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Abstract

Background.—Knowing risk factors for household transmission of Ebola virus is important to 

guide preventive measures during Ebola outbreaks.

Methods.—We enrolled all confirmed persons with Ebola who were the first case in a household, 

December 2014-April 2015, in Freetown, Sierra Leone, and their household contacts. Cases and 

contacts were interviewed, contacts followed prospectively through the 21-day incubation period, 

and secondary cases confirmed by laboratory testing.

Results.—We enrolled 150 index Ebola cases and 838 contacts; 83 (9.9%) contacts developed 

Ebola during 21-day follow-up. In multivariable analysis, risk factors for transmission included 

index case death in the household, Ebola symptoms but no reported fever, age <20 years, more 
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days with wet symptoms; and providing care to the index case (P < .01 for each). Protective 

factors included avoiding the index case after illness onset and a piped household drinking water 

source (P < .01 for each).

Conclusions.—To reduce Ebola transmission, communities should rapidly identify and follow-

up all household contacts; isolate those with Ebola symptoms, including those without reported 

fever; and consider closer monitoring of contacts who provided care to cases. Households could 

consider efforts to minimize risk by designating one care provider for ill persons with all others 

avoiding the suspected case.
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The 2014–2016 Ebola outbreak in West Africa was unprecedented in size and duration, 

lasting over 2 years and resulting in 28 646 cases in Guinea, Sierra Leone, and Liberia [1]. 

Widespread transmission within the cities of Freetown and Monrovia was an extraordinary 

feature of this outbreak.

Ebola virus disease (EVD) epidemic control relies on interrupting person-to-person 

transmission through rapid isolation and diagnosis of patients in Ebola treatment facilities, 

using special precautions to manage corpses [2], and use of personal protective equipment 

by health care workers, burial, and environmental decontamination teams [3]. However, 

previous outbreaks show that many secondary cases were household members of confirmed 

cases [4–7]. Despite this, we have limited understanding about risk or protective factors for 

disease transmission to household contacts. Evidence-based guidance for households could 

reduce secondary cases when used along with existing recommendations for occupationally 

exposed persons.

From this prospective investigation of households with a first case of EVD in Freetown, 

Sierra Leone, we present the rates and risk factors associated with transmission to household 

contacts.

METHODS

We enrolled all EVD cases in greater Freetown and surrounding rural areas in Western 

District who were the first reported case in their household and their household contacts 

from 15 December 2014 through 30 April 2015. We identified confirmed EVD cases or 

deaths through routine EVD surveillance conducted by District Surveillance Officers, who 

investigated potential cases within 24 hours after notification and moved suspect cases to an 

isolation facility. If a death was reported, the body was removed from the house. Cases and 

deaths were laboratory confirmed by polymerase chain reaction detecting Ebola virus 

(EBOV) RNA. Sierra Leone authorities quarantined all household members for 21 days after 

last exposure to a confirmed case.

We defined household contacts as persons who spent at least night sharing the same 

residential unit/indoor living space as the index case after onset of symptoms.

Reichler et al. Page 2

J Infect Dis. Author manuscript; available in PMC 2019 May 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Project staff interviewed all household contacts and the index case (or head of household as 

proxy) about the period from symptom onset to removal of the index case. Households of 

index cases confirmed before 1 February 2015 were enrolled in early February and those 

confirmed after 1 February were enrolled upon identification of a suspect case.

Wet symptoms were defined as vomiting, diarrhea, or bleeding. All symptoms were self-

reported, including fever, and thermometers for measuring temperature were not commonly 

available in the community.

Study assistants visited households throughout the 21-day follow-up period (or directly 

following enrollment for retrospectively enrolled cases) to determine whether enrolled 

contacts developed EVD symptoms or died. For contacts who developed symptoms, we 

queried the national laboratory database for confirmation of EVD status, matching on name, 

age, gender, address, and EBV onset date; those with positive laboratory results were 

considered confirmed secondary cases, those with no laboratory results were probable 

secondary cases, and those with negative laboratory results were excluded because EVD 

status could not be determined with certainty.

