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Abstract

Purpose of Review Ebolavirus and Marburgvirus are Filoviruses that cause an extremely virulent hemorrhagic fever syn-
drome. Most Ebolavirus (EVD) and Marburgvirus (MVD) disease outbreaks occurred in Africa, usually in remote, rural
settings. The aim of this review is to compare collated data on EVD/MVD cases treated in resource-rich countries with data
from local outbreak conditions.

Recent Findings A longitudinal view of EVD outbreaks suggest increased recognition of outbreaks the last 30 years , but a
declining case fatality rate. This probably reflects improved diagnostics and better recognition of less severe cases. Compared
to the data from Africa, cases treated in resource-rich countries fared much better, with a cumulative case fatality rate that
was about half that reported from Africa for EVD and about a third that reported for MVD. High rates of secondary cases
were reported from Africa among household contacts, often associated with unhygienic funerary practices. In addition,
nosocomial transmission had resulted in alarming rates of secondary cases among healthcare workers. Collated information
from resource-rich countries suggests that with even in the absence of specific EVD targeted measures, with standard hygiene
practices and infection control measures, the secondary case rate was <1% in healthcare workers, with no secondary cases
reported from household or community contacts.

Summary EVD/ MVD are severe, life-threatening infections, but very high case fatality rates and secondary case reported
from Africa may reflect poverty and lack of adequate medical infrastructure. The risk posed to healthcare workers is signifi-
cantly mitigated by the universal availability of standard hygiene and infection control measures. No secondary cases were
reported among community contacts in high-income countries. Therefore, rigorous infection-control measures may cause
delays in the diagnosis and treatment of other important life-threatening infections.

Keywords Ebolavirus - Marburgvirus - Africa - Health personnel - Travelers

The Filovirideae are a family of RNA viruses whose main  including primates (events known as spillovers). Of the six
natural reservoir is bats, but which can infect other mammals  genera constituting this family, Ebolavirus and the closely
related Marburgvirus, which are endemic to Africa, can
infect humans, resulting in a severe and frequently fatal
viral hemorrhagic syndrome [1]. The genus Ebolavirus
includes five species, of which the leading human pathogens
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2023, another outbreak of Marburgvirus was reported from
Tanzania, with nine confirmed cases, eight of whom died
[3]. These outbreaks come shortly after the termination
of the latest Ebolavirus disease (EVD) outbreak, which
was reported from Uganda in September 2022, with 164
cases and 55 fatalities [4]. It is likely that a rapid, com-
munity-engaged Ugandan response [5] contributed to the
relatively swift resolution of this outbreak. Also, the quick
engagement of multiple international partners in the form
personal protective equipment (PPE), epidemiological sup-
port personnel, diagnostic capacity, et cetera [6¢] (in addi-
tion to potential vaccines for clinical trials for healthcare
workers and exposed persons [7]) assisted in the curtailment
of this outbreak.

In all these parameters, the 2022 Uganda EVD outbreak
differed from the massive West African EVD outbreak of
the previous decade. The West African outbreak was also
the first to have resulted in relatively high-number imported
cases to several resource-rich countries, including the USA,
Spain, and the UK. Furthermore, several secondary cases
among healthcare workers were reported there. Compared
with autochthonous cases, the total number of EVD cases
reported in resource-rich countries was very small; simi-
larly, only a small number of cases of Marburgvirus dis-
ease (MVD) have been recorded in resource-rich countries,
largely in association with laboratory exposures. However,
studying these cases can highlight the role played by poverty
and lack of medical resources in the outcome and epide-
miology of Filoviral infections. The aim of this review is
to compare outcome and epidemiological data, mainly the
rate of secondary infection of local vs. imported EVD and
MVD cases, in particular in the context of West African
EVD outbreak, which was by far the largest Filoviral epi-
demic to date. This information may assist decision-makers
in future outbreaks. The data presented was gathered through
a MEDLINE search which included the terms Ebolavirus
and Marburgvirus, as well as other data sources including
international and national sources, including the WHO and
the US CDC.

