
about and mix, the relative isolation of islands 
limits the possibilities for frequent population 
interactions. 

To what extent does this genetic model 
agree with the latest inferences from archae-
ology or historical linguistics (Fig. 1)? Archae-
ological dating of Polynesian settlement has 
advanced greatly through the application 
of radio carbon dating of short-lived plant 
materials using accelerated mass spectro-
metry, and high-precision dating of coral arte-
facts using uranium–thorium analysis4,5. The 
most recently proposed archaeological chro-
nology for the settlement of the Eastern Poly-
nesian region suggests that sites in the Cook 
Islands, Society Islands, Marquesas Islands 
and Mangareva were all settled between 
ad 900 and ad 1100. The discovery and set-
tlement of all of Eastern Polynesia, including 
Hawaii and New Zealand, is suggested6 to have 
occurred no later than ad 1250. This archae-
ologically attested time frame accords well 
with the chron ology proposed by Ioannidis 
and colleagues, although there are some 
inconsistencies. 

One disparity concerns the dating of the 
settle ment of the Northern Marquesas Islands, 
which Ioannidis et al. put at ad 1330, nearly 
two centuries after their date of ad 1140 for 
the settlement of the Southern Marquesas 
Islands. Radiocarbon dating of the Hane 
archaeological site on the island of Ua Huka 
in the Northern Marquesas, however, estab-
lishes7 that Polynesians settled there by 
about ad  900–1000. Moreover, it seems 
improbable that only the southern islands of 
the relatively small Marquesas archipelago 
would have been occupied for two centuries 
after the first arrival of people. Ioannidis 
et al. point out that their divergence times 
should be taken as the latest possible dates 
for settle ment. Thus, using both the archae-
ological and genetic-divergence estimates to 
constrain each other, the timing of Polynesian 
settlement can be confidently bracketed to a 
remarkably precise historical span.

Ioannidis and colleagues’ genetic model 
implies that the settlement of central Eastern 
Polynesia proceeded in a series of discrete 
island-to-island founder events, without sub-
stantial contact and gene flow between island 
populations after initial settlement. However, 
such a model is not entirely consistent with 
linguistic or archaeological findings. 

The methods of historical linguistics 
provide models for the sequence in which 
languages have branched or diverged over 
time from an ancestral speech community. 
The Eastern Polynesian languages form a 
subset of a larger Nuclear Polynesian group 
of languages that also includes Samoan and 
the languages of the Polynesian outliers (that 
is, islands to the west of the ‘Polynesian Trian-
gle’ that encompasses most of the Polynesian 
islands, with New Zealand, Hawaii and Rapa 

Nui at its corners). A revised subgrouping of 
the Eastern Polynesian languages8 suggests 
that these closely related dialects diverged 
from each other in the context of considera-
ble and continuing inter-island contact during 
the early period of eastward migration into the 
Eastern Polynesian archipelagos. 

Similarly, archaeological evidence of 
the long-distance exchange of stone tools 
between early Eastern Polynesian communi-
ties re  inforces the idea of substantial inter-
actions between these populations9. Adzes 
(axe-like tools) made from stone quarried 
in the Marquesas and Austral islands were 
widely transported and exchanged between 
early communities across the rest of Eastern 
Poly nesia. Reconciling the genetic model 
of discrete, sequential founder events with 
these linguistic and archaeological models of 
inter-island interaction across relatively exten-
sive areas is thus an issue calling for further 
interdisciplinary collaboration. 

The anthropomorphic stone statues and 
other exemplars of stone working and stone 
carving of the Marquesas, Raivavae and 
Rapa Nui are thought to have arisen later than 
the initial settlement migrations, and to reflect 
later inter-island contacts and influences6. A 
provocative hypothesis of Ioannidis and col-
leagues’ study, however, is that these statues 
might instead be a consequence of a shared 
ancestry that originated in a southeastern part 
of the Tuamotu Islands, or possibly Mangareva, 
which is southeast of the Tuamotu Islands. 

