
The adaptation of bats (order Chiroptera) to use and 
occupy human dwellings across the planet has created 
intensive bat-human interfaces. Because bats provide 
important ecosystem services and also host and shed 
zoonotic viruses, these interfaces represent a double 
challenge: i) the conservation of bats and their services 
and ii) the prevention of viral spillover. 

Many species of bats have evolved a seasonal life 
history that has resulted in the development of specific 
reproductive and foraging activities during distinctive 
periods of the year. For example, many species mate, 
give birth, and nurse during particular and predictable 
times of the year. Moreover, bat migration can produce 
predictable variations in colony sizes during a typical 
year, from a complete absence of bats to the aggregation 
of millions of individuals depending on the season. The 
seasonal changes in the reproductive activities and 
colony occupancy are expected to produce temporal 
modifications in the contact rate between bats and likely 
alter their susceptibility to infection, causing differing 
levels of transmission, and therefore, infection. If this 
hypothesis is correct then: i) the proportion of bats 
shedding viruses and the risk of viral spillover will follow 
temporal variations that can be predictable and ii) high-
risk spillover periods could be established in colonies 
that have not been studied independently of the ideal 
but expensive and logistically difficult sampling of bats. 
However, before the PREDICT Project, the dynamics 
of viral shedding in bats over time has been assessed 
in only a restricted number of species and mostly in 
single colonies. Thus, the elucidation of seasonal high-
risk periods can lead to the use of non-lethal methods 
to prevent spillover supporting bat populations, such as 
the banning of hunting and bat consumption temporally 
or restricting access to colony grounds during high-risk 
periods. Beyond the ethical debate on lethal management, 
its application has caused counterproductive results in 
the past1.

For these reasons, we assessed the seasonality of 
coronavirus (CoV) shedding by the straw-colored 
fruit bat (Eidolon helvum) by passively collecting 97 
fecal samples on a monthly basis during a entire year 
in two urban colonies: Accra, Ghana (West Africa) 
and Morogoro, Tanzania (East Africa; Fig 1). Sampling 
collection was conducted under the same trees during 
the study period. This species of fruit bat shows a single 
birth pulse during the year, its colonies show spectacular 
periodical changes in size, and similarly to other tree-
roosting megabats, several roosts are located in busy 
urban centers across sub-Saharan Africa. Moreover, 
we concomitantly collected data on the roost sizes 
and precipitation levels over time, and we established 
the reproductive periods through the year (birth 
pulse, weaning of pups, and the rest of the year). The 
reproductive periods were based on previous literature 
on Eidolon helvum and PREDICT data from other 
locations in Tanzania.
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Figure 1: Location of the assessed E. helvum roost in Accra, Ghana, and in Morogoro, Tanzania. The frames at the left show some of the trees 
occupied at former and later colonies, respectively.

Data from over two thousand samples revealed three patterns consistent in both colonies: i) CoV shedding varied 
over time; ii) CoV shedding peaked during the period pups are being weaned; and iii) CoV shedding peaked during 
the wet season (Fig. 2).
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Figure 2: Monthly Eidolon helvum roost size (green dots and line), precipitation (mm/day; grey dots and lines), and the proportion of E. helvum feces 
that were found positive for coronaviruses (red dots and lines) in Morogoro, Tanzania, between August 2017 and July 2018; and in Accra, Ghana, 

between March 2017 and February 2018. The pale orange and purple areas show the inferred birth pulse and the weaning of pups in 
both colonies, respectively.
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Data strongly supports the association between CoV 
shedding in urban E. helvum roosts and the reproductive 
cycle of these bats, with a ~4 times higher proportion of 
feces positive to these viruses during the period when 
the pups are being weaned compared to detections 
in other seasons of the year. The detection of juvenile 
straw-colored fruit bats during the wet season can 
be useful to establish the periods of high shedding in 
unstudied urban colonies of straw-colored fruit bats 

across its sub-Saharan range. Because the identification 
of juveniles may not be easy in this species4, the wet 
season could be used as a proxy for identifying periods of 
high CoV shedding.  The establishment of these seasons 
can guide spillover mitigation efforts efficiently, through 
mechanisms promoting the conservation of these bats. 
These mechanisms may include the seasonal banning 
of hunting or consumption of bats or the exclusion of 
people from the roosting grounds.

Conclusion

Specifically, the proportion of positive feces to CoV 
increased to at least 15% during the “weaning of pups” 
from about 5% observed in the “rest of the year” and 
“birth pulse” periods. The peak detection values were 
observed a month prior to the end of the “weaning of 
pups”. From this point in time, the proportion of feces 
positive to CoV decreases, and following the results 
in Accra, it stabilizes in values similar to the observed 
before  the start of the weaning period. 

Thanks to the longitudinal sampling collection in two 
roosts, we could observe that the increase in CoV 
detection occurs independently of the changes in the 

roost size (Accra). This conclusion would not have 
been possible if only a single colony had been studied. 
In Morogoro, the weaning period matched the peak in 
colony size; therefore, if the study had only included 
this roost, higher CoV detections would have seemed 
positively associated with colony size. Finally, the birth 
pulse–weaning of pups periods matched the wet season 
in both cases. The co-occurrence of these periods is 
expected because E. helvum seems to have adapted to 
wean at the end of the wet season when more fruit 
is available for juveniles becoming independent of the 
dams2,3.