The 2013-2016 West-African EVD Outbreak

In December 2013, in N’Zérékoré Prefecture, Guinea, a
child died from “severe diarrhea.” However, it was not
until nearly four months had elapsed that a laboratory
confirmation of EVD Zaire strain was made, allowing
cases to multiply unchecked in the interval. The out-
break began in a rural, forested area of Guinea, which
was typical of previous EVD outbreaks. What singled out
this outbreak was its spread to urban centers, including
Guinea’s capital Conakry. Here, rapid person-to-person
transmission resulted in a massive expansion of case
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numbers that went from dozens in March 2014 to more
than 25,000 within a year. This was coupled with high
mobility of cases and resulted the swift spread of EVD to
many regions of Guinea as well as to neighboring Sierra
Leone and Liberia, with multiple reintroductions between
these countries, as well as smaller outbreaks in neighbor-
ing Nigeria and Mali [8].

It was only in August 2014 that that a Public Health
Emergency of International Concern (PHEIC) was
announced by the WHO [9]: a first occurrence for an EVD
outbreak. Eventually some 176 international, governmen-
tal and non-governmental organizations participated in
the response to the epidemic [10], with billions of dollars
spent, and thousands of personnel (some 4000 workers
from the US CDC alone [11]) involved.

By 2016, when the outbreak was considered over, 28,652
cases were documented, and 11,325 deaths: a number that
was an order of magnitude higher than all previous EVD
outbreaks combined. The death toll was especially shock-
ing among healthcare workers, with 1455 cases reported
(5% of total reported cases), of whom 58% died [12].

The reverberations caused by this enormous public health
disaster are not entirely over. Ebolavirus can persist in the
body for long periods of time. In a follow-up study of 267
male EVD survivors in Liberia, intermittent viral shedding
in semen was recorded in 30% of cases, with the longest
documented period from acute illness being 40 months [13].
Although recommendations for semen testing in EVD sur-
vivors and for safe sex practices until after repeated nega-
tive testing have been published by the WHO, surveys of
EVD survivors in Liberia suggest that this is infrequently
adhered to, even among persons with Ebolavirus positive
semen [14]; the potential for late sexual transmission with a
renewed outbreak is real. In addition, the virus is occasion-
ally not eliminated completely from the body with clinical
recovery but can recrudesce long afterwards, and may again
create a new chain of transmission [15ee]. In 2021, these
concerns appeared to be justified, when renewed Ebolavirus
transmission was recorded in Nzérékoré, Guinea. Sequenc-
ing of Ebolavirus strains had shown that the virus did nor
result from a new spillover event from bats, but was closely
related to the original 2014 strain, whose circulation was
presumed over 5 years earlier. This suggested that either
sexual transmission or disease recrudescence was the prob-
able mechanism [16].

It was inevitable perhaps that EVD cases would eventually
be diagnosed and treated in countries outside Africa. Some
10 cases were treated in the USA (including both evacuated
healthcare workers and persons who became ill in the USA)
[17e¢]. The total number of EVD cases treated outside Africa
is uncertain, but 24 cases were reported by the New York
Times be early 2015 [18].
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Fig. 1 Ebola viral disease outbreaks: reported numbers and case fatality rates: superscript letter (a): numbers were compiled from EVD reports

summarized by the CDC [19]

Case Fatality Rate (CFR): A Comparison of Data
on EVD in Resource-Poor and Resource-Rich
Countries

From the very first Yambuku outbreak in 1976, extreme case
fatality rates were reported for EVD. This has contributed
greatly to the fear, panic responses, and stigmatization gener-
ated by this infection. EVD is certainly a severe and potentially
life-threatening infection; however, the true CFR is uncertain.
If one collates all the data on EVD outbreaks recorded by
the CDC [19], there appears to be a declining trend in CFR
(Fig. 1). This trend does not, in all likelihood, reflect a decline
in Ebolavirus virulence with time, but rather improved diag-
nostics, and better recognition of cases that do not present with
a full blown viral hemorrhagic fever syndrome. This conclu-
sion is corroborated by serosurveys in Guinea that suggested
that the actual number of infected individuals may have been
twice that initially recognized [20].

