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Abstract: Despite being important conservation tools, tourism and research may cause transmission of pa-
thogens to wild great apes. Investigating respiratory disease outbreaks in wild bonobos, we identified human

respiratory syncytial virus and Streptococcus pneumoniae as causative agents. A One Health approach to disease

control should become part of great ape programs.
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Research shows that chimpanzees and gorillas habituated to
human presence can get infected with microorganisms of
human origin. Most frequently, the transmission of respi-
ratory pathogens has been described, resulting in some
cases in high morbidity and considerable mortality
(Kondgen et al. 2008, 2010, 2017; Kaur et al. 2008; Palacios
et al. 2011; Griitzmacher et al. 2016). Viruses identified so
far are human respiratory syncytial virus (HRSV) and hu-
man metapneumovirus (HMPV), two common paramyx-
oviruses. These viruses are known to generally cause only
mild disease in healthy human adults, but may lead to
bronchiolitis and pneumonia, especially in young children
(Falsey and Walsh 2000). In addition, in most great ape
respiratory disease outbreaks described, Streptococcus (S.)

Electronic supplementary material: The online version of this article (https://doi.
0rg/10.1007/s10393-018-1319-4) contains supplementary material, which is available

to authorized users.

Published online: February 27, 2018

Correspondence to: Fabian H. Leendertz, e-mail: leendertzf@rki.de

pneumoniae was also involved in the disease development
(Kondgen et al. 2017). S. pneumoniae is a common human
pathogen, which can cause severe invasive pneumonia.
Although primarily a human pathogen, it has also been
shown to cause disease in other taxa, such as rodents,
equids and nonhuman primates (Unwin et al. 2013).

Here, we report two outbreaks of respiratory disease in
wild bonobos (Pan paniscus), endangered great apes that
occurred in the Democratic Republic of the Congo (DRC)
in 2014 and 2015.

THE STuDY

The Malebo field site, where the two outbreaks occurred, is
situated in the Bandundu Province, DRC (Fig. 1). In 2005,
the WWF and the local NGO, Mbou-Mon-Tour started to
habituate two bonobo groups (Nkala and Mpelu) to hu-
man presence, as part of a research and ecotourism pro-
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Fig. 1. Location of the PICBOU project area. Date: January 2005; Source: United Nations, 2008; Projection: WGS 84; Datum: Geographic

Coordinate System

gram geared toward the conservation of the bonobos and
the generation of supplemental income for local people. At
the time of the first outbreak, neither of the groups had
been fully habituated. Humans could not approach closer
than approximately 20 meters. The region is not protected
by law, but belongs to the local communities that tradi-
tionally do not hunt bonobos. However, community
members do frequently enter the forest to hunt other ani-
mals, collect forest products or wash their clothes.

In May of 2014, a respiratory disease outbreak was
observed in the Mpelu group, which consisted of approx-
imately 40 bonobos prior to the outbreak. At least seven
individuals were observed with severe symptoms, including
coughing, nasal discharge, inappetence, emaciation and
lethargy. Four animals were found dead during the course
of this outbreak: three adults and one juvenile. Additional
deaths cannot be ruled out because they can easily go
unnoticed as the animals were not individually identified
yet. In addition, tropical conditions can lead to rapid car-
cass breakdown, while dense vegetation hinders carcass
location. Also the neighboring Nkala group, consisting of
approximately 30 individuals, experienced a respiratory

disease outbreak in April of 2015. At least 12 group
members were observed with respiratory symptoms. Again,
four bonobos were found dead: three adults and one infant.
Samples were collected from three carcasses in each out-
break, including lung tissue samples, oral and rectal swabs
(for details on sample collection and storage please see
Technical Appendix). All carcasses are listed in Table 1. All
but two carcasses from the second outbreak (bonobos #5
and #7) were found several days after the suspected time of
death and, thus, were in advanced stages of decay.

Histology results from the lung tissue of bonobos #5
and #7 (second outbreak) revealed massive aggregates of
neutrophilic granulocytes and cell detritus in alveoli and
bronchial areas along with necrosis of alveolar and bron-
chial epithelial cells. Focally, aggregates of gram-positive
cocci were seen within the alveoli (methods in Technical
Appendix). These findings point to a high-grade, diffuse
purulent bronchopneumonia of bacterial origin, while a
primary viral infection seems likely.

All bonobo samples were screened for adenovirus,
coronavirus, enterovirus, influenza virus A and B, HMPV,
HRSV, measles virus, parainfluenza virus and rhinovirus
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Table 1. Overview of Great Ape Samples and Results

Species Individual Country Group Age Sex Material Finding
Bonobo #1 DRC Mpelu Adult F Nasal/rectal swab HRSV/S.pneu
Bonobo #2 DRC Mpelu Adult M Lung tissue HRSV/S.pneu
Bonobo #3 DRC Mpelu Adult M Nasal swab S.pneu
Bonobo #4 DRC Mpelu Juvenile F Lung tissue HRSV/S.pneu
Bonobo #5 DRC Nkala Adult M Lung tissue HRSV/S.pneu
Bonobo #6 DRC Nkala Adult F Lung tissue HRSV/S.pneu
Bonobo #7 DRC Nkala Infant M Lung tissue HRSV/S.pneu
Bonobo #8 DRC Nkala Adult M Nasal swab HRSV/S.pneu

DRC, The Democratic Republic of the Congo; S.pneu, Streptococcus pneumoniae.

using PCR-based methods (Kondgen et al. 2008; Technical
Appendix). Additionally, a PCR specific for human coro-
navirus OC43 was performed (Vijgen et al. 2005). The
latter was conducted because of the recent identification of
this virus as the causative agent of a respiratory disease
outbreak in wild habituated chimpanzees (data not shown).

