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Reports of a mass die-off of ~350 elephants (Loxo-
donta africana) in northern Botswana over a period
of two months (May–June 2020), has fuelled specu-
lation and concern regarding the cause. Although
the area in which these mortalities occurred is not
protected and is considered a hotspot for human–
elephant conflict and poaching, both malicious
poisoning and poaching are unlikely to have played
a role as other species were not affected, and
elephant carcasses were found with tusks intact.
In the absence of a confirmed cause we sought to
identify the lines of enquiry that are most likely to
lead to a definitive answer. In particular, we consider
viral and bacterial agents that could precipitate
species-specific mortalities on this scale, poten-
tial environmental sources of poisoning and the
samples and tests that would assist in excluding/
confirming these candidate causes. Whilst it may be
argued that these mortalities are unlikely to nega-
tively impact the broader elephant population of
~130 000 individuals in Botswana, the same cannot
be said of the many vulnerable population pockets in
other parts of Africa. For this reason, it is essential
that the cause of the current die-off is identified as it
is the only way to prevent similar losses of suscepti-
ble elephants elsewhere.

Keywords: Encephalomyocarditis virus, arbovirus, ro-
dent-borne diseases, mosquito vectors, human-
elephant conflict, inter-species transmission, cyano-
bacteria, Okavango.

Introduction
Recent media reports of a mass die-off of African

elephants (Loxodonta africana), in northern
Botswana over a two-month period, have sparked
concern and speculation amongst wildlife biolo-
gists, conservationists and the public. These
reports indicate that ~350 elephants died en
masse in the months of May and June 2020
(https://africageographic.com/stories/botswana-
elephant-graveyard-mystery-death-toll-rises-to-

400/) following an initial cluster of deaths (44 ani-
mals) in March 2020 (https://www.iol.co.za/news/
africa/botswana-probes-mysterious-death-of-56-
elephants-48239310). The photographic evi-
dence accompanying these reports suggests that
the mortalities were indiscriminate with respect to
elephant age and sex, and that death for some
was sudden as elephants were found collapsed
forward onto their chests, tusks in ground, rather
than on their sides. Aside from the mention of a
single dead horse in a nearby watering hole, this
mass mortality event is notable for being highly
specific to elephants. What distinguishes it from
most past mass mortalities in elephants is that it
occurred in an area that is inhabited by elephants,
humans and livestock, rather than in a protected
area. This species-specificity, together with confir-
mation that elephant carcasses were found with
tusks intact, makes it unlikely that malicious
poisoning and poaching were involved, and has
led to suggestions that either disease, environ-
mental bio-intoxication or starvation may be to
blame (https://www.nationalgeographic.com/ani-
mals/2020/07/botswana-elephant-death-mys-
tery/). Here, we consider these three possible
causes of the mass mortality in the light of local-
ity-specific considerations, historical elephant
(and other wildlife species) mortalities reported
elsewhere, reports of neurological clinical signs
and other anecdotal lines of evidence, and the
possibility that a confluence of these factors may
have created a perfect storm.

Locality-specific considerations
Most of the elephant carcasses were detected

across a 5593 km2 area administratively known
as NG11 which lies adjacent to the Okavango
Panhandle and in which elephant movement is
severely constrained to areas NG11 and NG12 by
fences and deep water. A northern fence demar-
cates the border between Botswana and Namibia,
a veterinary fence in the east restricts the move-
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ment of wildlife, and a relatively deep and wide
channel of water forms the western boundary of
the Panhandle in the Okavango Delta (Fig. 1). The
confinement of elephants within these boundaries
has resulted in artificially high elephant densities
such that today, ~15 000 of Botswana’s ~130 000
elephants live in the NG11-12 (Seronga) area,
along with ~16 000 people (Pozo et al., 2017),
~4000 goats and ~25 000 cattle (Chase et al.,
2018). Human activities along the Okavango Pan-
handle restrict the Okavango River Delta as a
source of water for elephants in NG11 and the
well-worn routes that elephants travel to get to
water are invariably accompanied by crop-raiding,
particularly for those crops within a 1.2 km distance
from these paths (Songhurst & Coulson, 2014),
leading to high levels of human–elephant conflict
that have long plagued the area (Jackson et al.,
2008). In addition to being a hotspot for human–
elephant conflict (Pozo et al., 2017), it is consid-
ered to be one of five poaching hotspots based on
records of tuskless carcasses with damaged
skulls (Schlossberg et al., 2019).