Compared to the locally reported rate, the CFR among all
EVD cases treated outside Africa (which includes two Rus-
sian fatalities resulting from laboratory exposure), appears
to be much lower (Fig. 2), especially when one considers
that most of these cases were infected by the more virulent
Zaire Ebolavirus strain. If one considers only the 24 cases
reported in resource-rich countries during the 2014-2016
West African epidemic [18], the CFR is 21%, approximately
half that recorded in Africa. It can only be assumed that

the difference reflects early recognition and the availability
of adequate intensive care facilities on the one hand, and
late presentation combined with a tragic insufficiency of
advanced care on the other hand.

Marburgvirus Case Fatality Rate (CFR):
A Comparison of Cases Treated in Resource-Poor
and Resource-Rich Countries

Compared with EVD, the total number of MVD outbreaks
and cases is small, and there has been no equivalent to the
West African EVD epidemic to date. The CDC compila-
tion includes only 15 MVD outbreaks with a total of 474
cases, 85% of which were recorded in two severe African
outbreaks [21]. The overall reported mortality was 80%,
however so, the difference in CFRs between resource-rich
and resource-poor countries is even more striking that in
EVD (Fig. 2). In the eponymous event in Marburg, Ger-
many, and Belgrade, Yugoslavia, (Today Serbia), the CFR
was 23%. Six of the 31cases (19%) were secondary and
occurred in family caregivers (probably infected by contact
with soiled linen) and healthcare personnel, including four
cases acquired by contact with contaminated sharps [22].
Another case cluster diagnosed and treated in Johannesburg
included one index case who died, and two secondary cases
in spouse and healthcare worker infected during resuscita-
tion, both of whom recovered. Since nearly all cases seen in
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resource-rich countries originated from laboratory accidents,
early recognition and thorough epidemiological surveillance
may cause bias by increased inclusion of milder cases.

Ebolavirus Modes of Transmission and the Risk
of Secondary Cases Among Community Contacts
in Africa

Ebolavirus is transmitted mostly by contact with infected
body fluids. Practically, all body fluids can contain virions
including tears, sweat, genital secretions, semen, and breast
milk, but with the highest burden in blood and feces. The
viral burden changes according to disease severity, with high
viremia recorded in critically ill and fatal cases [23]. Viable,
infective virus is still present after the patient had died, and
one of the important amplifiers of the West African epidemic
was the customary preparation of the deceased for burial by
multiple family members. In one study, unsafe funerals were
associated with a doubling of the secondary case rate [24].
Evidence for the essential role direct contact plays in
EVD transmission comes from studies of family caregivers.
The secondary attack rate among direct caregivers within
households is many times higher than that of household
members not involved in direct patient care. For example,
in one outbreak, the secondary attack rate among caregivers
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was 47%, whereas the rate among non-caregivers was 2.1%.
Similarly, a meta-analysis of the secondary attack rates
found that the rate among direct caregivers was 17-fold that
of household members not directly involved in patient care
[25]. The mere fact of being aware of the EVD diagnosis was
associated with a significant decrease in the forward trans-
mission rate among family members, presumably through
improved vigilance and exposure reduction [24]. In other
evidence, the attack rate among children, who are probably
less likely to be involved in patient care was much lower than
that of adults [25].

The Risk of Secondary Cases Among Community
Contacts in Resource-Rich Countries

As was discussed above, close contact with patients, espe-
cially with body fluids from severely ill patients, as well as
caring for the deceased are strongly associated with EVD
transmission in Africa. On the other hand, secondary attack
rates are not negligible even for those with minimal contact
with EVD cases [26]. However, these data were gathered
during outbreak conditions in Africa, where extreme poverty
was highly prevalent, with limited access to soap and water,
high levels of crowding, etc. [27]. Here again, data on com-
munity contacts from resource-rich countries is illuminating.
Data from several reports is summarized in Table 2. It shows
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an absence of even one secondary case of EVD among more
than 600 contacts, which included shared commercial air
travel, casual, and household contacts.

