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deaths expected per week. 1016 deaths in the community were reported from Sierra Leone, representing 
approximately 49% of the 2075 community deaths expected per week. 

� The capacity to deploy rapid-response teams following the detection of a new confirmed case continues to be 
a cornerstone of the national response strategy in Guinea, Liberia, and Sierra Leone. Each country reports to 
have at least 1 national rapid-response team (table 4). Strengthening of national and subnational rapid-
response capacity and validation of incident-response plans will continue throughout 2016. 

Figure 2: Geographical distribution of new and total confirmed cases in Guinea, Liberia, and Sierra Leone§§ 

 
The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on the part 
of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, or concerning the 
delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines for which there may not yet 
be full agreement. §§One additional confirmed case reported in Guinea on 28 March 2016 is not shown here. 
  



(Sexual) transmission 
of Ebola virus

• Transmission from symptomatic 
patients through body fluids 
(sweat, saliva, blood) 

• Molecular evidence of sexual 
transmission of Ebola virus 
(Mate et al, 2015, NEJM) 

• Average duration of RNA 
persistence in semen of 
convalescent survivors: 5.9 
months (95% CI: 5.1-6.9 
months) (Deen et al, 2015, 
NEJM; Eggo et al, 2015, Euro 
Surveill)

2 www.eurosurveillance.org

We assume 60% case fatality for all weeks, and that 
40% of survivors are male adults [6].

As of 8 November 2015, we estimate that the number 
of men who may have EBOV RNA-positive semen is 50 
(95% CI: 22–112), 15 (95% CI: 1–84) and 97 (95% CI: 
24–295) in Guinea, Liberia and Sierra Leone respec-
tively (Figure 2A). The geographical distribution is 
heterogeneous (Figure 2B) where the region with high-
est estimated numbers is the Western Area Urban 
District, Sierra Leone, at 33 (95% CI: 8–87). According 
to our analysis, in the first week of January 2015, the 
estimated total number of EBOV RNA semen-positive 
individuals was 2,255 (95% CI: 1,946–2,495), in week 
ending 8 November 2015 was 162 (95% CI: 47–491), and 
in January 2016 will be 73 (95% CI: 15–331). Therefore 
the bulk of person-weeks of risk have passed (Figure 
2A), although the infectiousness of EBOV-positive 
semen over time is not known.

Sensitivity analyses

Sensitivity of model of RNA persistence in 
semen to chosen distribution
Due to the low number of samples, and the lack of sam-
ples at long time periods, we are unable to determine 

which parametric distribution fits best (Figure 3). 
Results above are presented for the negative binomial 
distribution, and here we examine the sensitivity of our 
estimates to the chosen distribution. We show the fit 
to the data (Figure 3A), probability distribution of dura-
tion of semen RNA positivity (Figure 3B), and the num-
ber of EBOV RNA semen-positive individuals in the first 
week of January 2015, the week ending 8 November 
2015 and the first week of January 2016 for Guinea 
(Table 2), Liberia (Table 3) and Sierra Leone (Table 4). 

In all tested distributions the values for the number of 
individuals in January 2015 are comparable, as are esti-
mates on 8 November 2015. In estimates for January 
2016, the effect of the difference in the tail of the dis-
tributions becomes clearer.

Sensitivity to underreporting of estimations of 
numbers of men with Ebola virus RNA-positive 
semen
We tested the sensitivity of our estimates to the 
assumed fraction of EVD cases that are reported. We 
show estimates for complete (or 100% reporting) (as 
above), constant 70% reporting, or a rising reporting 
fraction, beginning at 30% early in of the epidemic 
(1 January 2014), reaching 95% near the end of the 

Figure 1
Fit of a negative binomial distribution to published data on detection of Ebola virus RNA in semen samples
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EBOV: Ebola virus.

A. Maximum likelihood (dark blue), 95% bootstrap interval (shaded) for the fitted distribution from 5,000 bootstrap samples. The negative 
binomial distribution has parameters size = 4.73 and probability = 0.16. Data are shown in black, with a 95% binomial confidence interval.

B. Maximum likelihood estimate (dark blue) and 95% bootstrap interval (shaded) of the duration of Ebola virus RNA semen positivity post 
Ebola virus disease onset.
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A. Maximum likelihood (dark blue), 95% bootstrap interval (shaded) for the fitted distribution from 5,000 bootstrap samples. The negative 
binomial distribution has parameters size = 4.73 and probability = 0.16. Data are shown in black, with a 95% binomial confidence interval.

B. Maximum likelihood estimate (dark blue) and 95% bootstrap interval (shaded) of the duration of Ebola virus RNA semen positivity post 
Ebola virus disease onset.

Figure: Eggo et al (2015, Euro Surveill)



• Compartmentalization: Reducing the population diversity to a few key characteristics 
that are relevant to the infection 

• After transmission, susceptible individuals S enter the exposed class E before they 
become infectious individuals I that can become convalescent survivors (C) and 
recover (R) or die (D).

Ebola transmission model including sexual 
transmission through convalescent survivors

S
βSI+πC fγI

E I D
σE

R
(1-f)γI

C
ωC



Figure: Abbate et al (2016, PLOS Negl Trop Dis)

Model allows to quantify the number of convalescent survivors at any point in 
time.

Dynamics of Ebola epidemic in Sierra Leone
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Per sex act transmission probability primarily affects excess number of Ebola 
cases.

Figure: Abbate et al (2016, PLOS Negl Trop Dis)
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Fig. 3 Click here to download Figure Fig 3 EbolaConv eta.pdf 



Duration of convalescence period (persistence of infectious Ebola virus RNA) 
affects excess number of Ebola cases and the duration of the epidemic.

Expected number of sexual transmission events in 
Sierra Leone: sensitivity analysis

Figure: Abbate et al (2016, PLOS Negl Trop Dis)
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Sexual transmission (3 months convalescence, 0.1% per sex act transmission 
probability) could extend the epidemic in Sierra Leone by several months.
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Impact of sexual transmission on epidemic tail in 
Sierra Leone

Figure: Abbate et al (2016, PLOS Negl Trop Dis)



Figure: Abbate et al (2016, PLOS Negl Trop Dis)

Projected day of last Ebola case in Sierra Leone
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No sexual transmission 3 months convalescence 6 months convalescence

Last reported case in week 3 (18-24 January) 2016. 

Variance in simulated tail of the epidemic grows with duration of convalescence. 



How relevant is sexual transmission of Zika virus?

• United States: 23 out of 2,382 (1%) reported cases resulted from sexual 
contact with a traveller to an affected area (Walker et al, 2016, MMWR Morb 
Mortal Wkly Rep) 

• Longest duration of Zika virus RNA detection in semen is 188 days after the 
onset of symptoms (Nicastri et al, 2016, Euro Surveill) 

• Mathematical modeling study suggest contribution to R0 is ~ 3% (Gao et al, 
2016, Sci Rep) 

• No self-sustained epidemic, but small transmission clusters possible in sexual 
high risk groups 

• Zika virus is sexually transmissible, but not a sexually transmitted infection 
(Althaus & Low, 2016, PLOS Med).
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