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Dengue virus is transmitted in two distinct transmission cycles; transmission among non-human primates by 
Aedes mosquitoes in the forest canopy (the sylvatic cycle) and transmission among humans by Aedes aegypti 
in an urban cycle (the endemic cycle). These cycles are usually thought to be non-overlapping. While there is 
evidence to suggest maintenance of transmission exclusively among non-human primates in Western Africa 
and Malaysia, with occasional spillover to humans, the precise role of particular primates including humans 
in the dengue transmission cycle is unknown. [Diallo 2003, Vasilakis & Weaver 2008, Rudnick 1967] Here we 
use a mathematical model to investigate the transmission dynamics of dengue among multiple primate 
hosts, including humans. We investigate the impact of di�erential birth and death rates, transmission prob-
abilities and coupling rates between host species on temporal dynamics of incidence of dengue virus infec-
tion.

Multi-anual cycles are found in the single host, single vector case when transmission probabilities and aver-
age daily biting rates are low and all other parameters are within reasonable values as suggested by the lit-
erature.

Our frequency dependent SIR model with j mosquito 
species and i primate species extends a framework 
presented in Keeling and Rohani (2008). The model 
equations are as follows, where S, I and R denote the 
susceptible, infectious and recovered classes of each 
species:

βpi m j ( t) = bpi m j [1 + cj · cos(t 2π/ 365)]
βm j pi ( t) = bm j pi [1 + cj · cos(t 2π/ 365)]

Nm j = Sm j + I m j

N ( t) =
i

S pi ( t) + I pi ( t) + R pi ( t)

Sm j
( t) = µm j Nm j ( t) −

i

rm j pi βpi m j ( t) I pi ( t)Sm j ( t) /N ( t) − νm j Sm j ( t)

I m j
( t) =

i

rm j pi βpi m j ( t) I pi ( t)Sm j ( t) /N ( t) − νm j I m j ( t)

S pi
( t) = µpi N pi ( t) −

j

rm j pi βm j pi ( t) I m ( t)S pi ( t) /N ( t) − νpi S pi ( t)

I pi
( t) =

j

rm j pi βm j pi ( t) I m ( t)S pi ( t) /N ( t) − γpi I pi ( t) − νpi I pi ( t)

R pi
( t) = γpi I pi ( t) − νpi R pi ( t)

References
Diallo, M., Ba, Y., Sall, A. A., Diop, O. M., Ndione, J. A., Mondo, M., Girault, L., and Mathiot, C. (2003). Ampli�cation of the sylvatic cycle of dengue virus type 2,  

 Senegal, 1999-2000: entomologic �ndings and epidemiologic considerations. Emerg Infect Dis, 9(3):362–7

Keeling, M. J. and Rohani, P. (2008). Modeling infectious diseases in humans and animals. Princeton University Press, Princeton.

Rudnick, A., Marchette, N. J., and Garcia, R. (1967). Possible jungle dengue–recent studies and hypotheses. Jpn J Med Sci Biol, 20 Suppl:69–74.

Vasilakis, N. and Weaver, S. C. (2008). The history and evolution of human dengue emergence. Adv Virus Res, 72:1–76.

Acknowledgements

We acknowledge NSF Graduate Research Fellowship and NIH MIDAS to BA and NIH MIDAS for DATC. This research was supported by NIH grant 

AI069145 (PI: SCW).

0
20
0
40
0

175 178 181 184 187 190 193 196 199

20
60

175 178 181 184 187 190 193 196 199

20
60

175 178 181 184 187 190 193 196 199

175 178 181 184 187 190 193 196 199

0
20
0

40
0

0
20
0

50
0

175 178 181 184 187 190 193 196 199

In
id

en
ce

 (p
er

 1
00

,0
00

)

Fraction 
Coupling = 0

1/10,000
1/1,000

1/100
1

Prim
ate

H
um

an

0 2000 6000 10000

0
20

00
60

00
10

00
0 A. 1/5th coupling

0.5

0.6

0.7

0.8

0.9

1.0

 2 

 4 

 1 

0 2000 6000 10000

0
20

00
60

00
10

00
0 B. 1/500th coupling

number humans

0.5

0.6

0.7

0.8

0.9

1.0

 2 

 4 

 1 

0 2000 6000 10000

0
20

00
60

00
10

00
0 C. uncoupled

0.5

0.6

0.7

0.8

0.9

1.0

 2 

 1 

n
u

m
b

er
 p

ri
m

at
es

n
u

m
b

er p
rim

ates

Figure 4 Incidence in Humans 
and Primates in the Coupled and 
Uncoupled Systems Top panels 
(A’s and B’s) are coupled at 1/500th 
of the on-diagonal biting rates. 
Bottom panels (C’s and D’s) are un-
coupled. Note the dominance of 
the higher birth rate primate on the 
period of oscillations in the 
coupled simulations. This indicates 
that the higher birth rate species 
determines the period of epidemic 
oscillation only when its R0 is 
greater than one.

