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Table S1: Target data used in model calibration   
 

Calibration target Description Year(s) Source 
Afghanistan 

Livestock 
seroprevalence of 
CCHFV  

Age stratified IgG 
seroprevalence from 
a serosurvey in 
Herat (n=132) 

2009 Mustafa et al. 

2011[1] 

Human 
seroprevalence of 
CCHFV 

IgG seroprevalence 
in humans by 
occupation in Herat 
(n=330) 

2009 Mustafa et al. 

2011[1] 

Monthly Human 
CCHFV cases 
reported 

Reported human 
cases in Herat. 
Cases in 2018 at 
national level and 
assumed that ~62% 
are from Herat 
according to Niazi et 

al.[2] 

2008, 2017, 2018 Mofleh et al[3] 
Niazi et al[2] 
Sahak et al[4] 

Yearly Human 
CCHFV cases 
reported 

Yearly aggregated 
cases reported 
nationally. Assumed 
that ~62% are from 
Herat according to 

Niazi et al.[2] 

2009, 2010, 2010, 
2011, 2012, 2013, 
2014, 2015, 2016 

Niazi et al[2] 
Sahak et al[4] 

Yearly Human 
CCHFV fatalities 
reported 

Yearly aggregated 
deaths reported 
nationally. Assumed 
that ~62% are from 
Herat according to 

Niazi et al.[2] 

2009, 2010, 2010, 
2011, 2012, 2013, 
2014, 2015, 2016 

Niazi et al[2] 
Sahak et al[4] 

Turkey 

Livestock 
seroprevalence of 
CCHFV  

IgG seroprevalence 
among livestock 

2013, 2017 Ozan et al., [5] 
Tekelioglu et al [6] 

Human 
seroprevalence of 
CCHFV 

IgG seroprevalence 
in humans by 
occupation  

2006,2009,2010 Gozel et al [7], 
Bodur et al[8], 
Koksal[9] 

Monthly Human 
CCHFV cases 
reported 

Reported human 
cases in five 
provinces in 
Northeast Turkey 

Jan 2004 to Dec 
2017 

Ak et al., [10] 

South Africa 

Livestock 
seroprevalence of 
CCHFV  

Age stratified IgG 
seroprevalence from 
a serosurvey 

2017 Msimang et al[11] 

Human 
seroprevalence of 
CCHFV 

IgG seroprevalence 
I humans by 
occupation i 

2017 Msimang et al[11] 

Monthly Human 
CCHFV cases 
reported 

Reported human 
cases in three states 
in South Africa 

Jan 2000 to Dec 
2017 

NICD South Africa 
[12] 
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Figure S1: Model trajectories against calibration target data in Herat, Afghanistan: Panel A 

shows the age stratified simulated CCHFV IgG prevalence among livestock (green density plot), 

with the median estimate (white horizontal line), against IgG prevalence data for the same age 

groups (black square shows the mean and error bars the 95%CI). Panel B shows the posterior 

density and median estimate of IgG prevalence for the population of farmers and other occupations 

(density plots pink and blue) against IgG prevalence data. We take the prevalence estimate to 

match the dates of data collection as reported. Panel C shows stochastic model trajectories (grey 

lines) for monthly incident CCHFV human cases reported. In shaded pale grey, the 95% CrI and in 

solid blue, the median estimate. In black dots, monthly incident cases reported in two separate 

CCHF outbreaks in Herat: in 2008 as reported by Mofleh et al [3], and 2017 -2018 as reported by 

Niazi et al, and Sahak et al [2,4]. In Panels D and E, yearly CCHF cases and deaths reported from 

Herat, against data (black) as reported by Sahak et al. 
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Figure S2: Model trajectories against calibration target data in northeast Turkey: Panel A 

shows the simulated CCHFV IgG prevalence among livestock with the median estimate (green 

line), against IgG prevalence data (black square shows the mean and error bars the 95%CI). Panel 

B and C shows the posterior density and median estimate of IgG prevalence over time for the 

population of farmers and other occupations against IgG prevalence data. We take the prevalence 

estimate to match the dates of data collection as reported. Panel D shows stochastic model 

trajectories (grey lines) for monthly incident CCHFV human cases reported. In shaded pale grey, 

the 95% CrI and in solid blue, the median estimate. In black dots, monthly incident cases reported.  
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Figure S3: Model trajectories against calibration target data in three provinces in South 

Africa: Panel A shows the age stratified simulated CCHFV IgG prevalence among livestock (green 

density plot), with the median estimate (white horizontal line), against IgG prevalence data for the 

same age groups (black square shows the mean and error bars the 95%CI). Panel B shows the 

posterior density and median estimate of IgG prevalence for the population of farmers and other 

occupations against IgG prevalence data. We take the prevalence estimate to match the dates of 

data collection as reported. Panel C shows stochastic model trajectories (grey lines) for monthly 

incident CCHFV human cases as reported by NICD[12]. In shaded pale grey, the 95% CrI and in 

solid blue, the median estimate. In black dots, monthly incident cases reported.  
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Table S2: Model parameters    
 

