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Chagasi disease is a human health problem in Latin America. It is highly prevalent in northern Chile
between the Arica-Parinacota and Coquimbo regions, with reported incidence of 3-11/100000 inhabi-
tants and mortality of 0.3-0.4/100000. The interruption of vector transmission was reported in 1999 by
means of the elimination of the primary vector, Triatoma infestans, from human dwellings, thus the epi-
demiologic dynamics of this disease should be modified. Here we model the dynamics of Chagasi disease
based on previous models for vector and congenital transmission, propose a model that includes both
transmission forms and perform simulations. We derive useful relationships for the reproductive number
(Ro) showing that it may be expressed as the sum of the vector (Roy) and congenital (Roc) contributions.
The vector contribution is larger than the congenital one; without the former Chagasi disease vanishes
exponentially in two to three generations. Sensitivity analyses showed that the main parameters that
intervene are the human bite rate, the density of vectors per human and the mortality rate of the insect
vectors. Our model showed that the success of the eradication of Chagasi disease is based on the inter-
ruption of domestic transmission. Once this is obtained, the control strategies should focus on avoiding
the domiciliation of wild vectors, re-colonization by the primary vector, and an adequate coverage of
congenital case treatment.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction habitants, and the mortality is about 0.3-0.4/100000 (MINSAL,

2014).

Chagasi disease is one of the most important neglected dis-
eases affecting Latin America, considered recently as an emergent
disease in America and some countries of Europe (Jackson et al.,
2009; MINSAL, 2014). Annual incidence varies between 28000 and
56000 cases (OPS/OMS, 2012) and the mortality between 10000
and 14000 annually (Hotez et al., 2008, 2012), affecting 6-11 mil-
lion individuals (Cucunuba et al., 2016) with 65-100 million people
at risk (Fuentes et al., 2012; MINSAL, 2014). The endemic area in
Chile extends between the Arica-Parinacota (18°30’S) and Liber-
tador Bernardo OiHiggins (34°36'S) regions, with 873,415 people
at risk. Annual incidence varies between 3/100000 and 11/100000
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Chagasi disease is produced by the protozoan Trypanosoma cruzi,
transmitted by blood-sucking bugs of the Triatominae subfamily
(Hemiptera: Reduviidae) (Lent and Wygodzinsky, 1979; Schofield,
1994; Carcavallo et al., 1998; Schofield and Galvdo, 2009). There
are four species in Chile: Triatoma infestans, Mepraia spinolai, M.
gajardoi and M. parapatrica; T. infestans is the domiciliary vector
(Shenone et al., 1980, 1989; Apt and Reyes, 1986a,b, 1990; Canals
et al,, 1991a,b, 1992; Ehrenfeld et al., 1998; Botto-Mahan et al.,
2002, 2005a,b) and the main species responsible for the prevalence
in this country and some others of South America (Canals et al.,
1993, 1998, 1999; Ordenes et al., 1996). There are other forms of
transmission such as congenital, oral, organ transplantation and
accidental laboratory exposure (Da Silva et al., 1968; Nébrega et al.,
2009; Apt et al., 2008a,b; MINSAL, 2014). However, Uruguay since
1997, Chile since 1999 and Brazil since 2006 have been recognized
as countries that eliminated vector transmission of Chagasi disease
(Raimundo et al.,2010; MINSAL, 2014) which was a consequence of
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efficient eradication campaigns of the domiciliary vector (Telleria
and Tibayrenc 2010; Razzi et al., 2010, 2012).

The epidemiological dynamics of Chagasi disease should be
changing in these countries from vector to congenital transmis-
sion as a consequence of T. infestans elimination, and impacting the
reproductive number (Ry) of this disease (Massad, 2008; Raimundo
et al,, 2010; Cordovez et al., 2014).

