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Transmissibility and Pathogenicity of Ebola Virus: A
Systematic Review and Meta-analysis of Household
Secondary Attack Rate and Asymptomatic Infection
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Factors affecting our ability to control an Ebola outbreak include transmissibility of the virus and the proportion of transmissions
occurring asymptomatically. We performed a meta-analysis of Ebola household secondary attack rate (SAR), disaggregating by type
of exposure (direct contact, no direct contact, nursing care, direct contact but no nursing care). The estimated overall household SAR
is 12.5% (95% confidence interval [CI], 8.6%-16.3%). Transmission was driven by direct contact, with little transmission occurring in
its absence (SAR, 0.8% [95% CI, 0%-2.3%]). The greatest risk factor was the provision of nursing care (SAR, 47.9% [95% CI, 23.3%-
72.6%)]). There was evidence of a decline in household SAR for direct contact between 1976 and 2014 (P =.018). We estimate that
27.1% (95% CI, 14.5%-39.6%) of Ebola infections are asymptomatic. Our findings suggest that surveillance and containment mea-

sures should be effective for controlling Ebola.
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For emerging infectious agents, such as Ebola virus (EV), effec-
tive prophylactic agents, therapeutics, and vaccines have not
been available. The preferred strategy of surveillance and con-
tainment is achieved through isolation of cases, intense contact
tracing, and active monitoring. Such an approach has historical-
ly been effective for ending Ebola outbreaks. In contrast, the
2013-2016 outbreak in West Africa was larger than all prior
outbreaks combined [1].

Fraser et al propose a framework where the key elements that
impact our ability to contain an outbreak are (1) the disease
generation time, which is the mean time between infection of
an individual and infection of secondary cases, (2) the transmis-
sibility of the virus, and (3) the proportion of asymptomatic
transmissions [2]. In addition, (4) availability of prophylactic
agents, therapeutics, and vaccines is key. To understand the
first 2 elements, household studies are especially useful as con-
tacts are clearly defined and remain fairly constant across cul-
tural settings.

Very little is known about the impact of asymptomatic in-
fection on Ebola outbreaks, including the level of pathogenicity
of EV, defined as the proportion of Ebola infections that are
symptomatic [3]. The proportion of transmissions occurring
asymptomatically has an important bearing on our ability to
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contain an outbreak, with containment measures being less ef-
fective if asymptomatic individuals are infectious.

In this article, we summarize the transmissibility and patho-
genicity of EV. We present a meta-analytic summary of trans-
mission within households, disaggregated by type of exposure.
We also present estimates of the asymptomatic proportion of
the virus from serosurveys. Most of the data described are
from earlier outbreaks, as very few data are available on the ep-
idemic in West Africa.

METHODS

Transmissibility is measured by the household secondary attack
rate (SAR). The SAR is the probability that an exposed suscep-
tible person develops disease over the duration of infectiousness
in a case patient. The denominator of the SAR is the number of
exposed contacts, and the numerator is the number of those ex-
posed contacts who develop disease. To estimate the household
SAR, searches were conducted in PubMed using the term Ebola
plus any of the following: household secondary attack rate,
household transmission, contact transmission, contact attack
rate, or family transmission. We extracted all articles with orig-
inal data for estimating the household SAR for Ebola subtypes
Sudan or Zaire in African outbreaks. The publication must
report a numerator and denominator among household
contacts, or at least 2 of numerator, denominator, and SAR.
Where denominators (number of exposures) were not report-
ed but the number of case patients and SAR were available,
the denominator was calculated acknowledging limits of
significant digits (6 case patients and SAR of 0.072 in first gen-
eration and 3 case patients and SAR of 0.04 in second
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Table 1. Description of Studies for Review of Household Transmissibility

Outbreak Study, Year Description of Study Definition of Household Contact

1976, Zaire WHO 1978a Primarily retrospective studies of households in Contact: Face-to-face contact with a probable/proven
Total No. of cases: 318 Breman et al, affected villages. case (sleeping in same room, sharing meals, caring
Ebola subtype: Zaire 1978 [8, 9] Two studies: for patients, preparing a cadaver for burial, touching

