes, with links to COVID-19,
highlighting the danger of consuming bats, primates, and other
high risk species, that have historically been the source of disease
outbreaks and epidemics of Ebola, Marburg, and other zoonotic

diseases in Africa and the risks of spreading diseases from people
to closely related great apes (39, 40).

DISCUSSION

A One Health approach that equally addresses the health of
humans and gorillas together to promote species and habitat
conservation enabled CTPH tomitigate the impact of COVID-19
on gorilla conservation. Lessons from the COVID-19 pandemic
in Uganda that can be applied to other countries in Africa and
the developing world even after the pandemic has been brought
under control, include the great need to prevent COVID-19
and other diseases between people and non-human great apes
through responsible tourism and promotion of community
health where great apes and other wild animals range. Another
lesson is the need to reduce poaching by addressing hunger
among vulnerable community members and by supporting
community livelihoods. Tourism is one of the most effective ways
of providing sustainable financing for conservation, however
it must be carried out carefully to minimize the risk of
zoonotic disease transmission to great apes from tourists who
could bring in fatal viruses like SARS-COV-2. In order for
tourism to contribute to a reduction in poaching from local
communities, it must support local livelihoods. The pandemic
has also demonstrated the need to provide other sustainable
financing mechanisms for conservation when tourism is not
possible. This includes increasing access to international markets
by encouraging responsible consumption through purchase of
ethically sourced products that improve community livelihoods
with a direct positive impact on conservation, such as Gorilla
Conservation Coffee. The delicate balance between the increased
risks to the health of great apes from tourists and increased
poaching in their habitat due to the absence of tourism has
to continually be assessed to determine whether to suspend or
reopen great ape tourism during pandemics (17).

Thus, there is a critical need for One Health approaches
that improve human, animal and ecosystem health together
and support communities through tourism and livelihoods
that are not dependent on tourism. Such approaches can be
scaled globally to build resilience and minimize the health and
economic impact of pandemics like COVID-19 on humanity and
wildlife particularly in low to middle income countries (41, 42).

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found at: www.ctph.org.

AUTHOR CONTRIBUTIONS

GK-Z, SR, and LZ designed the programs. AN led the
implementation of the field programs. GK-Z led advocacy
initiatives and wrote the manuscript. GK-Z, SR, and LZ
participated in implementation of the activities. All authors
contributed to the article and approved the submitted version.

Frontiers in Public Health | www.frontiersin.org 5 August 2021 | Volume 9 | Article 655175

http://www.ctph.org
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Kalema-Zikusoka et al. Mitigating COVID-19 on Gorilla Conservation

REFERENCES

1. Maron D. (2020) ’Wet Markets’ Likely Launched the Coronavirus. Here’s What

You Need to Know. Available online at: https://www.nationalgeographic.com/

animals/article/coronavirus-linked-to-chinesewet-markets (accessed April

15, 2020).

2. Latif AA, Mukaratirwa S. Zoonotic origins and animal hosts of coronaviruses

causing human disease pandemics: a review. Onderstepoort J Vet Res. (2020)

87:e1–9. doi: 10.4102/ojvr.v87i1.1895

3. Connolly CS, Ali H, Keil R. On the relationships between COVID-

19 and extended urbanization. Dial Human Geography. (2020) 10:1–

4. doi: 10.1177/2043820620934209

4. Plowright RK, Reaser JK, Locke H, Woodley SJ, Patz JA, Becker DJ, et al.

Land use-induced spillover: a call to action to safeguard environmental,

animal, and human health. Lancet Planet Health. (2021) 5:e237–e245.

doi: 10.1016/S2542-5196(21)00031-0

5. Beusekom MV. CIDRAP News, Sep 21, (2020). Studies Trace COVID-19

Spread to International Flights. Minnesota, MN (2020).

6. Bell, D, Hansen KS, Kiragga AN, Kambugu A, Kissa J, et al. Predicting the

impact of COVID-19 and the potential impact of the public health response

on disease burden in Uganda. Am J TropMed Hyg. (2020) 103:1191–7.

doi: 10.4269/ajtmh.20-0546

7. Naidoo R, Gerke D, Hole D, Pfaff A, Ellis AM, Golden CG, et al. Evaluating the

impacts of protected areas on human well-being across the developing world.

Sci Adv. (2019) 5:eaav3006. doi: 10.1126/sciadv.aav3006

8. Kalema-Zikusoka G, Rubanga S, Mutahunga B, Sadler R. Prevention of

Cryptosporidium and GIARDIA at the Human/Gorilla/Livestock Interface.