All study activities were coordinated closely with the EVD program but were performed 

independent of program activities. Data completeness for all key variables was >99%. This 

investigation was determined to be a public health response activity by the Sierra Leone 

Ministry of Health and United States Centers for Disease Control and Prevention Ethical 

Review Boards.

We defined the individual secondary attack rate (SAR) as the number of confirmed or 

probable secondary cases of EVD among contacts occurring within 21 days after index case 

isolation divided by the total number of contacts. We defined household transmission rate 

(HTR) as the number of households with ≥ 1 secondary case of EVD among contacts 

divided by the total number of households.

We used logistic regression to examine index case, household, and individual contact factors 

associated with secondary transmission. For univariate analyses of case and household 

factors, we calculated both HTR and individual SAR to examine transmission risk. For 

univariate analyses of contact factors, we used individual SAR as the outcome. We used a 

logistic regression model for HTR and generalized estimating equations to account for 

household clustering for individual SAR analyses.

We developed multivariable models using an analyst-driven forward selection. We used the 

Akaike information criterion and Wald χ2 to determine the most parsimonious model and 

the Quasi-likelihood information criterion and z statistic in the general estimating equation 

(empirical standard errors). We considered variables for the multivariable models if their 

univariate P value was < .25. We developed multivariable models that looked first at HTR 

for case factors and second at HTR for case and household factors together. We then 

developed an integrated multivariable model including individual SAR for case, household, 

and contact factors. We assessed colinearity by examining the variance inflation factor and 

calculating pairwise Kappa statistics. We kept variables if they had a 2-sided statistical 

significance level ≤0.05. We ran sensitivity analyses removing probable secondary cases; 
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results were similar and are not reported. No statistically significant interaction terms were 

identified. We performed all analyses using SAS software [8].

RESULTS

One-hundred and fifty households were enrolled. The date the index case was isolated from 

the household ranged from 15 December 2014 to 19 April 19 2015; 104 (69%) index cases 

were enrolled prospectively. Among cases, 129 (86%) were alive and 21 (14%) dead at the 

time of removal; 122 (81%) index cases were interviewed by proxy. The Freetown epidemic 

peaked from 20 October to 30 November 2014 with over 200 confirmed cases per week 

(Figure 1). The epidemic waned during this investigation; confirmed EVD cases declined 

from approximately 25 per week to fewer than 5 per week during the study period.

The 150 index cases ranged from 2 months to 90 years old; 54% were between 20 and 40 

years old (Table 1). Clinical sign and symptom frequencies ranged from 1% for bruising to 

81% for weakness or fatigue. Although fever was the second most frequent symptom, only 

75% of index cases reported fever. All index cases without reported fever had other EVD 

symptoms (median, 4 symptoms), including 46% with wet symptoms. A majority of index 

cases resided in urban areas (71%) and in apartments (60%); few had flush toilets (13%).

A secondary case of EVD occurred in 40 (27%) of 147 households with contacts. Among 

these, 17 (42%) had more than 1 secondary case; 2 households had 2 cases, 7 had 3 cases, 5 

had 4 cases, and 3 had 5 cases.

We enrolled 845 household contacts; 7 contacts with EVD symptoms but negative laboratory 

results were excluded. Of the remaining 838, 83 (9.9%) developed EVD (74 confirmed and 

9 probable cases) within 21 days of index case isolation. The median number of contacts per 

index case was 5. Very few contacts (0.7%) reported touching the body of an index case 

after their death and only 3% reported known medical conditions.

The HTR was higher when the index case died in the house, had EVD symptoms but no 

reported fever, was <20 years old, had jaundice, or spent more days in the house with wet 

symptoms; the last association was of borderline statistical significance (Table 2). The 

individual SAR was higher when the index case died in the house, did not have headache, 

and did not have reported fever; the last association was of borderline statistical significance. 