Figure 1 Summary of Dengue and Yellow Fever Isolates, 1962 -- 2007 Panel A shows number of dengue 
and yellow fever virus isolates over time separated by species. Short horizontal bars indicate sylvatic isola-
tions reported in Diallo et al. (2003). Numbers indicate maximum values for each virus isolates to give a sense 
of scale. Yellow fever is included to show that periods of non-activity in the dengue time series is not due to a 
lack of collection activities. Panel B shows the Fourier power spectrum with 95% bootstrap con�dence inter-
vals for the aggregated dengue isolates; and panel C shows the Fourier power spectrum with 95% bootstrap 
con�dence intervals for the aggregated yellow fever isolates (note the di�erence of scale from panel B). 

For each primate-mosquito subsystem, we 
assume that each primate has a vector species 
(or this could represent distinct populations 
within a species) that is the primary source of 
bites that could transmit dengue.  We can rep-
resent the di�erent biting rates as a matrix R:

Baseline parameters are:

R =

r p1 m 1 r p2 m 1 . . . r pi m 1 . . .
r p1 m 2 r p2 m 2 . . . r pi m 2 . . .

...
r p1 m j . . . r pi m j . . .( (

Figures 2 & 3 E�ect of Demographics 
and Transmission Probabilities on 
Single Host, Single Vector Model Dy-
namics Heat maps of period of maximum 
Fourier spectra peak with corresponding 
example epidemic time series of inci-
dence (per 100,000). Figure 2 compares 
transmission probabilities (x-axis) and 
1/birth rate (y-axis), �gure 3 compares 
transmission probabilities (x-axis) and du-
ration of infection (1/recovery rate) (y-
axis). Circles indicate example time series 
on right. 

2.

3.

Figure 6 Increasing Coupling Shows In-
creasing Correlation Heat maps of correla-
tion coe�cient between human and pri-
mate species. All panels show number of 
primates on the y-axis and numbers of 
humans on the x-axis. Panel A , B and C 
show levels of coupling at 1/5th, 1/500th and 
1/1 of baseline biting rates.

Figure 5 Example Time Series with In-
creasing Coupling This �gure shows the 
e�ect of increasing coupling rates from a 
base biting rate of rh = rp = 0.5, with other 
parameters were held �xed. Baseline param-
eters as in Figure 4. 

We �nd long-period oscillations in single host 
single vector systems when the force of infec-
tion - both the transmission probabilities, b, 
and biting rates, r - are low, and other param-
eters are within a reasonable range suggested 
by the literature. 

We model coupling by adding additional host-
vector systems and �nd that with even modest 
amounts of coupling between the various host-
vector systems, epidemics synchronize and all 
species experience peaks in incidence concur-
rently. This is consistent with the small number of 
dengue virus isolates collected over the last 40 
years across several mosquito and primate spe-
cies from Senegal (see Figure 1). We notice that 
under epidemic synchrony the species with the 
highest birth rate drives the epidemic dynamics 
in regions where its value of R0 is greater than 
one. To be consistent with the observed data and 
the allometric scaling of biting and birth rates we 
draw the conclusion that a smaller species with 
higher birth rate has a smaller probability of 
transmission (and therefore force of infection) 
than a larger species with a lower birth rate. If this 
was not the case, higher frequency and unsyn-
chronized isolations would be seen.
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Isolations Indicated
by Diallo et al. (2003)

year

D
engue Isolates

Yellow
 Fever Isolates

period (years) period (years)

1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004 2008

Aegypti
Furcifer

Furcifer-Taylori
Luteocephalus

Taylori
Taylori Males

 Erythrocebus Patas
Human

30

1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004 2008

Aegypti
Aethiops
Africanus

Furcifer
Furcifer Males

Furcifer-Taylori
Furcifer-Taylori Males

Luteocephalus
Metallicus

Neoafricanus
Taylori

Vittatus

Erythrocebus Patas
Human
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A

1/µ h = 60, 1 /µ p = 15, 1 / γh = 1 / γp = 4,

cj = 0 .05, rm 1 h = rm 2 p = 0 .5,  and Nm j = 25000.

1 1 2 2bhm = bm  h = bpm = bm  p = 0 .3,