Front Public Health. (2018) 6:364. doi: 10.3389/fpubh.2018.00364

9. Chapman CA, Bavel B, Boodman C, Ghai RR, Gogarten JF, Hartter J, et al.

Providing health care to improve community perceptions of protected areas.

Oryx. (2015) 49:636–42. doi: 10.1017/S0030605313001592

10. Scully EJ, Basnet S, Wrangham RW, Muller MN, Otali E, Hyeroba D,

et al. Lethal respiratory disease associated with human Rhinovirus C in

wild chimpanzees, Uganda, (2013). Emerg Infect Dis. (2018) 24:267–74.

doi: 10.3201/eid2402.170778

11. Grutzmacher KS, Keil V, Metzger S, Wittiger L, Herbinger I,

Calvignac-Spencer S, et al. Human respiratory syncytial virus and

Streptococcus pneumoniae infection in wild bonobos. Ecohealth. (2018)

15:462–6. doi: 10.1007/s10393-018-1319-4

12. Negrey J, Reddy R, Scully E, Phillips-Garcia S, Owens L, Langergraber K,

et al. Simultaneous outbreaks of respiratory disease in wild chimpanzees

caused by distinct viruses of human origin. Emerg Microb Infect. (2019)

8:139–49. doi: 10.1080/22221751.2018.1563456

13. Damas J, Hughes GM, Keough KC, Painter CA, Persky NS, Corbo M,

et al. Broad host range of SARS-CoV-2 predicted by comparative and

structural analysis of ACE2 in vertebrates. PNAS. (2020) 117:22311–22.

doi: 10.1073/pnas.2010146117

14. Melin AD, Mareike C, Janiak FM, Paramjit SA, Higham JP. Comparative

ACE2 variation and primate COVID-19 risk. Commun Biol. (2020) 3:641.

doi: 10.1038/s42003-020-01370-w

15. San Diego Zoo Global press release. Gorilla Troop at the San Diego Zoo

Safari Park Test Positive for COVID-19. (2020). Available online at: https://

zoo.sandiegozoo.org/pressroom/news-releases/gorillatroop-san-diego-zoo-

safari-park-test-positive-covid-19 (accessed January 11, 2021).

16. Non-Human Primate COVID-19 Information Hub (2020). Available online

at: https://umnadvet.instructure.com/courses/324 (accessed April 12, 2021).

17. Gillespie TR, Leendertz FH, Ahouka S, Banza CL, Ancrenaz M, Berg R, et

al. COVID-19: protect great apes during human pandemic. Nature. (2020)

579:497. doi: 10.1038/d41586-020-00859-y

18. Lindsey P, Allan J, Brehony P, Dickman A, Robson A, Begg C, et al. Conserving

Africa’s wildlife and wildlands through the COVID-19 crisis and beyond. Nat

Ecol Evolut. (2020) 4:1300–10. doi: 10.1038/s41559-020-1275-6

19. Hickey JR, Basabose A, Gilardi KV, Greer D, Nampindo S, Robbins MM, et al.

Gorilla beringei ssp. beringei. The IUCN Red List of Threatened Species 2018.

Gland (2018).

20. Voice of Africa News. (2020). Available online at: https://www.voanews.com/

covid-19-pandemic/wildlife-poaching-doubles-uganda-during-covid-19-

lockdown

21. Hickey JR, Uzabaho E, Akantorana M, Arinaitwe J, Bakebwa I, Bitariho R, et

al. Bwindi-Sarambwe 2018. Surveys Monitoring Select Mammals and Human

Activities. Kampala (2019).

22. Uganda Wildlife Authority. Standard Operating Procedure for Tourism

Services and Research Activities in UWA Estates and the Reopening of the

Protected Areas to the General Public During COVID-19 Pandemic. (2020).

Retrieved from: https://www.ugandawildlife.org/phocadownload/press_

releases/SOPs-for-opening-tourism-and-research-post-covid-protected-

areas.pdf (accessed July, 2020).

23. Kalema-Zikusoka G, Kock RA, Macfie EJ. Scabies in free-ranging

mountain gorillas (Gorilla beringei beringei.) in Bwindi Impenetrable

National Park, Uganda. Vet Record. (2002) 150:12–5. doi: 10.1136/vr.1

50.1.12

24. Graczyk TK, Mudakikwa AB, Cranfield MR, Eilenberger U. Hyperkeratotic

mange caused by Sarcoptes scabiei (Acariformes: Sarcoptidae) in juvenile

human-habituated mountain gorillas (Gorilla gorilla beringei). Parasitol Res.