Mathematical models have the potential to demonstrate
dynamic changes that occasionally may be complex. These mod-
els, coupled to the dialog with decision-makers may be a great
contribution in the approach to the prevention and control of dis-
eases (Heesterbeek et al., 2015). For Chagasi disease several models
considering diverse topics have been developed, contributing to
address control measures (Nouvellet et al., 2015). These models
consider vector transmission, congenital transmission, chronic-
ity, domestic and wild transmission and migration, among others
(Rabinovich and Rossell, 1978; Canals and Cattan, 1992; Inaba
and Sekine, 2004; Cherif et al., 2008; Das et al., 2009; Raimundo
et al., 2010; Spagnuolo et al., 2011; Rascalou et al., 2012; Coffield
et al, 2013; Gonzalez-Parra et al., 2015; Peterson et al., 2015). The
goal of this study was to model the transition from a vector to a
congenital transmission of Chagasi disease appropriate for Chile,
simulating the dynamics and deriving simple and useful relation-
ships to understand the process and to implement appropriate
control measures.

2. Modeling

The model is based on the integration of two previous models
of Chagasi disease transmission; the first for vector transmission
(Canals and Cattan, 1992) and the second for congenital transmis-
sion (Raimundo et al., 2010).

Three interacting populations were considered: the human pop-
ulation (males and females), the populations of domestic and wild
animals that constitute the reservoir and the population of T.
infestans, because the wild vectors have little importance in Chile
(Canalsetal., 1993, 1998, 1999). The female human population was
divided into the following compartments: susceptible adults (Sg),
susceptible children (S;), infected female children born to chaga-
sic mothers (1), untreated and infected female children (Ir,) and
infected women (Ir). The equivalent compartments in males were:
Sm» Sm» Im1, Imz and Iy;. For animal (A) and vector (V) populations,
infected (I4 and Iy. respectively) and susceptible (A —1I4 and V -1y,
respectively) compartments were considered. The flow diagram of
the transmission of Chagas disease is shown in Fig. 1. The following
parameters were considered: probability of a chagasic individual
reaching and reproduce at reproductive age (m), transfer rate of
female children to reproductive age (o), transfer rate of male chil-
dren to reproductive age (o), mortality rates of humans, vectors
and animals (u, vy and ug, respectively), birth rate of suscepti-
ble and infected humans (A and Af), proportion of females in the
population (k), probability of chagasic children born to chagasic
mothers (p), treatment rate (¢), proportion of male and female chil-
dren treated (1, q), specific mortality rate of Chagas’ disease in adults
(aq), specific mortality rate in children (o), bite rates in humans
(by) and animals (bg), proportion of infectious bites by an infected
vector (f), proportion of potentially infectious bites that a suscepti-
ble vector makes on aninfected host (fi), carrying capacity of vectors
in humans (K), intrinsic growth rate of the vector population (ry)
and the ratio between the animal reservoir biomass and human
biomass (v).

Based on Fig. 1, the dynamics of the vector and congenital
transmission were formalized by a system of ordinary differential-
algebraic equations. For human populations, males and females,
following Raimundo et al. (2009) we consider three transitional

stages: newborn pre-vaccine, children growing up and adults. In
the case of susceptible humans the first stage makes no sense and
was not included. The sub-indexes (mq,my) and (fy, f>) indicate
transitional stages from birth to the reproductive age in males and
females, respectively. For these compartments the equations are:

di bulyS1
gt =Ml = (n+ o)+ =
dlp R
‘Tft = AkplF — (1 + &) Ipq
d b
% =1 =) *(m0+}k+a2)1f2+%
dS < s
T{ :)\.k(] —p)IF +)\-k51:+§q1f1 _(M+U)Sf _ %
dSr bpfly Sk
E = USf - M‘SF - T
d 5 buflyS
dfll\-/l :(mU)ImZ—(,lL-l-O{])IM_Q_W
dl, R
3t =+ =K)plF = (1 + ) Im
d]m2

Bz — £ (1= 1)y — (MG + 4 012) Iz + 2 m1
En =) (1= k)1 = p)Ir +A(1 = K)Sp + {rhmt — (14 +G) Sm —
bhﬂlél/sm

ds N bpfly S,

For the insect vector population we consider a population
increasing to its carrying capacity and for the animal reservoir a
population proportional to the human population

dv _ ryV(K(A+N)-V)
dt ~ K(A+N)

A=VN

With these assumptions the
V*=K(A+N)=K(1 +V)N:

For the infected fraction of insects and animals the equations
are:
dls  bafly (A= Iy)

E = A p“alA

carrying capacity is

dt
The total human population and the infected fraction will be,
respectively:

d bufl baf1
dly _ (L,f;h +#)(v—lv)—wlv

N =If+1Ir1 + 1 +Sp + 5S¢ + Im + Im1 + Im2 +Sm + Sm

In=1Ir+Ir1 + 12 + Iy +I;m1 +1m2

And the population will increase following:

AN = M+ ASp — uN — oy (Ir +Iv) — a2 (Imz +1f2)

If there are no infections, considering a birth rate I"=AN, the
population free of infection would reach a size N*=I"/L.