The potential causes of a mass die-off are many,

and in the absence of a definitive diagnosis, it is
critical to identify the most likely candidate causes
and the most appropriate samples that should be
collected to rapidly arrive at a definitive diagnosis.
We attempt to achieve this objective, under the
following two lines of enquiry: pathogens (viral
and bacterial) and poisoning/starvation, with
emphasis on pathogens.

Diseases: the viral candidates
One of the better known pathogen-induced

mass mortality events occurred in a free-ranging
African elephant population in the Kruger National
Park (KNP), from 1993–4 (Grobler et al., 1995).
It was caused by encephalomyocarditis (EMC)
virus, a single-stranded RNA virus within the
Cardiovirus genus that can cause acute death in
both captive and free-ranging African and Asian
(Elephus maximus) elephants. Encephalomyo-
carditis is often associated with a concomitant
increase in sympatric rodent reservoir host popu-
lations with elephant mortalities in zoos in the
northern hemisphere being linked to Rattus
(Lamglait et al., 2015) and those in a free-ranging
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Fig. 1. Map indicating the Okavango Delta Panhandle in which the majority of elephant carcasses were found in the
months of March–June 2020 in northern Botswana (green shading). The red line indicate the veterinary fence and
the yellow shading denotes fully protected areas in the vicinity of the mass elephant die-off.
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elephant population in South Africa, to Mastomys
species (Grobler et al., 1995). Two distinct EMC
virus (EMCV) serotypes are recognized, viz.
EMCV-1 and EMCV-2 (Philipps et al., 2012). Both
African and Asian elephants are susceptible to
EMCV-1 (van Sandwyk et al., 2013), which is
excreted in rodent faeces and infects elephants
via the faecal-oral route. The virus replicates in
myocardial cells, leading to severe inflammation
and cellular damage and sudden death in acute
cases. In less acute cases, lack of appetite,
fatigue, and dyspnea and terminal involuntary and
uncoordinated movements related to cerebral
hypoxia just prior to death, may be interpreted as
neurological symptoms. The most notable post
mortem lesions in elephants include myocarditis
and severe pulmonary oedema with froth in the
major airways. It is noteworthy that in the KNP out-
break, there was a distinct age and sex bias, with
83% of the deaths occurring in adult males
(Grobler et al., 1995). This sex and age bias
seems to be contradicted in the current Botswana
outbreak as the media reports and accompanying
photographs suggest that elephants of all age
classes and both sexes were affected.

To establish a definitive EMCV diagnosis, histo-
pathology using immunofluorescent techniques
can be used to detect viral antigen in animal
tissues. In addition, blood samples from viraemic
elephants and rodent reservoir hosts, will allow for
the detection of the virus and serum antibodies to
the virus, respectively. Fresh heart tissue from
elephants that have succumbed to EMCV infection
is the ideal tissue type for virus detection and isola-
tion and should be stored at –80°C or in liquid
nitrogen. When this is not possible, an appropri-
ate buffer, such as RNAlater, that ensures virus
genome integrity and allows for the molecular
confirmation of EMCV presence by reverse-trans-
cription polymerase chain reaction (RT-PCR; van
Sandwyk et al., 2013) should be used (Table 1).
Fresh faecal samples from rodents living in an out-
break area should be collected to identify rodent
reservoir species (Lamglait et al., 2015). This is
because fresh rodent faecal pellets are not only
amenable to virus isolation on Vero cells or cells of
murid origin such as baby hamster kidneys (BHK)
cells (MacLachlan & Dubovi, 2017), but also to
nucleic acid extraction and downstream RT-PCR
assays, inclusive of a reverse transcriptase loop-
mediated isothermal amplification method that
can be deployed in the field (Yuan et al., 2014).
When fresh tissue material from elephants is not
available, due for example to an extended post

mortem and sampling interval, the destruction of
ideal tissue type by scavengers or when mortali-
ties suddenly cease, it is critical to sample sym-
patric rodent populations as soon as possible to
assist with confirming/refuting probable EMCV
involvement.