(1) Villages near Yambuku (2 independent the body at funeral, etc) in the period between 2
assessments). Assessed attack rates, gender days prior to onset of symptoms and the death or
breakdown, and other basic epidemiological clinical recovery of the patient.
characteristics. Household: All persons using the same kitchen,

(2) Village of Yamolembia, selected for in-depth study claiming the same person as family head, living in
because of its high attack rate (24 cases among 415 contiguous dwellings, and sleeping in the village
residents). Conducted a census of the village. during the time an active case occurred in the family
Interviews to assess risk factors for person-to- unit.
person spread.

1976, Sudan WHO 1978b Retrospective studies of households in affected Household: All persons residing in the same house.
Total No. of cases: 318 Francis et al, villages.
Ebola subtype: Sudan 1978 10, 11] Two studies:

(1) Sample of 17 highly infected households for in-
depth study of risk factors for person-to-person
transmission.

(2) Study of 36 families with 38 primary cases to
estimate secondary attack rate.

1979, Sudan Baron et al, Concurrent and retrospective study of 5 affected Household contact: Lived in same family compound.
Total No. of cases: 34 1983 [12] families with chains of secondary spread.

Ebola subtype: Sudan

1995, Kikwit, DRC? Dowell et al, Cross-sectional design, assessing risk factors in Household contact: All those who shared the same
Total No. of cases: 315 1999 [13] households of primary cases. Interviewed household cooking fire at the onset of illness in the primary

Ebola subtype: Zaire

2000, Uganda
Total No. of cases: 425
Ebola subtype: Sudan

2000, Uganda (Gulu
only)

Total No. of cases: 393
(Gulu only)

Ebola subtype: Sudan

2000, Uganda (Masindi
only)

Total No. of cases: 26
(Masindi only)

Ebola subtype: Sudan

2005, Republic of
Congo (fourth
outbreak Cuvette
Ouest)

Total No. of cases: 12

Ebola subtype: Zaire

2014, Firestone
compound, Liberia

Total No. of cases:
>28639

Ebola subtype: Zaire

Francesconi et al,
2003 [14]

Okware et al,
2002 [15]

Borchert et al,
2011 [16]

Nkoghe et al,
2011 [17]

Reaves et al,
2014 [18]

members. Exposures subdivided by clinical phase.

Retrospective interviews of contacts of cases (or their
proxies) concerning nature of exposure. Exploited
available data from routine contact tracing. Studied
timing of exposure based on case'’s illness stage.

Summary of contact tracing activities in Gulu, Uganda.

Retrospective analysis of surveillance records and
hospital statistics. Results are from 1 highly infected
family (1 initial case, 18 further cases)

Retrospective surveillance, detection, and follow-up of
contacts. Data inferred from line list table in paper.

Prospective monitoring of contacts. Contacts are not
restricted to household contacts and may include
contacts from the community.

household case.

Household contact: Physical contact, slept in same
hut/house during disease period, contact with body
fluids during disease, contact with linens or other
possible fomites during disease or just after death.
Includes family members and neighbors.

Contact: Not defined. Likely not restricted to
household contacts.

Contact: Anyone having had physical contact with a
suspected case or his/her remains, body fluids or
soiled materials, or having lived in the same house
as the case.

Household: extended family living in an area of about 2
hectares.

Contact: Slept in the same household as a case within
the previous month, or who had direct contact with
the case (dead or alive), or who touched his/her
linen or body fluids.

Contact: Person with no symptoms who had physical
contact with any Ebola patient or the body fluids of
an Ebola patient within the past 21 d. Physical
contact could be proven or highly suspected, such
as having the same room or bed, cared for a patient,
touched body fluids, or closely participated in a
burial.

Contacts stratified into high or low risk, where high risk
is defined as direct contact with the blood or body
fluids of an Ebola patient without personal
protective equipment.