Nosocomial EVD Transmission and the Risk
of Secondary Cases Among Healthcare Workers

Nosocomial transmission of EVD had been a concern ever
since the 1976 outbreaks in both the Democratic Republic of
the Congo and Sudan [28, 29]. In both instances, local hos-
pitals became amplifying nodes of EVD, often in association
with the use of unsterilized multiple use needles. In Yambuku
for example, the administration of anti-malarial injections at
the local outpatient clinic resulted in numerous cases includ-
ing pregnant women. Concomitantly, multiple cases were
recorded in hospital staff. Eventually, after the death of eleven
nurses (65% of the staff), the Yambuku Mission Hospital shut
down. It is sad to note that the closure of the hospital probably
contributed to the termination of the outbreak.

In a more recent, well-documented outbreak from the
North Kivu region of the Democratic Republic of the
Congo, an EVD survivor recrudesced nearly 5 months after
recovery. Repeated contacts in several healthcare centers
resulted in chains of transmission leading to 91 secondary
cases [159e].

Other potential modes of Ebolavirus transmission include
droplet and airborne infection, but the extent (if at all) of
their role in EVD transmission is unclear. To date, although
laboratory data suggest that it is possible to mechanically
aerosolize Ebolavirus, and data in laboratory animals sug-
gest that airborne transmission is possible, no such human
data exists [30]. On the other hand, some data suggest that
large infective droplets can be created during EVD, which
may transmit the infection if they come into contact with
mucosal surfaces. This may occur for example during vomit-
ing. A role for droplet inoculation was suggested during the
1995 Kikwit, Democratic Republic of the Congo outbreak:

Table 1 Ebolavirus transmission to healthcare workers in cases
treated in resource-rich countries

Country Ref. Number of healthcare Secondary
workers followed EVD cases
N (%)
South Africa [37] 300 1(0.3%)
USA: patient 1 [39] 122 2(1.6%)
USA: patients 2 & 3 [34ee] 37 0 (0.0%)
France [35] 70 0(0.0%)
Spain: patients 1 & 2 [38] 117 1(0.8%)
Spain: patients 3 [36] 215 0 (0.0%)
UK [32] 4 0 (0.0%)
Italy [33] 16 0 (0.0%)
Total 881 4 (0.45%)

EVD Ebolavirus disease

Table2 Ebolavirus transmission to community contacts in cases treated
in resource-rich countries

Country Ref. Number of community  Secondary

contacts followed EVD cases

N (%)

USA: patient 1 [39] 17 0(0.0%)
USA: patient 3 [39] 356 0 (0%)
Spain: patients 3 [38] 17 0(0.0%)
UK [32] 234 0(0.0%)
Italy [33] 3 0(0.0%)
Total 627 0 (0.0%)
EVD Ebolavirus disease

here, an outbreak of nosocomial transmission occurred when
an undiagnosed EVD patient underwent repeated laparot-
omy. Fourteen secondary cases including some fatalities
were documented in the surgical team. The limited role
droplets probably play in EVD transmission is attested by
the fact that the implementation of simple barrier precau-
tions in this hospital resulted in the termination of nosoco-
mial transmission [31].

The major role played by direct contact in the transmis-
sion of EVD has obvious implications for caregivers. It is
safe to conclude that during EVD epidemics, which to date
had occurred in some of the world’s poorest nations, health-
care workers are faced with a real risk of acquiring EVD,
while treating severely ill patients without basic infection
control measures. How much of the horrendous toll EVD
took among HCW was the result of absent resources? If this
is the leading reason, then when such measures are applied,
the secondary attack rates among healthcare workers as well
as the nosocomial spread of EVD should be greatly reduced.

Here we can also learn from cases treated in resource-rich
countries on the actual likelihood of secondary EVD among
caregivers. In most cases, the patients were evacuated for
treatment outside Africa with an already established diag-
nosis, and comprehensive infection control measures were
in place. However, in a few cases, EVD cases were treated
under standard precautions, prior to EVD diagnosis. These
reports are summarized in Tables 1 and 2 [32, 33, 34ee,
35-39].

One well-researched episode involved a case of EVD
treated in Johannesburg, South Africa in 1996. A Gabo-
nese visiting doctor became ill after arrival in the country;
he was not diagnosed initially and was treated accordingly
under standard precautions. After his recover, the diagnosis
of EVD was made in hindsight, after a nurse was diagnosed
with, and died from EVD. Investigations revealed that of at
least 300 exposed caregivers, this nurse was the only second-
ary EVD case, which was probably associated with contact
with contaminated sharps after assisting in the insertion of
a central venous catheter [37].