 
Parameter description Notation Input Values/Estimated* Sources 

 Afghanistan Turkey South Africa  

Livestock 

Duration of infectiousness in 

livestock 
𝐷𝑖𝐿 7 days 

Gonzalez et 

al., 1998[13] 

Duration of colostrum acquired 

immunity (months) 
𝐷𝑎𝐿 8.3 (CrI 95% 2-10) 

11.5 (CrI 95% 11-

13) 

3.5 (CrI 95% 1.1-

11.1) 
Estimated 

Mean time to loss of immunity in 

adult livestock (months) 
𝐷𝑚𝐿 52 (CrI 95% 46-76) 38 (CrI 95% 35-44) 

71 (CrI 95% 37-

100) 
Estimated 

Proportion of livestock immune at 

time 0 by age¥ group a 

 

𝑅𝑎(𝑡) 
𝑅𝑎(𝑡) =

{
 
 

 
 
0.29 𝑓𝑜𝑟𝑎 = 1
0.48 𝑓𝑜𝑟𝑎 = 2
0.8 𝑓𝑜𝑟𝑎 = 3

0.87 𝑓𝑜𝑟𝑎 = 4
0.87 𝑓𝑜𝑟𝑎 = 5

 
Barthel et al., 

2014[14] 

Humans 

Duration of latent period in humans 𝐷𝑙𝐻 4 days 
Bente et al., 

2013[15] 

Duration of infectiousness in 

humans 
𝐷𝑖𝐻 9 days 

Fillâtre et al., 

2019[16] 
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Duration of immunity in humans 𝐷𝑚𝐻 3650 days Assumption 

Fraction of human infection resulting 

in a clinical case 
𝜙 

0.31 (CrI 95% 0.28-

0.33) 

0.16 (CrI 95% 0.10-

0.30) 

0.19 (CrI 95% 0.10-

0.38) 
Estimated 

Proportion of farmers immune at 

time 0 
pF 0.1333 0.1333 0.05 (assumption) 

Mustafa et al., 

2011[1] 

Proportion of others immune at time 

0 
pO 0.0469 0.0469 0.02 (assumption) 

Mustafa et al., 

2011[1] 

Case fatality rate of CCHF 𝐶𝐹𝑅𝑐𝑐ℎ𝑓𝑣 33% 25% 5% 

Niazi et al., 

2019[2]; NICD 

[12]; Yilmaz et 

al [17] 

Demographics 

Livestock population size NL 15,193 356,981 2,800,909 

FAO 2008 

[18]; Turkstat[ 

19]; 

DLRRD[20] 

 

Livestock ageing factor (1/months) δ 1/12 Assumption 
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Livestock monthly death rate μ 𝜇𝑎 =

{
 
 

 
 
0.0761 𝑓𝑜𝑟𝑎 = 1
0.0743 𝑓𝑜𝑟𝑎 = 2
0.0746 𝑓𝑜𝑟𝑎 = 3

0.0744 𝑓𝑜𝑟𝑎 = 4
0.0747 𝑓𝑜𝑟𝑎 = 5

 

See 

supplementar

y material in 

Vesga et al 

[21] 

Population size - Farmers NF 7,614 173,622 637,383 USAID 2008 

Population size - Other occupations NO 17,768 422,763 742,234 USAID 2008 

Life expectancy - humans LH 61.5 years 64 years 77 years 

World bank 

2008-

2014[22] 

Monthly birth rate humans bH 1/ (12* LH) Assumption 

Monthly birth rate in livestock bL μ Assumption 

Viral transmission parameters 

Between livestock transmission 

temperature dependent 
A 

0.33 (CrI 95% 0.2-

0.4) 

3 (CrI 95% 4-5) 0.46 (CrI 95% 0.37-

0.6) 
Estimated 

Transmission rate from livestock to 

farmers 
βF 

0.28 (CrI 95% 0.15-

0.34) 

0.12 (CrI 95% 0.01-

0.38) 

0.75 (CrI 95% 0.12-

5.1) 
Estimated 

Other occupations relative 

transmission factor(relative to 
O 

0.3 (CrI 95% 0.1-

0.5) 

0.43 (CrI 95% 0.04-

0.95) 

0.34 (CrI 95% 0.01-

0.95) 
Estimated 
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farmers) 

Transmission rate from livestock to 

other occupations 
βo OβF Assumption 

*Estimated values represent the posterior mean and 95% CrI for the best most parsimonious model, i.e., saturation deficit obtained 
during calibration (see section S3 Text [21] for calibration details) .    
¥ Livestock age stratification groups where a=1 reflects 0 to 12 months; a=2 for 13 to 24 months; a=3 for 25 to 36 months; a=4 for 37 
to 48 months, a=5 for 48 months and older 
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Figure S4: Deviance information criterion (DIC) for CCHFV transmission models with 
different environmental drivers as proxy markers of tick activity. In South Africa and Turkey, 
soil temperature shows the smallest DIC, while in Afghanistan it is saturation deficit the best 
performing model.  
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