Abbreviation: WHO, world health organization.

@ Democratic Republic of the Congo (formerly Zaire).

generation of transmission in Yamolembia [8];24 case patients
and SAR of 0.025 overall [15]). Household SAR estimates
were recorded by type of exposure (eg, direct contact, nursing
care) where such information was available. The last search
was conducted on 13 January 2016. For data beyond house-
hold SAR, we direct readers to a recent summary of Ebola
transmissibility [4].

To estimate the asymptomatic proportion, searches were
conducted in PubMed using the term Ebola plus any of the
following terms: seroprevalence, serosurvey, asymptomatic,
mild, subclinical, or [contact and antibodies]. We extracted all
articles that reported either seroprevalence among asymptomat-
ic contacts or prevalence of symptoms among antibody-positive

survivors. The last search was conducted on 13 January 2016.
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Meta-analyses were performed using a random-effects DerSi-
monian-Laird model to yield a point estimate and 95% confi-
dence interval (CI) for SAR by exposure type [5]. The Cochran
Q-test is reported as a measure of heterogeneity. Limited anal-
yses of trends were conducted by expanding the above model to
include fixed-effect moderators, such as generation of transmis-
sion, outbreak year to identify time trends, and viral subtype.
All tests of significance were at the o.=.05 level. All analyses
were done in R 3.2.0 using the package metafor [6, 7].

RESULTS

We identified 9 distinct studies/reports with usable results for
direct estimation of household SAR, including one from the
2013-2016 West African epidemic (Table 1) [8-18]. Generally,
a household contact implies that the contact lives in the same
household or contiguous housing, such as a family compound,
and shares the same cooking fire or common eating facilities.
One study included nonhousehold members who had contact
with body fluids or linens/soiled materials [18]. Another study
reported SAR among contacts but did not specify the definition
of a contact [15]. Studies are often retrospective and reviewed
contact tracing records. In some studies, case patients and con-
tacts, or proxies, are interviewed to determine the nature of the
contact’s relationship with the case patient.

Household SAR

Figure 1 summarizes the estimated SARs from the 9 reports de-
scribed in Table 1. The estimated mean household SAR is 12.5%
(95% CI, 8.6%-16.3%) with significant heterogeneity (P <.001),
likely due to variability in study definitions of households and
contacts. Excluding the 2 studies that did not restrict to house-
hold contacts [15, 18], the estimated mean household SAR is
15.4% (95% CI, 10.0%-20.9%) with significant heterogeneity
(P <.001). There was no evidence of a significant relationship
between outbreak year and household SAR. There was also no
evidence of a significant difference in SAR between subtypes
Zaire (outbreaks in Democratic Republic of the Congo [former-
ly Zaire], Republic of Congo, and Liberia) and Sudan (outbreaks
in Sudan and Uganda). Other estimates of household SAR de-
scribed in the literature yield similar results.

Direct Physical Contact

General understanding of the Ebola virus suggests that trans-
mission requires close and prolonged contact with an acutely
ill patient [11]. Figure 2 summarizes the results of 5 studies re-
porting household SAR among contacts with direct physical
contact with the case patient—for example, touching the ill
case patient or his/her bodily fluids. The estimated mean house-
hold SAR for individuals with direct contact is 22.9% (95% ClI,
11.6%-34.2%) with significant heterogeneity (P <.001). There is

Article/Outbreak SAR Estimates: Overall
WHO, 1978a 0.056 | m
Zaire, 1976 62/1103
WHO, 1978b 0118 =
Sudan, 1976 53 /451
Baron et al, 1983 0.220 —
Sudan, 1979 29/132 :
Dowell et al, 1999 0162 | et
DRC, 1995 28/173
Borchert et al, 2011 0.260 i
Uganda, 2000 19/73 :
Francesconi et al, 2003 0.270 —
Uganda, 2000 24/ 89 :
Okware et al, 2002 0.025 n
Uganda, 2000 24/ 960 :
Nkoghe et al, 2011 0.078 =i
Republic of Congo, 2005 10/128 :
Reaves et al, 2014 0.090 —
Liberia, 2014 21/233
RE Model Estimate 0125 4
95% Confidence Interval (.086, .163)
i