Among the index case factors, patients that had no reported fever and death in the household 

were associated with the largest proportions of secondary cases (34 [41%] and 28 [34%] of 

83, respectively). Index cases with no reported fever were more likely to die in the house 

than those with fever (27% vs 9%, P < .01), and among index cases who died in the house, 

there was a significantly higher attack rate among contacts for those with no reported fever 

versus for those with fever (37% vs 12%, P = .02).

During the 5-month enrollment, there was no difference in HTR or individual SARs by 

month of index case symptom onset (Table 2). The average interval from index case 

symptom onset to removal from the household had a decreasing trend from 4 days to 3.5 

days over the enrollment period (P = .07; data not shown).
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The HTR and individual SARs were lower for houses with a piped drinking water source. 

The individual SAR was decreased for contacts in households where there were 6 or more 

persons.

Individual SARs based on household contact characteristics are given in Table 3. Higher 

SARs were seen among contacts who provided care to the index case, had physical contact 

with the case or case’s body fluids, had contact with the case’s clothing or bed linens, slept 

in the same room with the case, or were a case’s first-degree relatives. Higher SARs were 

also seen among contacts who shared a blanket or bed, meals, or a toilet with the case but 

these associations were of borderline significance. SARs were lower for contacts who 

reported having reduced contact with the case after illness onset by staying at least 1 meter 

away, stopping eating meals together, or avoiding touching the case. Among persons who 

provided care to the case, use of improvised barrier protection was not common (14%).

In a multivariable model, index case factors independently associated with increased 

household transmission included being less than 20 years old, no reported fever, more days 

in the house with wet symptoms, and death in the house (Table 4). In a multivariable model 

of index case and household factors, the same index case factors were independent risk 

factors for house-hold transmission, and having a piped drinking water source was 

protective. In the model integrating index case, household, and contact factors, independent 

risk factors for transmission included providing care to the index case, index case death in 

the house, no reported index case fever, and being a first-degree relative of the case; 

behaviors adopted by the contact to avoid the index case and piped drinking water were 

protective.

DISCUSSION

We conducted a prospective evaluation of risk factors for household transmission during the 

2014–2016 Ebola outbreak in West Africa. When taking index case, household, and contact 

factors into account, independent risk factors for increased transmission included providing 

care to the index case, being a first-degree relative of the case, death of the index case in the 

house, and EVD symptoms but no reported fever in the case. Behaviors adopted to avoid 

contact with the index case and a piped drinking water source for the household were 

associated with lower transmission rates.

Within the 21-day follow-up period, 27% of households had a secondary EVD case and 

9.9% of all contacts developed EVD. Individual SARs for household contacts in outbreaks 

have varied widely between reports [4–7, 9–16]. The lowest individual SARs reported (2.5% 

[Uganda 2000], 3.0% [Liberia 2017], and 5.6% [Zaire 1975]) all included nonhousehold 

contacts [7, 11, 14]. Thus, these reports likely underestimated the individual SAR associated 

with household transmission. The highest individual SARs reported were for outbreaks in 

Zaire in 1995 (16%), Sudan in 1979 (22%), Sierra Leone in 2018 (18%), and Uganda in 

2000 (26% and 27%). However, all were retrospective studies, 4 included multiple 

transmission chains [4, 5, 10, 15], 2 included exposures to the index case after 

hospitalization [4, 5], 2 included nonhousehold community [9, 10], and all identified 

secondary cases based on symptoms without laboratory confirmation. Thus, these SARs 
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likely overestimated the individual risk associated with household transmission. A further 

report from this Sierra Leone epidemic calculated an SAR of 5.9% by retrospectively linking 

cases using names and addresses on report forms [16]. In our experience, these were 

frequently missing or inaccurate and likely would systematically undercount household 

relationships and lower the SAR. These differing methodologies preclude making a direct 

comparison with our study findings, which are based predominantly on prospective data 

collection, laboratory confirmation of EVD, enrollment restricted to index cases who were 

the first case in a household, and a strict definition for household contacts.