(2001) 87:1024–8. doi: 10.1007/s004360100489

25. Bremner J, ZueHlke E. Integrating Population, Health and Environment in

Uganda. June (2009). Population Reference Bureau Policy Brief. Washington,

DC (2009).

26. Horton R, Selina L. Planetary health: a new science for exceptional action.

Lancet. (2015) 386:1921–2. doi: 10.1016/S0140-6736(15)61038-8

27. Laine N, Morand S. Linking humans, their animals, and the environment

again: a decolonized and more-than-human approach to “One Health.”

Parasite. (2020) 27:55. doi: 10.1051/parasite/2020055

28. Palacios G, Lowenstine LJ, Cranfield MR, Gilardi KVK, Spelman

L, Lukasik-Braum M, et al. human metapneumovirus infection

in wild mountain Gorillas, Rwanda. Emerg Infect Dis. (2011)

17:711–3. doi: 10.3201/eid1704.100883

29. Patrono LV, Samuni L, Corman VM, Nourifar L, Röthemeier C, Wittig RM,

et al. Human coronavirus OC43 outbreak in wild chimpanzees, Côte d’Ivoire.

Emerg Microb Infect. (2018) 7:118. doi: 10.1038/s41426-018-0121-2

30. Mazet JA, Harris LA, Genovese B, Cranfield M, Zimmerman

D, Noheri JB, et al. Human respiratory syncytial virus detected

during mountain gorilla respiratory outbreaks. EcoHealth. (2018)

17:449–60. doi: 10.1007/s10393-020-01506-8

31. Weber A, Kalema-Zikusoka G, Stevens N. Lack of rule-adherence during

mountain gorilla tourism encounters in bwindi impenetrable national park,

uganda, places gorillas at risk from human disease. Front Public Health. (2020)

8:1. doi: 10.3389/fpubh.2020.00001

32. Hanes AC, Kalema-Zikusoka G, Svensson MS, Hill MC. Assessment of health

risks posed by tourists visiting mountain gorillas in bwindi impenetrable

national park, Uganda. Primate Conserv. (2018) 32:123–32.

33. Uganda Wildlife Authority press release. Rafiki Killer Sentenced to 11 Years in

jail. (2020). Available online at: https://apnews.com/article/virus-outbreak-

wildlife-animals-health-africa-~96db2f00e329304cf255a949b1addaf7

(accessed July 30, 2020).

34. Kalema-Zikusoka G, Rwego IB. Mountain Gorillas, tourism, and conflicts

with people living adjacent to bwindi impenetrable national park. In: Aguirre

A, Sukumar R, editoes.Tropical Conservation, Perspectives on Local andGlobal

Priorities. Oxford: Oxford University Press (2016). p. 136–9.

35. Leendertz HF, Kalema-Zikusoka G. Vaccinate in biodiversity hotspots

to protect people and wildlife from each other. Nature. (2021)

591:369. doi: 10.1038/d41586-021-00690-z

36. Mbayayi A, Kalema-Zikusoka G. COVID-19 and Africa’s Great Apes.

Challenges and Threats Amidst the COVID-19 Pandemic for Sustaining

Conservation through Responsible Great Ape Tourism. Nairobi: Africa

Biodiversity Alliance Civil Society Alliance (2020).

37. Ashaba R. (2019). Available online at: https://guide2uganda.ug/gorillas-atop-

as-ugandas-biggest-tourism-foreign-exchange-earners-hints-minister/

38. UNEP Frontiers report. Preventing the Next Pandemic: Zoonotic Diseases

and How to Break the Chain of Transmission. (2020). Available online

at: https://www.unenvironment.org/resources/report/preventingfuture-zoon

oticdisease-outbreaks-protecting-environment-animals-and (accessed July 6,

2020).

39. Walsh P, Abernethy K, Bermejo M, Beyers R, De Wachter P, Akou M, et

al. Catastrophic ape decline in western equatorial Africa. Nature. (2003)

422:611–4. doi: 10.1038/nature01566

Frontiers in Public Health | www.frontiersin.org 6 August 2021 | Volume 9 | Article 655175