0.000

Figure 1.
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Forest plot: overall estimate. The denominator is the number of exposed household contacts of infectious Ebola virus disease cases. The numerator is the number of

these contacts who develop disease. Abbreviations: DRC, Democratic Republic of the Congo; RE, random-effects; SAR, secondary attack rate; WHO, world health organization.
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Article/Outbreak SAR

Estimates: Direct contact = YES
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Figure 2.
organization.
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Forest plot: direct contact. Abbreviations: DRC, Democratic Republic of the Congo; RE, random-effects; SAR, secondary attack rate; WHO, world health

a significant inverse relationship between outbreak year and
household SAR, with household SAR for direct physical con-
tacts declining between 1976 and 2014 (P =.018), with nonsig-
nificant residual heterogeneity. There was no evidence of a
significant difference in SAR for direct physical contacts be-
tween viral subtypes.

In the absence of direct contact, very little EV transmission
occurred. Figure 3 summarizes 3 studies reporting SAR among
contacts with no direct contact with the case patient. The esti-
mated mean household SAR for individuals without direct
contact is 0.8% (95% CI, 0%-2.3%) with no significant hetero-
geneity. In all reports, only 1 person was infected without direct
contact; in the 2000 outbreak in Uganda, a man was infected
from sleeping in the same heavily contaminated blanket as a
case patient (his brother) [14]. Documented instances of trans-
mission by touching contaminated inanimate objects (fomites)
have occurred, though this type of spread is rare [19]. The low
SAR for household contacts without direct physical contact
supports the hypothesis that transmission does not occur pri-
marily through fomites.

Nursing Care

While direct physical contact is an important risk factor for
transmission of EV, risk appears to be highest for contacts
who take care of the acutely ill patient. Figure 4 summarizes 4
studies reporting SAR for contacts providing nursing care. The

estimated mean household SAR for contacts providing nursing
care is 47.9% (95% CI, 23.3%-72.6%) with significant heteroge-
neity (P <.001), primarily because the estimated SAR in the
1976 Sudan outbreak was very high (81%). There was no signif-
icant time trend. For comparison, Figure 5 summarizes 3 stud-
ies reporting SARs for contacts with direct physical contact who
did not provide nursing care. The estimated mean household
SAR for these contacts is 2.1% (95% CI, 0%-6.3%) with no sig-
nificant heterogeneity. Restricting consideration to the 3 studies
that report both an SAR for nursing and an SAR for direct con-
tact without nursing [12, 14, 18], the data suggest that the esti-
mated SAR is nearly 17 times higher for contacts providing
nursing care, adjusting for direct contact. Similarly, in the
1979 Sudan outbreak, nursing care carried a 5.1-fold increased
odds of developing disease compared to less intense physical
contact (95% CI, 1.31- to 15.48- fold) [12].

Other Epidemiological Factors

Close contacts of index cases are at greater risk than other
household members. In the 1976 Zaire outbreak, SAR was
27.3% among spouses, brothers, sisters, parents, and children
of case patients, but only 8% among all other relatives in the
household [8]. In the 1995 DRC outbreak, the SAR was 45%
(10/22) among spouses of case patients, compared with 12%
(18/151) among nonspouse household contacts [13]. Evidence
is not consistent regarding transmission and gender. In the
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Article/Outbreak SAR Estimates: Direct contact = NO

Baron et al, 1983 0.011
Sudan, 1979 0/44 :
Dowell et al, 1999 0.006 M
DRC, 1995 0/78 :
Francesconi et al, 2003 0.167
Uganda, 2000 1/6
RE Model Estimate 0.008 ’
95% Confidence Interval (.000, .023) :
f T T T 1
0.000 0.250 0.500 0.750 1.000
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Figure 3. Forest plot: no direct contact. Abbreviations: DRC, Democratic Republic of the Congo; RE, random-effects; SAR, secondary attack rate.