Death of the index case in the household was a strong risk factor for transmission in our 

study, with a 3.5-fold increase in EVD risk. Most EVD cases die at peak viremia [17, 18] 

and most deaths occur after 5–7 days of illness [18]. Thus, exposure to cases with high viral 

loads and for a longer time may explain the high risk associated with death in the household. 

Unsafe corpse preparation for burial is known to have contributed to EBOV transmission in 

West Africa [19, 20], but was not a source of exposure in our study, because all enrolled 

EVD cases were removed from the house by health authorities for safe and dignified burial. 

All contacts were quarantined and unable to participate in corpse preparation for burial. 

Dying in the house was associated with secondary infection in rural Liberia and Guinea, and 

it was postulated that traditional practices of touching the body after death may have 

contributed to transmission [21]. Very few contacts in our study reported touching a 

deceased patient and none helped to prepare the corpse for burial; thus, in our primarily 

urban setting in Sierra Leone this factor appears unlikely to have played a major role in 

transmission.

In our study, EVD symptoms but no reported fever in the index case was a risk factor for 

transmission; 41% of secondary cases were associated with a case with no reported fever. 

Fever is part of the EVD surveillance case definition [22] and was emphasized as a key 

symptom in public communications during the epidemic. The practices of setting roadblocks 

to check travelers for fever and fever screenings at public building entrances are likely to 

have focused public attention on fever. However, fever is difficult to reliably measure 

without an accurate thermometer, and some people may not realize that they have a fever. 

Additionally,we assessed the symptoms of most index patients through proxy interviews, 

which may have contributed to incomplete assessment of fever. Therefore, we think that no 

reported fever in 25% of index cases may be a combination of cases who truly did not have 

fever, did not realize they had fever, or did not complain of fever to other household 

members. The absence of recognized fever may have delayed EVD recognition by 

household members,resulting in contacts taking fewer precautions and leading to more 

exposure and higher rates of transmission. We recommend that during future outbreaks, 

public messages should emphasize heightened vigilance for illness, and household members 

with any EVD symptoms should be separated and referred for evaluation early, even in the 

absence of reported fever.

Index cases without reported fever were also more likely to die in the household, and viral 

loads are known to be highest near the time of death [17, 18]; thus, increased transmission 

rates are plausible. However, in multivariable analysis, index case death in the household 

and no reported fever were independent risk factors for transmission. Further, among all 
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deaths in the household, transmission rates were significantly higher for index cases with no 

reported fever. Thus, the increased risk of death in the household and likelihood of higher 

associated viral loads does not completely explain the higher attack rate among contacts of 

index cases with no reported fever that we observed. Further studies are needed to evaluate 

potential mechanisms for higher transmission rates to contacts from EVD patients without 

reported fever.

The length of time an index case was in the house with wet symptoms was another 

transmission risk factor. Cases are most infectious when wet symptoms are present [4, 13]. 

Such patients likely require more care and increase household environmental contamination 

with virus-containing body fluids; thus, increasing the transmission risk to care providers 

and other household members. Therefore, persons with EVD symptoms should be isolated 

early and community messages should promote steps within households to separate ill 

persons and avoid contact with their body fluids.

Twenty-four percent of household care providers developed EVD, more than 3 times the rate 

among contacts not providing care. Despite the risk, few care providers reported using any 

form of barrier protection such as gloves or plastic bags over the hands. This is noteworthy 

because enrollment started 6 months after the outbreak began, when there was heightened 

awareness about Ebola from educational campaigns that emphasized avoiding direct contact 

with EVD cases. Further, providing nursing care to EVD cases early in the illness [9], during 

the hospital phase [5], and near death [9, 13] have all been associated with increased 

transmission risk. Further evaluation of communication strategies to reduce exposure among 

care providers is needed. Limiting the number of care providers in a household to minimize 

the number of persons exposed is worth consideration, as was recommended in Sierra Leone 

late in the outbreak [23].

Because few care providers used any form of improvised protection, we cannot draw 

conclusions about the utility of specific protective barriers for this high-risk group. However, 

we did identify avoidance behaviors that were associated with decreased transmission risk. 