Although they are rare, similar stone statues 
and cut-and-dressed stone working (in which 
stones are cut to a required shape and size) 
are also present in Hawaii10. Genomic data 
from Hawaiian individuals were not included 
in Ioannidis and colleagues’ study. When such 
data are included, it will be informative to see 
whether the settlement of Hawaii derives from 
this same branch of the Eastern Polynesian 
genetic tree. 
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Infection by Ebola virus can be fatal, so under-
standing what drives human outbreaks might 
offer better ways to control it. On page 539, 
Keita et al.1 provide evidence that the 2021 out-
break of Ebola virus in Guinea, West Africa, was 
triggered by reactivation of an infection that 
had been dormant in a person without evok-
ing symptoms. Although reawaken ing of such 
clinically latent Ebola virus infections has been 
observed previously, the length of the latency 
period — nearly five years from the end of the 
2013–16 West African Ebola outbreak  — is sur-
prising. The unexpected observation that the 

virus can persist in the human body for such 
a long time has considerable implications for 
public health and care of survivors of Ebola.

Keita et al.1 analysed Ebola virus genomes 
from the 2021 outbreak in Guinea. They found 
that fewer mutations had accumulated in the 
viral genome than would be expected if it had 
continued to replicate and be transmitted 
from host to host since the earlier West African 
outbreak. This suggests that the virus had 
come from a survivor of that outbreak, rather 
than from its transmission to humans from 
animals (Fig. 1). Further evidence came from 

Virology

Ebola virus can lie low 
in human survivors
Robert F. Garry

A genomic comparison of Ebola virus from the 2021 outbreak 
in Guinea with sequences from the West African outbreak 
that ended in 2016 suggests that the virus can remain latent in 
human survivors for an extended period of time. See p.539
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the observation that the viral genomes carried 
signature mutations that had been found only 
after the virus had jumped to humans in 2013. 
This includes the modification of the glyco-
protein that is expressed on the viral surface 
and enables entry into cells. The change of 
the amino acid alanine at position 82 to valine 
(a change dubbed A82V) seemed to accelerate 
human-to-human transmission in the previous 
West African outbreak2.

The recent outbreak in Guinea, with 23 cases 
(12 deaths) from 14 February to 19 June, was not 
the first Ebola outbreak this year. Twelve cases 
(6 deaths) were reported between 7 February 
and 3 May in the Democratic Republic of the 
Congo (DRC). Genomic data and epidemiol-
ogical evidence (see go.nature.com/3yapb8q) 
suggest that the outbreak in the DRC was also 
initiated by reactivation of a previous Ebola 
infection — in this instance, from the 2018–
20 outbreak in the DRC3. As in Guinea’s out-
break earlier this year, the accumulation of 
mutations in the viral genome had not com-
pletely stopped during this relatively short 
interval between outbreaks, but it had slowed 
considerably.

It is not a coincidence that two outbreaks 
caused by Ebola virus reactivation occurred 
in Guinea and the DRC. These countries 
have the largest pools of survivors of Ebola. 
At least 28,000 people were infected in 
the 2013–16 West African outbreak (see 
go.nature.com/2xvpuwc). Ebola spread 
from Guinea to Liberia and Sierra Leone, and 
from these countries to the United Kingdom, 
the United States, Spain, Italy, Senegal, Mali 
and Nigeria. More than 11,000 people died, 
but more than 17,000 people survived. The 
2018–20 Ebola outbreak in the DRC resulted 
in 3,470 recorded cases and 2,380 recorded 
deaths. The high case-fatality rate (66%) can 
be attributed in part to the fact that the out-
break occurred in an active conflict zone, 
making patient access and health-care pro-
vision challenging. Nevertheless, more than 
1,000 people survived this outbreak.

Humans can now be added to the list of 
intermediate hosts that can serve as long-term 
Ebola virus ‘reservoirs’ and trigger new out-
breaks. It is unusual to definitively determine 
which species act as reservoirs for viruses that 
infect humans. This is exemplified not only 
by Ebola virus, but also by hepatitis C virus 
and poliovirus, as well as by six of the seven 
coronaviruses that are known so far to have 
spilt over from animals to humans (the excep-
tion being the coronavirus that causes Middle 
East respiratory syndrome (MERS), for which 
dromedary camels are the intermediate host)4.