Article/Outbreak SAR Estimates: Nursing = YES
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Uganda, 2000 18/43
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Liberia, 2014 21/74
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Figure 4. Forest plot: nursing care. For Reaves et al [18], the authors assumed that a high-risk contact was equivalent to providing nursing care as it is defined as “per-

cutaneous or mucous membrane exposure to, or direct skin contact with blood or body fluids of an Ebola patient or a corpse . . . without appropriate personal protective
equipment.” Abbreviations: RE, random-effects; SAR, secondary attack rate; WHO, world health organization.
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Article / Qutbreak SAR Estimates: Nursing = NO & Direct Contact = YES

Baron et al, 1983 0115  ————
Sudan, 1979 3/26 :
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Uganda, 2000 1/34 :
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Figure 5. Forest plot: direct contact but no nursing care provided. Abbreviations: RE, random-effects; SAR, secondary attack rate.

Gen. Article/Outbreak SAR Estimates: Generation of Transmission
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Figure 6. Forest plot: generation of transmission. Abbreviations: SAR, secondary attack rate; WHO, world health organization.
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1976 Zaire outbreak, higher SARs were observed when the fe-
male was the case patient; authors suggested this was due to in-
creased intimate family contact, including sexual intercourse
[9]. Women may also be at greater risk of being infected because
they are more likely to provide nursing care, a high-risk activity
for EV disease. In the 1995 DRC outbreak, female household
contacts had an SAR of 21%, whereas males had an SAR of
10% (no numerators, denominators, or CIs provided) [13]. In
the 2000 Uganda outbreak, twice as many women (63%) as
men (37%) were infected [15].1In contrast, within that same out-
break, restricting to Masindi only, two-thirds of the cases were
male with no obvious cause [16]. In the ongoing West African
epidemic, males and females have been similarly affected
(48.9% male as of 3 February 2016) [1].

Children tend to be spared in Ebola epidemics [8,11,13, 15, 16].
In the 1995 DRC outbreak, the SAR observed among contacts
aged >18 years was 30% (24/81) vs 4% (4/92) for contacts aged
<18 years [13]. Similarly, in the 2000 Uganda outbreak in Masindi,
the SAR among contacts aged 15-49 years was 53% (16/30) com-
pared with 7% (3/43) among all other ages. In the West African
epidemic, significantly lower incidence has been observed in chil-
dren aged <16 years in all 3 primarily affected countries [20]. Chil-
dren do not typically provide nursing care and are also less likely to
experience close contact with case patients [11]. Nonetheless, in one
study, the decreased risk among children remained after adjusting
for direct exposure to ill family members [13], suggesting that chil-
dren may be less susceptible to infection or severe disease [21].

Generation of Transmission

SAR decreases as a function of generation of transmission with-
in a household (Figure 6). Using a meta-analytic regression with
generation number as a moderator, a significant inverse relation-
ship was observed between SAR and generation (P =.031). Fam-
ily members may take more caution to avoid contact with body
fluids after the first generation of transmission, as was observed in
the 1995 DRC outbreak [19]. Similarly, case patients may be
identified more quickly and taken to a hospital for care.

Transmission and Stage of lliness

The proportion of transmissions occurring asymptomatically is
an important factor for determining how easily an outbreak can
be controlled. It is believed that individuals are not infectious
during the incubation period (ie, prior to developing symp-
toms) [22]. One possible exception is an afebrile, infected preg-
nant woman with high viral load, although her presentation
with premature membrane rupture suggests that she experi-
enced symptoms [23]. After the case patient becomes febrile, in-
fectiousness increases over time, maximizing during late-stage
infection [14]. The increase in infectiousness is likely explained
by (1) an increase in viral load over the course of infection [24]
and (2) an increase in bodily fluid output resulting from disease
symptoms, as late-stage illness is characterized by high output of
diarrhea, vomitus, and blood [13]. It is noteworthy that not all

symptomatic cases are febrile; a study in Sierra Leone found
that 18.0% of 61 confirmed cases did not present with fever, sug-
gesting immune evasion and complicating early diagnosis [25].