Household members were at decreased risk for EVD if they stayed at least 1 meter away, 

avoided eating with or touching, or stopped sleeping with or near an ill index case. This 

establishes the protective benefit of a set of behaviors that can be adopted by household 

contacts. Several of these behaviors were recommended through the “Stay Safe While You 

Wait” intervention [23]. This evidence for protective benefit has implications for education 

messaging and could be an important tool for future outbreaks.

Two exposures linked with transmission in previous out-breaks, physical contact with the 

index case and contact with body fluids [4, 5, 9, 12, 13], were associated with increased risk 

in our study. Risk of household spread could be reduced by placing a suspected case in a 

separate room or part of a room, having them sleep on a separate bed or mat, and advising 

household members to avoid physical contact with the persons, their body fluids, bed linens, 

or clothes until EVD is excluded.

EBOV transmission was also more likely in households with younger index cases. It is 

suspected that this observation may be due to children requiring more care, having more 
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interactions at home with other people, and being more active compared to older individuals, 

thus exposing more household members. The small number of index cases who were 

children and the strength of the association between being a care provider and risk of EBV 

limited our ability to confirm these hypotheses.

Piped water as the source of drinking water was the only household factor independently 

associated with decreased transmission risk. Because Ebola is not a water-borne disease, this 

finding is not related to water quality. In Freetown, having piped water generally meant 

having access to a community tap and rarely meant having pipes leading to the home. We 

think having piped water could mean increased access to water that is closer, more 

consistent, or available in greater volume, resulting in more water for hygiene purposes that 

could reduce transmission risk. Unfortunately, data were not obtained on distance to water 

source, consistency of access to water, source of washing water, or household 

socioeconomic status. Our study was done in the dry season when some water sources are 

known to run dry, highlighting the importance of consistent access to sufficient quantities of 

water. Water is rationed in Freetown, with few households receiving a 24-hour supply; 

residents of periurban and densely populated poor areas only receive water supplies once a 

month or not at all [24]. Further studies are needed to explore the piped drinking water 

association.

Our findings have implications for public health strategies to control future Ebola outbreaks. 

In settings where a 2-tiered system of risk stratification is feasible and prioritization is 

needed, index case death in the household, wet symptoms for more than 3 days, and EVD 

symptoms but no reported fever should be considered to identify higher-risk households. 

Within households, contacts who provided care to the index case, had contact with body 

fluids, or had physical contact with the case, and those who slept in the same room, touched 

or washed bed linens, or washed or wore clothes belonging to the case should be considered 

high risk. Consideration should be given to more intensive monitoring of high-risk contacts 

to promote rapid diagnosis of secondary cases and to minimize further transmission within 

the household.

We could not assess corpse preparation for burial as a risk because this study was done after 

these practices had largely been eliminated. Further, compared to earlier in the outbreak, 

suspect cases were isolated from the household more promptly and extensive community 

education efforts were underway. These factors could have altered the risk factors for 

transmission but strengthened our study by reducing the likelihood of exposures outside the 

household. In households with more than 1 contact with EVD, we could not be certain that 

each secondary EVD case was the result of transmission from the index case. Another study 

limitation was potential information bias due to proxy interviews of many index cases and 

no direct observation of behaviors or clinical illness.

Our study established the EBOV transmission rate from new EVD cases to household 

contacts in Freetown, Sierra Leone and identified modifiable risk and protective factors for 

transmission. These findings could be used to develop more effective practices to reduce 

household secondary transmission. These could include optimizing community educational 

messaging about risk factors and protective measures, increasing suspicion of EVD based on 
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the presence of symptoms with or without fever, and developing approaches to prioritize 

identifying and managing high-risk contacts.
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Figure 1. 
Epidemic curve of study enrollment compared with Western District, Sierra Leone Ebola 

outbreak, 2014–2015.
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Table 1.