Other than the EMCV-1, at least two arbovirus-
es, viz. West Nile virus (WNV) and Shuni virus
(SHUV) can lead to neurological disease. Horses
(also hind gut fermenters) are particularly suscep-
tible to both and considered valuable sentinel
species for detecting virus circulation.Both African
and Asian elephants are seropositive to WNV
(Root & Bosco-Lauth, 2019) with 100% WNV
exposure being confirmed for elephants in the
Congo basin (Kading et al., 2013). Shuni virus is
another RNA arbovirus that has been associated
with fatal encephalitis in African equids (van
Eeden et al., 2012).Although there is no confirma-
tion of SHUV infection in elephants, exposure has
been confirmed in other wildlife species, highlight-
ing the possibility that Shuni virus or another
known/unknown arbovirus infection causing neuro-
logical symptoms may explain the mass die-off of
elephants. The relevance of a dead horse in one
of the nearby waterholes may be incidental and
unrelated to the elephant mortalities, however, as
horses are known to be highly susceptible to WNV;
>93% show neurological symptoms and the
mortality rate is >34% (Steyn et al., 2019), arbo-
virus infections should be considered. This can
be achieved by sampling brain tissue (Table 1)
which, as opposed to heart tissue and other organ
tissue types that are rapidly scavenged, is safely
encased in the skull. Another reason why arbo-
viruses warrant consideration is because the pans
that are filled by rain water during the summer
months can be breeding sites of insects that
can act as vectors for arboviruses. Mosquitoes,
amongst others, should be collected at the water-
holes that elephants use.

Diseases: the bacterial candidates
Anthrax is a multi-species bacterial disease

caused by Bacillus anthracis and can cause
peracute death in elephants.Although anthrax has
recently been reported in Botswana elephants
(https://www.diseasedaily.org/diseasedaily/arti-
cle/anthrax-kills-over-100-elephants-botswana-
111119) it is unlikely to be the cause of the current
mass elephant die-offs, as clinical signs consistent
with anthrax, including haemorrhagic discharge
from body orifices, were not reported in these
elephants and the carcasses of other species
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were not found during the outbreak. During the
period of mass replication of anthrax bacilli in the
blood and tissues in herbivores, certain exotoxins
are produced and these result in severe oedema
and haemorrhages throughout the body including
the brain. This results in terminal disorienta-
tion, ataxia, respiratory distress and apoplectic
seizures. With anthrax this period is short-lived
and rarely seen, and death occurs peracutely.
Another important point is that the body condition
of the victims is usually average to good because
death occurs acutely. Anthrax is relatively easy to
diagnose microscopically on blood smears from
fresh carcasses. In older carcasses, the micro-
scopic picture is clouded by the presence of
numerous putrefactive organisms including Clos-
tridia, but in experienced hands, anthrax ‘ghosts’
can still be identified. In addition, anthrax can be
readily confirmed by culture on appropriate media
and phage typing (Bengis, 2011). Molecular tech-
niques using PCR technology are also readily
available. Because anthrax is distributed through-
out the body (septicaemia), tissue samples from
any organ can be used for these molecular tech-
niques.

Enterotoxaemia caused by Clostridium perfrin-
gens type C can also lead to sudden death, but is
frequently characterized by severe diarrhoea, a
clinical sign not reported in the current outbreak. In
contrast, enterotoxaemia caused by Clostridium
perfringens type D, leads to peracute death,
following sudden involuntary movement of mus-
cles, circling, posterior paralysis, and a little or
no diarrhoea and gas production. Post mortem
lesions consistent with Clostridium perfringens
type D infection include haemorrhagic intestinal
serosa and haemorrhages in epi- and endo-
cardium (Bacciarini et al., 2001). Since some
media reports describe neurological signs such as
circling and inability to coordinate gait by some of
the elephants, Clostridium perfringens type D,
should be considered a differential diagnosis. We
also need to be aware that in recent years there
have been several major die-offs of Saiga antelope
(Saiga tatarica) in eastern Eurasia caused by
Pasteurella multocida, which have been linked to
changing environmental events (Kock et al., 2018).
In addition, there have been reports of Pasteurel-
la-related deaths in Asian elephants (Chandranaik,
et al., 2016), indicating that Pasteurellosis should
also be included in the differential diagnosis.