Individuals who recover are minimally infectious during con-
valescence. Virus rapidly clears from the blood upon resolution
of symptoms in survivors, although clearance is slower for im-
munologically protected sites, such as the kidney, gonads, and
chambers of the eye [26]. Virus can persist in semen for months
after it has cleared from the blood [27, 28]. Thus, some level of
sexual transmission of EV likely occurs [29].

Asymptomatic Transmission
EV disease severity is known to vary, but the proportion of EV
infections resulting in asymptomatic illness, otherwise known

Table 2.
Proportion

Description of Studies for Review of the Asymptomatic

Description of Seroprevalence
Outbreak

Study, Year

Testing

Breman et al,
1978 [9]

1976, Zaire (sampling
conducted 1976—
1977)

1976, Sudan (Maridi)  Francis et al,

1978 [10]

1976, Sudan (Nzara)  Francis et al,

1978 [10]

1979, Sudan Baron et al,

1983 [12]

1995, DRC Rowe et al,

1999 [27]

1996, Gabon
(sampling
conducted in 1997)

2005 [31]

1996, Gabon Leroy et al,

2000 [30]

Heffernan et al,

Serosurvey of as many people as
possible in Yamolembia | (village
selected because of high attack
rate).

Used IFA at 1:64 dilution.

Study of contacts of case patients.
The majority of them were close
family contacts, and several had
helped to nurse sick relatives
during their illnesses.

Used IFA for detection of IgG at 1:8
dilution.

Tested close family contacts of case
patients.

Used IFA for detection of IgG at 1:8
dilution.

Tested asymptomatic relatives of
suspected infected persons. As a
comparator population, tested
members of families in which
none of the ill persons
investigated were considered to
have EVD.

Used IFA at 1:16 dilution.

Prospective study of convalescents
and household contacts (person
who resided in the same
household or shared a cooking
fire with an EVD convalescent at
the time of enrollment).
Monitored for up to 21 mo.

Used ELISA for detection of IgM,
1gG, and Ebola antigen.

Population-based serosurvey >1y
after outbreak. Surveyed 8
villages, including site of February
1996 outbreak.

Used ELISA for detection of IgG and
IgM.

Study of asymptomatic close
contacts of case patients.
Sampled during 1 mo period after
first exposure to patients.

Used ELISA and Western blot for
detection of 1gG, IgM, Ebola
antigen, cytokines, and
chemokines.

Abbreviations: DRC, Democratic Republic of the Congo; ELISA, enzyme-linked immuno-
sorbent assay; EVD, Ebola virus disease; IFA, immunofluorescence assay; IgG,
immunoglobulin G; IgM, immunoglobulin M.
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Figure 7.

Forest plot: asymptomatic proportion. Abbreviations: DRC, Democratic Republic of the Congo; Pt. Est., point estimate; RE, random-effects.

as the subclinical/asymptomatic proportion, or 1 minus the path-
ogenicity of the virus, is poorly understood [30]. Although no
study has explicitly reported the asymptomatic proportion, we re-
viewed and analyzed the available literature to yield an estimate of
this quantity. Presumed asymptomatic infections may be identi-
fied through serosurveys measuring Ebola-specific antibodies.
We estimate the asymptomatic proportion from 7 serosurveys
from previous outbreaks (Table 2) [9, 10, 12, 27, 31, 32]. To pre-
pare these estimates (Figure 7), we adjust for the case-fatality rate
in serosurveys conducted among survivors, or we adjust for the
relevant SAR in serosurveys conducted among asymptomatic
household contacts (methods described in the Supplementary
Materials). Two of these studies have the highest-quality data be-
cause asymptomatic contacts are followed prospectively and are
tested using enzyme-linked immunosorbent assay. The estimated
asymptomatic proportions from these 2 studies are 20.5% (95%
CI, 6.6%-34.4%) [27] and 33.3% (95% CI, 23.6%-42.9%) [30].
The limitations of the other studies are described in detail in the
Supplementary Materials. The overall estimated asymptomatic
proportion is 27.1% (95% CI, 14.5%-39.6%), with significant het-
erogeneity across the estimates (P <.001).