3. Methods

Two methodological approaches were used. First, the model
was reduced to the simplest form collapsing by some transition
equations and considering some plausible assumptions to obtain
simple relationships of practical utility. Since the animal reservoir
was considered as proportional to the human population, assuming
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Fig. 1. Flux diagram of the vector and congenital transmission of Chagasidisease. The female human population was divided into the following compartments: susceptible
adults (Sf), susceptible children (Sy), infected female children born to chagasic mothers (If; ), untreated and infected female children (Ir;) and infected women (If). The
equivalent compartments in males were: Sy, Sm, Im1, Im2 and Iy. For animal (A) and vector (V) populations, infected (I4 and Iy. respectively) and susceptible (S4 and Sy,
respectively) compartments were considered. Lines in bold show the vector contacts, the broad gray lines the congenital route, and the fine gray lines the internal transitions.
The vectorial mediated transitions are indicated by “b” parameters. All parameters as in the text.

that the insect vector is a generalist species without host prefer-
ences and then assuming that the human and animal bite rates are
the same (by, =b, =b) the equation that represents the evolution of
infected vectors may be expressed as a function of the human popu-
lation and the parameter of proportionality (v). Considering that the
compartments Irq, Iz, Iim1, Im2 are transition stages of the same pop-
ulation that end in the infected adult female and male populations,
assuming that during these transition stages the parameters are
maintained constant and the same for males and females without
lags induced by the different reproductive age, and that there are
no changes in the bite rate, a single equation for infected humans
(I,) was formulated. From this reduced model Ry was obtained by
the next generation matrix (M), a matrix whose elements Mij are
the expected number of new cases with state at infection i, gen-
erated by one individual who has just been introduced in state at
infection j (Diekmann and Heesterbeek 2010; Van Den Driessche
and Watmough 2002; Diekmann et al., 2010). The formation of the
operator (M) involves determining two compartments, infected
(F) and non-infected (V), where Mg = FV-! from the model and Ry is
given by the spectral radius (dominant eigenvalue) of the matrix
Fv-1(Diekmann and Heesterbeek 2010; Van Den Driessche and
Watmough 2002; Diekmann et al., 2010). Then a sensitivity analy-
sis was performed, obtaining the elasticities of Ry with respect to

the parameters of interest (0): gy = 3’;3520 = %(Shah and Gupta,
2013; Canals etal.,2015). The elasticity represents the proportional
variation of Ry caused by small proportional variations of 6.

In a second approach, simulations were performed for different
values of Rg: 1.52; 1.07; 0.70; 0.41 as the result of variations of the
bite rate or the density of insect vectors and with Ry =0.04, which
corresponds to congenital transmission only (by, =0, or equivalently
d=0).The equations of the complete model were integrated numer-

ically by Euleris method (Runge-Kutta of first order), which offers
good resolution considering that dt=1 day and the simulated time
was more than 80 years (30,000 days), programmed in EXCEL soft-
ware. The parameters used and the initial conditions are shown
in Tables 1 and 2. All simulations used an initial population of
6000 insects, of which 60 were infected, and a human population
of 1,311,000 individuals with 308,000 infected, distributed as in
Table 2.