https://www.nationalgeographic.com/animals/article/coronavirus-linked-to-chinesewet-markets
https://www.nationalgeographic.com/animals/article/coronavirus-linked-to-chinesewet-markets
https://doi.org/10.4102/ojvr.v87i1.1895
https://doi.org/10.1177/2043820620934209
https://doi.org/10.1016/S2542-5196(21)00031-0
https://doi.org/10.4269/ajtmh.20-0546
https://doi.org/10.1126/sciadv.aav3006
https://doi.org/10.3389/fpubh.2018.00364
https://doi.org/10.1017/S0030605313001592
https://doi.org/10.3201/eid2402.170778
https://doi.org/10.1007/s10393-018-1319-4
https://doi.org/10.1080/22221751.2018.1563456
https://doi.org/10.1073/pnas.2010146117
https://doi.org/10.1038/s42003-020-01370-w
https://zoo.sandiegozoo.org/pressroom/news-releases/gorillatroop-san-diego-zoo-safari-park-test-positive-covid-19
https://zoo.sandiegozoo.org/pressroom/news-releases/gorillatroop-san-diego-zoo-safari-park-test-positive-covid-19
https://zoo.sandiegozoo.org/pressroom/news-releases/gorillatroop-san-diego-zoo-safari-park-test-positive-covid-19
https://umnadvet.instructure.com/courses/324
https://doi.org/10.1038/d41586-020-00859-y
https://doi.org/10.1038/s41559-020-1275-6
https://www.voanews.com/covid-19-pandemic/wildlife-poaching-doubles-uganda-during-covid-19-lockdown
https://www.voanews.com/covid-19-pandemic/wildlife-poaching-doubles-uganda-during-covid-19-lockdown
https://www.voanews.com/covid-19-pandemic/wildlife-poaching-doubles-uganda-during-covid-19-lockdown
https://www.ugandawildlife.org/phocadownload/press_releases/SOPs-for-opening-tourism-and-research-post-covid-protected-areas.pdf
https://www.ugandawildlife.org/phocadownload/press_releases/SOPs-for-opening-tourism-and-research-post-covid-protected-areas.pdf
https://www.ugandawildlife.org/phocadownload/press_releases/SOPs-for-opening-tourism-and-research-post-covid-protected-areas.pdf
https://doi.org/10.1136/vr.150.1.12
https://doi.org/10.1007/s004360100489
https://doi.org/10.1016/S0140-6736(15)61038-8
https://doi.org/10.1051/parasite/2020055
https://doi.org/10.3201/eid1704.100883
https://doi.org/10.1038/s41426-018-0121-2
https://doi.org/10.1007/s10393-020-01506-8
https://doi.org/10.3389/fpubh.2020.00001
https://apnews.com/article/virus-outbreak-wildlife-animals-health-africa-~96db2f00e329304cf255a949b1addaf7
https://apnews.com/article/virus-outbreak-wildlife-animals-health-africa-~96db2f00e329304cf255a949b1addaf7
https://doi.org/10.1038/d41586-021-00690-z
https://guide2uganda.ug/gorillas-atop-as-ugandas-biggest-tourism-foreign-exchange-earners-hints-minister/
https://guide2uganda.ug/gorillas-atop-as-ugandas-biggest-tourism-foreign-exchange-earners-hints-minister/
https://www.unenvironment.org/resources/report/preventingfuture-zoonoticdisease-outbreaks-protecting-environment-animals-and
https://doi.org/10.1038/nature01566
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Kalema-Zikusoka et al. Mitigating COVID-19 on Gorilla Conservation

40. Glasser DB, Goldberg TL, Guma N, Balyesiima G, Agaba H, Gessa SJ,

et al. Opportunities for respiratory disease transmission from people to

chimpanzees at an East African tourism site. Am J Primatol. (2020)

83:e23228. doi: 10.1002/ajp.23228

41. Namusisi SID, Mahero M, Travis D, Pelican K, Robertson C, Mugisha L. A

descriptive study of zoonotic disease risk at the human-wildlife interface in a

biodiversity hot spot in South Western Uganda. PLoS Negl Trop Dis. (2021)

15:e0008633. doi: 10.1371/journal.pntd.0008633

42. AFP. Gabon Bans Eating of Pangolin and Bats amid Pandemic.

Libreville (2020).

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Kalema-Zikusoka, Rubanga, Ngabirano and Zikusoka.

This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction

in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this

journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Public Health | www.frontiersin.org 7 August 2021 | Volume 9 | Article 655175

https://doi.org/10.1002/ajp.23228
https://doi.org/10.1371/journal.pntd.0008633
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Mitigating Impacts of the COVID-19 Pandemic on Gorilla Conservation: Lessons From Bwindi Impenetrable Forest, Uganda
	Introduction
	Impact of COVID-19 on Gorilla Conservation
	Building a One health Approach to Conservation
	Mitigating the Impact of COVID-19 on Great Ape Health and Community Well-Being
	Reducing the Threat of Disease Transmission From People to Gorillas
	Reducing the Threat of Poaching
	Advocating for Responsible Tourism to Great Apes Through a One Health Approach

	Discussion
	Data Availability Statement
	Author Contributions
	References