Characteristics of the Study Population (150 Ebola Index Cases, 150 Households, 838 Household Contacts)

Variable Level N (%)

Index cases (n = 150)

Age of index case <5 years 5 (3)

5–19 years 16 (11)

20–39 years 81 (54)

40–59 years 37 (25)

≥ 60 years 11 (7)

Sex Female 65 (43)

Male 85 (57)

Religion Christian 31 (21)

Muslim 117 (78)

None 1 (1)

Unknown 1 (1)

Source of information Case 28 (19)

Proxy 122 (81)

Status of case when removed from house Alive 129 (86)

Dead 21 (14)

Days in household with symptoms 1–2 30 (20)

3–4 72 (48)

5–6 36 (24)

≥ 7 12 (8)

First reported symptom Fever 67 (45)

Headache 25 (17)

Muscle/joint pain 19 (13)

Abdominal pain, vomiting 8 (5) each

Chest pain 7 (5)

Backache,
weakness/fatigue

5 (3) each

Diarrhea, sore throat 2 (1) each

Bleeding 1 (1)

Individual symptoms Weakness/fatigue 121 (81)

Fever
a 112 (75)

Muscle or joint pain 107 (71)

Headache 92 (61)

Vomiting 76 (51)

Abdominal pain 69 (46)

Red eye 62 (41)

Diarrhea 58 (39)

Sore throat 42 (28)

Chest pain 39 (26)
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Variable Level N (%)

Backache 30 (20)

Bleeding 15 (10)

Jaundice 11 (7)

Neck rigidity 9 (6)

Rash 6 (4)

Bruising 2 (1)

Symptom group
b Wet and dry symptoms 88 (59)

Dry only 62 (41)

Length of phases
Dry

c Phase 1 median (min, max) 3 (1, 9) (n = 109)

Wet
c Phase 2 median (min, max) 2 (1, 12) (n = 88)

Dead
c,d

Phase 3 median (min, max)
d 1 (1, 2) (n = 21)

Household information (n = 150)

Location of household Urban 107 (71)

Rural 43 (29)

Dwelling type Apartment 90 (60)

Detached house 39 (26)

Makeshift house 21 (14)

Household water source Piped 77 (51)

Other 73 (49)

Toilet facilities Pit latrine 118 (79)

Flush 19 (13)

No facility 13 (9)

Case separated withinhousehold
e Yes

55 (37)
e

No 95 (63)

Household size
f Median (min, max) 5 (1, 21)

Household contacts (n = 838)

Age category <5 122 (15)

5–19 308 (37)

20–39 279 (33)

40–59 101 (12)

60+ 28 (3)

Sex Male 367 (44)

Female 471 (56)

Relationship to index patient
g First-degree relative 419 (50)

Other relative 225 (27)

Nonrelative 194 (23)

Religion Muslim 650 (78)

Christian 185 (22)

None 3 (0.4)
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Variable Level N (%)

Reported medical condition
h Yes 27 (3)

No 807 (96)

Unknown 4 (0.5)

a
All index cases with no reported fever had other Ebola virus disease symptoms.

b
Wet symptoms included vomiting, diarrhea, and bleeding; there were no cases that had wet symptoms only.

c
Dry phase is the number of days in the house with dry symptoms only, wet phase is the number of days in the house with wet symptoms, and dead 

phase refers to the number of days in the house after the index case was deceased.

d
Where the case died in the house, 81% (17/21) of cases were removed on the same day that they died. This was counted in calculation of means 

and median as a phase 3 length of 1 day (but it actually was <24 hours).

e
Among households where the index case was separated, 84% (n = 46) of index cases slept separately; 62% (n = 34) were moved to a separate 

room; 55% (n = 30) index cases slept on a separate mat; 44% (n = 24) index cases had separate eating utensils; 11% (n = 6) had their laundry 
handled separately, and 9% (n = 5) used a separate toilet.

f
Household size is the number of contacts in the household, excluding the index case.

g
First-degree relative includes spouse, parents, children, and siblings.

h
The 27 reported medical conditions included cardiovascular disease (8), ulcer (6), sickle cell disease (2), asthma (2), HIV (2), diabetes mellitus 

(1), other (6).
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