4. Results

In the reduced model the dynamics of infected compartments
may be represented by:

dly /dt = Yl — (0 + o)l + bfly(N — I)/N
dly /dt = (14 v)bf'In(V —Iy)/N — uyly

where ¥ = Aimp(1 — q)k corresponds to the recruitment rate of con-
genital patients. In this model Ir = kI, infected women have a birth
rate Af, but to contribute to the adult infected population the pro-
portion should be chagasic (p), they should survive and reproduce
at the reproductive age (m) and not be treated (1 — q). Thus ¥ rep-
resents the contribution to congenital Chagasi disease. The vector
contribution comes from the infected bite rate that produces Iy
infected vectors in a proportion (N — Ih)/N of susceptible humans,
while (V—1y) susceptible triatomines make (1 +v)bfi potentially
infectious bites on I,/N infected humans.

If there is no vector transmission (i.e. b=0), the condition
for the existence of Chagas’ disease is that: dl;/dt>0, that is
Yl — (u+ o)l >0 or equivalently Rye = % > 1.
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Parameter values used in simulations. The references from which the values were estimated are [1] Canals et al. (1991a,b); [2]; Canals et al. (1993); [3] Canals et al. (2016),
[4] Canals and Cattan (1992); [5] Raimundo et al., (2009); [6] Canals et al., (1998); [7] Canals et al. (1999); [8] Rabinovich and Rossell (1978). [*] represents estimations based
on Chilean data estimated for this paper.

Parameter Definition Value Method Based on

nh Human death rate 0.0000457 days~! Based on life expectancy [*]

Ly Vector death rate 0.008 days~! From cohort studies [1-3]

Ha Animal death rate 0.00091 days~! Assuming 3 years of life expectancy [4]

A Human birth rate 0.00015days™! Based on the increase of Chilean population [*]

M Human birth rate of chagasic mothers 0.00015days™! Based on reference [5]

o Transfer rate of girls to reproductive status 0.000183 days™! Based on Chilean data of reproductive age [*]

oi Transfer rate of boys to reproductive status 0.000137 days~! Based on Chilean data of reproductive age [*]

m Probability that sexually immature female chagasic 0.9 Based on reference [5]

children become pregnant

K Proportion of females 0.5 Usual value [*]

p Proportion of chagasic children born to chagasic 0.1 Based on reference [5]

mothers

Is Treatment rate 0.000274 days ™! Based on reference [5]

qr Proportion of treated male and female children 0.5 Estimated for Chile, based on underestimation of [*]

Chagas prevalence

o Disease-related death rate of chagasic pregnant 0.0000274 days ! Based on reference [5]

women

o Disease-related death rate of untreated children 0.0000274 days™! Based on reference [5]

by Bite rate on humans variable Based on reference [6-8]

bq Bite rate on animals 0.0754 days™! Based on reference [8]

f Proportion of infectious bites produced by infected 0.1 Based on reference [8]

vectors

fi Proportion of infectious bites from the bite on infected 0.1 Based on reference [1]

host

K Carrying capacity per human or animal 50 Based on previous plausible estimations [1]

v Number of animals per human 0.2 Approximate value [*]

Ty Intrinsic rate of increase of vector population 0.014423 Based on reference [1]
Table 2 Now, if we consider both vector and congenital transmis-
Initial conditions for simulations. 1/’ bf

I 275000 sion, the next generation matrix is: Mg= | (1 + v)bf'Vx 0

I 8250

Iy 8250 1 W bf

Sk 500000 — —_—

s 1500 Hntao - pta , whose first eigenvalue

1 (1 + v)bf'V«

Imi 8250 0 — A B

T2 8250 v (1 + )N o .

S 1500 (t) comes from the solution of the characteristic equation:

Im 0

2
Sum 500000 2 (1 +v)b3ff'dx —0. t= _v
Hto (1 + o)y 2(pn+a)
oty + G
On Fhe other hand, if congenital transmission does not exist the 2 + @) (L + )iy )
model is reduced to:
The condition of persistence of Chagas disease is t> 1, yielding:
dlp/dt = —(pu + el + bfly(N —I,)/N
9
dlv/dt=(1 +U)bf/1h(vflv)/Nfl,Lvlv 1 2fF
+ v)b*ff'dx
ROZ( ) ff + w =Roy + Roc > 1.

whose next generation matrix (Mg) is:

1

(n+ )y

n+a

Thus the reproductive number of the system with vector and
congenital transmission may be expressed as the sum of the repro-
ductive numbers of the systems with only congenital transmission
and only vector transmission.