@ Springer



186

Current Infectious Disease Reports (2023) 25:181-188

Another case-cluster was investigated in Atlanta, Geor-
gia, and involved an imported EVD case and subsequent
2 secondary cases [39]. The index case involved a return-
ing traveler from Liberia, who became ill after arrival in
the USA, but did not initially disclose his travel itinerary.
He was at first treated under standard precautions, with
22 healthcare workers having unprotected high-risk expo-
sure to the patient; later (but prior to diagnosis), he was
treated under combined contact and droplet infection control
measures due to severe diarrhea. The two secondary cases
developed in nurses who cared for the index patient while
wearing adequate personal protective equipment. Epidemio-
logical investigation established a total of 149 contacts, of
whom 122 were health care workers. No secondary cases
were reported among household contacts of all three cases.

A third investigated transmission event involved an evacu-
ated EVD case that was treated in Madrid, Spain. In August
2014, two healthcare workers diagnosed with EVD were
repatriated to Spain. A total of 117 personnel were involved
in the care of these patients. One nurse assistant developed
EVD despite self-reported full adherence to the recommended
strict contact and droplet PPE use [36]. A total of 232 contacts
at her home and at healthcare facilities including 15 high-risk
contacts were followed, but none developed EVD [38].

Potential Implications of Infection Control Measures
on the Care of Other “Tropical” Infections

All the above data suggest that in resource-rich countries
much of the explosive nature of African EVD outbreaks
fails to materialize. It is likely that in affluent countries with
universal access to soap and safe running water and totally
different mortuary practices, the actual risk of secondary
EVD cases even among household contacts (let alone more
casual contacts such as during air travel) is much lower.
It is also probable that the likelihood of secondary EVD
among healthcare workers, even while following standard
infection control practices and in the absence of specific
“counter-Ebola” measures, is low. The data also suggest that
our understanding of EVD epidemiology is not complete,
and that some scenarios, such as dying, critically ill EVD
patients, or major surgery during critical-illness EVD, may
represent “super-spreading” events, where transmission to
healthcare workers can occur despite full compliance with
infection control measures.

Employing extreme precautions while evaluating “patients
under investigation” (PUTI’s), i.e., when there is only the epi-
demiological possibility of EVD, can have a downside. When
PUISs are shunted to strict isolation, the possibility of other infec-
tions may be overlooked. Consider a PUI, a business traveler
with fever who returned from Dar-Es-Salaam, Tanzania, some
1400 km from a documented MVD outbreak, and had no contact
with sick people. His likelihood of having falciparum malaria,
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where timely diagnosis and treatment are essential, is much
higher than MVD. Unfortunately, neglecting to consider, and
therefore delays in diagnosis and treatment of malaria, has been
recorded in the past, both in the local population and in returning
travelers. During the West-Africa EVD, excess mortality due to
malaria mismanagement was documented in Guinea [40, 41],
with similar cases documented among returning travelers as well
[42]. Similar unfortunate delays have occurred during the height
of the COVID-19 outbreak in 2020 [43]. The need to consider
non-Filoviral diseases should be stressed to all teams evaluating
PUI’s returning from EVD/MVD outbreak destinations.

Conclusions

EVD and MVD outbreaks can develop rapidly into epidemic
events of international concern. Such events will continue to
occur since the interface of humans and wildlife is increasing.
Rapid engagement of the international community is essential
to help prevent a severe epidemic such as the West-Africa
EVD outbreak.

Data on cases of EVD/MVD cases diagnosed/treated
in resource-rich countries suggest that the very high CFR
reported from Africa is at least in part a reflection of limited
medical infra-structure and delayed care. These data also
suggest that in environments where hygiene maintenance is
easy, community transmission of EVD/MVD is infrequent,
and that even with routine infection control practices, sec-
ondary cases among healthcare workers are far less common
than was reported during African outbreaks.

Febrile Travelers/passengers who return from a country
with a documented outbreak, but with no contact with sick
people should always be assessed for treatable causes such
as malaria as soon as possible.
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