Although Ebola virus sequences and anti-
bodies have been found in several species of 
fruit bat5, evidence is lacking that these ani-
mals are the reservoir and not simply hosts 
of infection from other species. Bats, which 
have crucial roles in the ecosystem, can be 

sampled safely using mist nets and correct 
personal protective equipment. However, the 
diversity of viruses in bats remains perilously 
undersampled. Filling this gap should be a 
priority to protect human health.

Ultimately, it might be found that the virus 
does not have a single reservoir. It can infect 
any of a large number of species, with few — if 
any — genetic changes required. Viruses that 
can readily infect cells in different tissues and 
hosts, such as Ebola, rabies viruses and several 
coronaviruses (including SARS-CoV-2), pos-
sess highly efficient molecular mechanisms 
that allow them to move between species 
naturally6.

Persistence of the virus has been well 
documented in survivors of Ebola, but 
the events that lead to its reactivation are 
unknown7. Retro viruses such as HIV, and 
DNA viruses such as herpesviruses, have 
well-established mechanisms for entering 
latency8. But it is unclear how Ebola — an RNA 
virus that lacks a reverse transcriptase enzyme 
that would allow its RNA to be encoded into 
DNA in a host cell — might become clinically 
latent. Genomic data presented by Keita and 
colleagues suggest that the pace of virus 
replic ation, each cycle of which should pro-
duce a mutation or two, is reduced during 
latency. Furthermore, there is no evidence that 
the virus can stay truly latent — that is, survive 

without any replication of the genome.
Interactions with the immune system seem 

to play a part in Ebola virus latency and reac-
tivation. The virus can re-emerge from parts 
of the body that often tolerate the presence of 
infectious agents — ‘immune privileged’ areas 
such as the testes, eyes and central nervous 
system. Intriguingly, two people who had a 
relapse of Ebola that involved inflammation 
of the brain or eyes had been given treatments 
during their initial period of infection that 
later proved to have had little or suboptimal 
efficacy9,10. An individual who developed 
the infection in the 2018–20 DRC outbreak, 
despite having been vaccinated six months 
earlier, provides further insight. Vaccine 
failures happen occasionally, but, curiously, 
this person relapsed 149 days later, initiating 
a transmission chain of 91 cases11. Partial, 
non-protective immunity might contribute 
to the propensity of the virus to enter latency 
or to re-emerge.

One key lesson of the latest Ebola outbreaks 
is that vaccinating people who are at the high-
est risk of becoming infected, and vaccinating 
and monitoring the contacts of people with 
Ebola, can blunt the spread of the virus and 
help to control outbreaks. Ebola vaccines 
were immediately deployed in Guinea and the 
DRC at the beginning of their outbreaks this 
year. However, the question arises: are Ebola 
vaccines being used to best effect?

Health-care workers are at higher risk than 
the general population of acquiring infectious 
diseases during outbreaks, particularly dur-
ing the early phases. They should therefore 
have unrestricted access to Ebola vaccines, 
especially in areas with large numbers of 
individuals who have survived the infection. 

Figure 1 | A ‘molecular clock’ can give clues to the source of Ebola virus outbreaks. The Ebola virus 
genome accumulates mutations with a relatively regular frequency as it replicates and passes from host to 
host, representing a molecular clock that tracks the history of the virus. Keita et al.1 analysed the genomes of 
Ebola virus from the 2021 outbreak in Guinea, West Africa, and compared them with those of virus samples 
obtained during the 2013–16 West African outbreak. The virus showed accumulation of a much smaller 
number of mutations between the outbreaks than would be expected if it had continued replicating and 
being transmitted between hosts during this period. This suggests that the 2021 outbreak was triggered by 
reactivation of a latent infection in an individual who had survived the infection in the previous outbreak.
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“Interactions with the 
immune system seem to play 
a part in Ebola virus latency 
and reactivation.”
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They should also be carefully monitored for 
sustained immune responses until it can be 
shown that vaccinations provide long-term 
protection.