DISCUSSION

We have summarized Ebola virus transmissibility by providing
estimates of household SAR. The overall estimated household

SAR based on 9 studies is 12.5% (95% CI, 8.6%-16.3%). Risk
to household contacts is associated with direct physical contact,
with little to no transmission observed otherwise. Risk is highest
for contacts exposed to infectious body fluids through provision
of nursing care, with an estimated SAR of 48.0% (95% ClI,
25.5%-70.9%). Members of the immediate family are at greater
risk, although data suggest children are at lower risk for infec-
tion even after controlling for direct physical contact. A signifi-
cant decline in SAR over time (1976-2014) was observed for
household members with direct physical contact, though this
observation may be driven by the fact that earlier studies fo-
cused on highly infected households, whereas the most recent
study included community (nonhousehold) contacts [18]. We
consistently observe a decline in SAR over multiple generations
of transmission within the same household, which could be due
to changes in behavior as disease awareness increases, or could
relate to the presence of asymptomatic individuals within the
household with protective immunity. A similar phenomenon
was observed in a study in Sierra Leone, with the population-
level viral load of infected cases decreasing over the epidemic;
however, the cause of this requires further investigation [33].
We estimate that 27.1% (95% CI, 14.5%-39.6%) of Ebola in-
fections are asymptomatic. This estimate is based on limited
data of variable quality, but it is our best estimate of a quantity
that is otherwise unknown. Thus, we are underestimating
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secondary spread of the virus because a nonnegligible propor-
tion of infections are subclinical. Although there is no evidence
that these individuals are infectious [32], they are relevant if
their subclinical infection confers protection against sympto-
matic disease.

The framework of Fraser et al suggests that the current epi-
demic could be controlled by standard surveillance and con-
tainment measures, if done aggressively [2]. The time scale of
epidemic growth is reasonably slow, with an estimated serial in-
terval (time between successive disease onsets) of 15.3 days ob-
served in the current outbreak [34]. Transmission generally
requires close physical contact with a symptomatic case patient,
with peak infectivity not occurring until late infection. Further-
more, there is no evidence of asymptomatic transmission.
Possible explanations for the large size of the West African
outbreak include high rates of human migration in the region,
poor health infrastructure, local burial practices, and fear of
interventions such as isolation and hospitalization [35]. The
recombinant vesicular stomatitis virus-based Ebola vaccine
was evaluated in a phase 3 ring vaccination trial in Guinea
and was found to have high efficacy, but the product is not
yet licensed and was not available in previous outbreaks [36].

Estimating SAR based on historical data has important lim-
itations. Data are often retrospective, and it is easier to track
down infected contacts than healthy contacts [14]. In the future,
collecting high-quality data on both infected and healthy con-
tacts is essential for unbiased analysis. Studies may have differ-
ent definitions of “household” and/or “contact.” A standardized
definition of “contact” is critical for properly interpreting the
data. Finally, without accounting for outside sources of infec-
tion, we always overestimate SAR [37].

Our estimates of the asymptomatic proportion should be in-
terpreted with caution because they are approximated from lim-
ited data under simplifying assumptions. The studies have
varying designs and lack a standardized case definition. The un-
derlying test results may also be unreliable, especially for older
data, as earlier approaches for measuring antibodies were prone
to false positives [38], or may reflect exposure to inactivated
virus or viral antigen (eg, bat saliva on fruit) [39].

Important questions remain about the household spread of
Ebola, including the frequency of sexual transmission, the
level of protection conferred by asymptomatic infection, and
the ability of vaccines to interrupt household transmission.
The results of well-designed household studies are important
to help us select maximally effective control strategies and pre-
vent future outbreaks from occurring.
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