The reproductive number Ry showed greater sensitivity to the

bf 0
_ +o
Mg =FV™" | (14 v)bf'Vx ak =

0 1

Nx 0 —

Hv
0 bf
1237

(14 v)bf'Vx
(0 + )N

The first Eigenvalue (equivalent to the reproductive number)

is Roy = %, where V* and N* represent the equilibrium

populations free of the disease of the vector and humans, and
d*=V*/N* (=(K(1+v))/(A/iu)=k(1+v)u/A) corresponds to the equi-
librium density of insect vectors per human.

variations of bite rates and vector densities than variations in mor-
tality rates of vectors and recruitment rate of congenital patients
(Figs. 2 and 3). The sensitivity of Ry increases greatly with small
variations of the bite rate (b) and density of vector insects (d)
quickly reaching unity. Also the mortality rate of the vector reaches
a value close to one with the usual values of vector mortality in
Chile (see Table 1). Congenital recruitment also reaches high val-
ues of sensitivity but only at high values of . The sensitivity to
human mortality may be high only at low mortality values and the
effect of the reservoir (v) only at very high values. The decrease
of vector density or equivalently of the bite rate had a clear effect
on Ry (Table 3) with consequences on Chagasi disease dynamics.
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Fig. 2. Variation of elasticities of the bite rate (¢}), of the animal reservoir (¢,) and

of insect density (&4) for different values of b, v and d respectively.

Table 3

Effect of reduction of the bite rate (b,), maintaining the density of insects vector
constant (d =50 insects/humans), or the reduction of the vector density, maintaining
the bite rate constant (b, =0.0754 days~') on the reproductive number.

by (days—'); d=50 d (insects/humans); b, =0.0754  Roy Roc Ro

0.0012 0.0127 1.477 0.042 1.520
0.0010 0.0088 1.025 0.042 1.068
0.0080 0.0057 0.657 0.042 0.699
0.0060 0.0032 0369 0.042 0411
0.0000 0.0000 0.000 0.042 0.042
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The total infected compartment (I) increases at Ry values greater
than one and decreases with Ry values less than one. The inverse
behavior was shown by the susceptible compartment (Fig. 4). The
infected compartments I, I, and I;;; in general terms showed a
similar behavior. However when Ry was greater or close to one,
after a small population decrease, the Ir fraction increases to its
equilibrium value (Fig. 5). In a long-term simulation the prevalence
increases to an equilibrium value at Ry > 1, is maintained close to a
constant value at Ry =1, and decreases when RO < 1. For example at
Ry =0.04 obtained without vector transmission the prevalence falls
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Fig. 4. Evolution on time of susceptible (S), infected (I) and the prevalence of Chagas (Pv) computed as the ratio between the infected human population and the total human
population, for the initial conditions showed in Table 2 and for different reproductive numbers (Ro) (from Table 3).

to negligible values at approximately 60 years (two generations)
(Fig. 6).

5. Discussion

The model developed here was based on previous models of
Canals and Cattan (1992) for the vector and Raimundo et al. (2010)
for congenital transmission of Chagasi disease. Vector and congen-
ital are the two main mechanisms of Chagasi disease transmission
in North, Central and South America (Telleria and Tibayrenc 2010),
although in some places oral transmission has been reported (Silva
et al., 1968; Nobrega et al., 2009). This has not been reported in
Chile, thus the model accounts for the main transmission mech-
anisms. The model considers the human population, the vector
population T. infestans and the animal population that represents