Whilst genus/species-specific diagnostic assays
are available for differential diagnosis of known
viral and bacterial pathogens, the possibility that a

novel pathogen caused the mass die-off remains a
distinct possibility. Although reports suggest that
many of the carcasses were in an advanced stage
of decomposition, impeding diagnosis and result-
ing in the degradation of nucleic acids, next-gene-
ration sequencing (NGS) technologies, which
generate short stretches of sequence, lend them-
selves to the identification of novel pathogens from
suboptimal samples. Fresh tissue material from
multiple individuals would, however, be ideal for
NGS-led pathogen discovery and species-specific
detection assays.

Environmental bio-intoxication
Sudden death in elephants can involve both

pathogens and poisonings. While poisoning in
the broad context could cause sudden death in
elephants, it is important to distinguish between
malicious/deliberate poisoning and non-malicious
poisoning caused, for example, by the ingestion of
poisonous plants or through exposure to toxigenic
cyanobacteria. Although it is known that free-
ranging African elephants appear to use second-
ary metabolites as cues to avoid indigenous toxic
plants (Schmitt et al., 2020), the risk lies with alien
invasive plants, associated with human habitation.
One such example is Nerium oleander which has
been recorded in northern Botswana (https://www.
inaturalist.org/projects/alien-plants-of-northern-
botswana) and which could result in sudden death
if consumed. The possibility of alien, toxic plants
as a possible cause of mortalities, therefore,
warrants consideration.

Bio-intoxication by ingestion of, and exposure to,
toxigenic blue-green algae is another possibility.
This has been described in the KNP in 2005, 2007,
2008 and 2009, and mortalities were recorded
in zebras (Equus quagga), wildebeest (Conno-
chaetes taurinus), white rhinoceros (Ceratothe-
rium simum) and impala (Aepyceros melampus).
Cyanobacteria may float as surface scum on the
water, or may be attached to sub-surface vegeta-
tion. In photo-images of dead elephants close to
waterholes and pans in Botswana, a distinct green
discoloration of the water is visible. Blue-green
algae produce either hepato-toxins (Microcystis
spp.) as in the KNP or neurotoxins (Anabaena
spp.) which can be rapidly fatal. Post mortem
lesions caused by the hepato-toxins include
severe liver necrosis, and generalized haemor-
rhaging visible subcutaneously and in most
organs, especially the heart (Bengis et al., 2016).
Heart and liver tissue in 10% formaldehyde would
be the specimens of choice for histopathological
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diagnosis (Table 1). With the neurotoxic form there
are generally very few post mortem lesions
(Beasley et al., 1989). Cutaneous exposure to
these neurotoxin-producing cyanobacteria may
also result in severe intoxication as has previously
been recorded in dogs that were swimming in an
affected water body (Edler et al. 1985). Elephants
are also known to enjoy mud bathing and frolicking
in the water. Water samples from these water
holes may be collected and kept chilled for identifi-
cation of the algae and for toxigenic testing.

Another important potential bio-toxicosis with
neurological signs is botulism, especially if con-
tamination of water holes occurred from animal
carcasses. In southern Africa, Clostridium botuli-
num types C and D are common saprophytes in
decaying organic material (including carcasses),
and produce potent neurotoxins during replication
that can cause paralysis and death when ingested
by mammals or birds. In southern Africa, most
cases in mammals occur in areas with phosphate
deficient soils and are related to osteophagia
(pica) in animals that may need additional phos-
phate (often lactating or pregnant females). It
also commonly occurs where water points have
become contaminated by carcasses lying adja-
cent to or in the water itself. Animals that become
intoxicated become progressively paralysed, lead-
ing to eventual death due to respiratory failure.
This does not fit with the sudden death/collapse
reported in elephants in Botswana by some
observers.Collection and testing of water samples
at the appropriate critical time points may assist
with eliminating/confirming these possibilities.