HRSV was detected in both outbreaks: HRSV A in the
Mpelu outbreak and HRSV B in the Nkala outbreak.
Phylogenetic analyses performed in maximum likelihood,
and Bayesian frameworks revealed that both HRSV se-
quences belonged to recent pandemic waves (Technical
Appendix). Informing a relaxed molecular clock model
with tip dates (Tan et al. 2012), we estimated that the
bonobo-infecting HRSV A and B sequences both diverged
from their closest human-infecting relatives in 2009 (95%
highest posterior density: 2008—2010).

To investigate the spectrum of bacteria present at the
time of death, lung tissue samples and nasal swabs were
tested using a PCR targeting the bacterial 16S rRNA gene
(Mugisha et al. 2014). Sequences pointing toward S.
pneumoniae were generated from 1/17 cloned sequences.
This was subsequently confirmed by a qPCR targeting the
S. pneumoniae-specific autolysin gene (McAvin et al. 2001).
No other relevant bacteria were detected. Samples did not
allow the culturing of S. pneumoniae. Instead, further
characterization was performed by multi locus sequence
typing, generating ‘virtual clones’ (Chi et al. 2007; Tech-
nical Appendix). Sequence type (ST) 458 was determined—
a known human ST. Consecutively, the serotypes associated
with the determined ST were tested (Pai et al. 2006) and
revealed the presence of serotype 3. Direct comparison to S.
pneumoniae isolates circulating at the given location was
not possible since no data exist from this region. In general,
few data are available in the literature and in the S. pneu-

moniae MLST databases from the Democratic Republic of
Congo. A wider study of the diversity of S. pneumoniae
types in sub-Saharan Africa would be great importance.

Additionally, 24 throat swabs from project staff and
visitors who had been in potential contact with the bono-
bos were tested for respiratory viruses as described above.
Notably, samples were taken at the onset of the 2015 out-
break and no tested person had shown respiratory symp-
toms. One sample tested positive for HMPV.

CONCLUSIONS

In this outbreak investigation, we detected a co-infection of
HRSV and S. pneumoniae in bonobos that died of respi-
ratory disease. This finding is similar to what has been
described for wild chimpanzees and gorillas (Kondgen et al.
2008; Palacios et al. 2011). Beyond providing additional
evidence for viral infections of human origin in wild great
apes, the finding of a S. pneumoniae sequence type identical
to a human type from Africa (see Technical Appendix for
additional information) provides evidence that also the S.
pneumoniae infection may have been acquired from hu-
mans. This finding is of central importance because in
contrast to viral infections which are cleared from the
hosts, S. pneumoniae infections may be maintained in the
individual, community and, ultimately, in the population.
A recent study, where S. prneumoniae of human origin was
isolated from wild chimpanzees that died in a respiratory
disease outbreak, supports this finding (Kondgen et al.
2017).

Previous reports on respiratory disease outbreaks have
highlighted the risks of habituation for wild great apes. The
transmission of human pathogens from those involved in
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following great apes (e.g., trackers, tourists, researchers) has
long been the most parsimonious explanation. Although
transmission from project staff cannot be excluded also in
the outbreaks described here, transmission from villagers
frequently entering the forest seems a more likely scenario.
In this setting, hygiene measures for people involved in
great ape programs—as suggested by the new IUCN
guidelines (Gilardi et al. 2015) and as implemented by the
local WWEF project—will only reduce the risk of disease
transmission by members of the project. Especially in these
settings but in general in regions with high disease burden
and insufficient health care, it is increasingly important to
foster a One Health approach aimed simultaneously at
reducing the disease burden in the local community (and
domestic animals) and thereby the risk of disease to great
ape populations. Ideally, this kind of approach involves
stakeholders from all disciplines from health professionals,
to veterinarians and biologists. Importantly, the local
communities should be involved to design a realistic ap-
proach based on the local needs, local situation and
respecting traditions. Such a One Health approach should
comprise, e.g., general hygiene measures at the community
level, but it may also include specific vaccination campaigns
(e.g., anti-pneumococci) for people living in, and around
great ape habitat. For example, the pneumococcal conju-
gate vaccine (PCV13) would have covered the serotype
involved in both outbreaks.

Our results underline the necessity of health moni-
toring of wild great ape communities. They also demon-
strate the importance of investigating the origin of diseases
and the role habituation can play in detecting disease
outbreaks that would otherwise go unnoticed. It also be-
comes evident that also the health status of the local
communities as well as pathogens circulating locally in
humans should be investigated in order to design solid and
well targeted one health approaches. Based on these find-
ings, more concrete conservation actions can be taken to
protect human and animal health.
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