Post-Ebola syndrome, which consists  
of a mixture of musculoskeletal and non- 
musculoskeletal symptoms12, is only one of 
the personal and societal challenges faced 
by survivors of Ebola. It will be important not 
to add to survivors’ burdens by letting them 
know that they are potentially a source of 
new outbreaks. As pointed out by Keita and 
colleagues, these individuals must continue 
to be prioritized for long-term medical care.

Ongoing community-based efforts to 
prevent stigmatization of survivors must 
be supported to detect and reduce the risk 
of Ebola re-emergence. Such efforts must 
be paired with rebuilding trust in those who 
might be wary of seeking health care, as 
happens after any disease outbreak. Perhaps 
most important will be future research to 
determine whether vaccinating survivors can 
prevent the re-emergence of the disease and 
onward transmission.

Finally, a commendation should be added 
for all of the authors who contributed to this 
work. The study results from an international 
collaboration between groups of scientists in 
Africa, Europe and North America. Although 
unusual, such cooperation is exactly what is 
needed to respond to the threats of emerging 
viruses.
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On page 503, Kim et al.1 report 3D fliers that 
are inspired by the passive, helicopter-style 
wind-dispersal mechanism of certain seeds. 
The adopted production processes enable the 
rapid parallel fabrication of many fliers and 
permit the integration of simple electronic 
circuits using standard silicon-on-insulator 
techniques. Tuning the design parameters — 
such as the diameter, porosity and wing type 
— generates beneficial interactions between 
the devices and the surrounding air. Such 
interactions lower the terminal velocity of 
the fliers, increase air resistance and improve 
stability by inducing rotational motion. When 
combined with complex integrated circuits, 
these devices could form dynamic sensor net-
works for environmental monitoring, wireless 
communication nodes or various other tech-
nologies based on the network of Internet-con-
nected devices called the Internet of Things.

So far, research into collectives of aerial 
vehicles has been focused on active sys-
tems, including quadcopters2,3 and insect- or 
bird-inspired robotic platforms4. Active sys-
tems have the benefit of being able to move 

independently through their environment. 
However, their practical applications are 
limited because of the size and safety concerns 
of larger platforms (such as quadcopters, 
which have a wingspan of about 50 centi-
metres) and lack of onboard electronics and 
power supplies that enable autonomous loco-
motion in real-world settings in the case of 
smaller platforms (with a wingspan of roughly 
3.5 cm)5. Furthermore, because these research 
platforms5–7 are highly specialized and assem-
bled by hand, they cannot be used for studies 
of collective systems.

Plants use passive mechanisms — such as 
the dispersal of seeds by wind — to help to 
propagate their genetic information (Fig. 1a). 
Wind-dispersed seeds have specific geome-
tries that boost their dynamic stability and 
transport distance by lowering their terminal 
velocity and increasing air resistance during 
free fall. Such geometries fall broadly into 
four categories: parachuters, gliders, helicop-
ters and flutterers (also known as spinners). 
Wind dispersal can transport seeds over hun-
dreds of kilometres. These passive dispersal 

Engineering

Seed-inspired vehicles 
take flight
E. Farrell Helbling

Many plant seeds have shapes that aid their efficient dispersal 
by wind. Inspired by these seeds, a range of fliers have been 
constructed that could have applications from environmental 
monitoring to wireless communication. See p.503
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Figure 1 | An aerial vehicle inspired by wind-dispersed seeds. a, Many plant seeds (including the 
Dipterocarpus alatus seeds shown) have shapes that aid their dispersal by the wind. b, Kim et al.1 produced 
a series of aerial vehicles that are inspired by such seeds. One of these vehicles contains a simple circuit to 
detect airborne particles and can be used as a battery-free wireless device for atmospheric measurements. 
The circuit consists of a controller, sensors and a coil for wireless power transmission, and the vehicle 
rotates as indicated. (Vehicle image adapted from Fig. 4e of ref. 1.)
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