Starvation
Severe resource constraints, during prolonged

droughts can result in death due to starvation
(Wato et al., 2016). Elephant-induced damage
of their own habitat, combined with drought may
have caused the mass die-offs of elephants in
the Tsavo ecosystem between 1975 and 1980
(Corfield, 1973; Ottichilo, 1987). Unlike the 2020
year, which experienced late, heavy rains, 2019
was a dry year in Botswana, yet no mass mortality
event similar to the present one occurred in 2019.
Starvation is therefore unlikely to be the cause of
the current mass mortality of elephants in northern
Botswana.

A perfect storm (and why EMCV should not
be discounted)

The Seronga area is characterized by steadily
increasing numbers of people, livestock and

wildlife, creating a nexus for increased disease
transmission opportunities across these three
interfaces. Whilst the current mass morality of
elephants in this area does not bear the hallmarks
of rodent irruptions and sex-biased elephant
mortalities that typified the mass die-off in the KNP
in the mid-1990s, it is important to note that the
systems are vastly different and that an explo-
sion in rodent numbers may not necessarily be
required. This is because (i) in 1993/4 KNP had
~8000 elephants in an area of ~22 000 km2

whereas the affected area of the Okavango pan-
handle has ~15 000 elephants in an area of
~5500 km2, (ii) KNP is a protected wildlife area
which would require high levels of environmental
contamination to achieve spillover from rodents to
elephants, whereas in the Seronga area there are
numerous crops that not only attract elephants,
but also rodents. As such, crops effectively con-
centrate the two major role-players and may facili-
tate inter-species transmission through environ-
mental contamination, without the requirement
of significant increases in rodent density. Thus,
although an overt increase in rodent numbers has
not been noted in northern Botswana, it is likely
that rodent numbers are higher in Seronga this
year as the late rains of 2020 have resulted in
bumper crops, and follow successive dry years.
The timing of the mortalities is also of relevance as
extensive studies in the Seronga area have identi-
fied the months of February to May as peak crop-
raiding months (Songhurst, 2017). Crop raiding is
not only carried out by males, but by family units
predominantly comprising females and young
elephants, which would explain the lack of sex
and age bias. Based on this, EMC virus should be
given due consideration as a possible cause of
the current mass die-off, even in the absence of
obvious signs of increased rodent numbers.

If we consider that Botswana’s elephant popula-
tion of ~130 000 has been stable for the last 25
years, and that yearly mortalities of between 3000
and 4000 individuals should be associated with
this stable population size (van Aarde et al. 2008),
then it could be argued that the loss of ~400
elephants is unlikely to negatively impact the
broader elephant population; elephants regularly
die of natural causes, including diseases. The
concern is that the current wave of elephant
mortalities will continue, and spread to other areas
or that a similar mass mortality event will affect
other small and isolated elephant populations,
which will not be able to withstand the loss of so
many individuals. Thorough and speedy epidemi-
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ological studies exploring disease transmission
dynamics, supported by detailed laboratory inves-
tigation are an important basis for limiting mortali-
ties and for devising strategies to prevent future
mass mortality events. Since wildlife-livestock-
human  interface  could  serve  as  a  hotspot  for
emergence of new pathogens, observations made
by local tribal communities could educate, inform,
and pre-warn us of an imminent disease outbreak
in wildlife, including elephants (Hassell et al.,
2017). In keeping with this, government and non-
governmental organizations should assist, where
possible, in mortality investigation by working with
local communities to locate fresh carcasses for
sampling and to assist with sampling of possible
reservoirs on infection, such as rodents and
mosquitoes. Only once the aetiological causality
for the mass die-off of Botswana’s elephants has
been established, will it become clear as to
whether we are dealing with a self-limiting, non-
contagious/contagious agent, or a propagating
epidemic. This will determine whether mitigation
strategies are called for or not.
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