the non-human reservoir. T. infestans is the domestic vector that
accounts for 99.4-99.8% of Chagasi disease in Chile (Canals et al.,
1993, 1999). In this model the possibility of colonization of human
dwellings by wild vectors once T. infestans was eradicated was not
considered. In this respect, it has been reported that M. spinolai may
be considered as in the domiciliation phase (Canals et al., 2000;
Cattan et al., 2002). Although it can survive in human dwellings
(Canals et al., 1994a,b) there are few reports of intra-domiciliary
colonies of this species (Frias-Lasserre, 2010; Botto-Mahan et al.,
2015). However, the domestic environment can be a sink popula-
tion and the dispersal of this species into houses can lead to some
level of transmission (Rascalou et al., 2012) that was not considered
in our model. The other two species have not been reported colo-
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nizing human dwellings. This model considers the animal reservoir
population as a whole, despite the great diversity of wild and peri-
domiciliary vertebrates that have been reported as infected by T.
cruzi. Several peri-domestic animals such as dogs, cats, rabbits,
horses and also several rodents in Chile, and more than 150 mam-
mal species have been described as hosts of T. cruzi in America
(Schenone et al., 1980; Rozas et al., 2005; Rozas et al., 2007). The
parameter v must be interpreted as an amplification factor of the
human reservoir produced by the presence of animal hosts acces-
sible to the insect vectors. It is a parameter difficult to estimate
because there are factors not considered such as the host prefer-
ences of the vector, a fact reported in several triatomines (Zeledon
and Rabinovich, 1984; Schenone et al., 1985; Salvatella et al., 1994;
Canals et al., 2001; Molina et al., 2004) and the different carrying
capacities that each host may support as a consequence of differ-
ences in body size or in behavior. For example several rodents and
lagomorphs, although they have small body mass, have nesting
habits that favor the access of the insect vectors, while artiodactyls,
although they have large body size, have great mobility that makes
them difficult for the bugs to access. Despite this, it may be possible
to estimate v as some function of animal biomass

Although the complete model includes 8 infected compart-
ments, it was possible to reduce it to two compartments, rescuing
the fundamentals of the whole model. Two main assumptions were
considered for this. First, the insect vectors bite humans and ani-
mals indifferently. Although this assumption is not necessarily true,
the reported bite rates on animals and humans are very similar.
For example, in T. infestans an animal bite rate of 0.0754 days~!
has been reported (Rabinovich & Rossel, 1978), optimum bite rates
of 0.1527 days~!, and critical bite rates (i.e. minimum bite rates
to allow reproduction and survival) of 0.038 days~! (Canals et al.,
1999) a and bite rate of 0.0799days~! for humans (Canals et al.,
1998, 1999). These values are also similar to those reported for
Rhodnius prolixus, between 0.089 and 0.119days~! (Rabinovich
et al., 1979). Second, the transition stages have homogeneous
behavior that may be rescued by its parameters.

The reproductive number of the reduced model includes most
of the parameters of the whole model, except those that charac-
terize the “internal” transitions (i.e. from If; to If, to I). Although
some parameters are a strong simplification of the reality it has
the virtue of providing and easy and understandable formulae for
the reproductive number, expressing it as the sum of the repro-
ductive number of the vector and congenital Chagas transmission.
From these formulae it may be seen that the existence of congeni-
tal Chagas will depend directly on the number of chagasic mothers
(kI,), the birth rate of chagasic mothers (\i), the probability of
transmission of Chagasi disease to their children (p), treatment (q)
and survival and reproduction at reproductive age (m); all param-
eters included in . It also depends inversely on the general and
Chagas-specific mortality rates (1 +a1). On the other hand, vec-
tor transmission will depend directly on the animal reservoir (v),
the proportion of infectious bites (f and fi), the vector density per
human (d) and the square of the bite rate (b?); and inversely on
(u +op) and the mortality rate of T. infestans (uy). Also in Ry we
can see that the magnitude of the contribution of vector Chagas is
much greater than the congenital one and that the most sensitive
parameters are the bite rate (b), vector density (d) and the mor-
tality rate of the vector (uy ), but operating in the opposite sense.
This suggests that the epidemiologic measures must be directed to
reduce the bite rate and the density and to increase the mortal-
ity of T. infestans. There are other recent models that yield other
expressions of Ry. For example, Peterson et al. (2015) developed a
model to simulate domestic vector-borne transmission, examining
the interaction between synanthropic animals and effect of vector
control. In this model the authors were interested in the reservoir
animal population and the effect of a death rate term accounting for
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Fig. 5. Evolution on time of infected females (Ir), and infected children; females
(Ir2) and males (Im2), for the initial conditions showed in Table 2 and for different
reproductive numbers (Ry) (from Table 3).

the vector control. They concluded that a reduction of synanthropic
animals may slow T. cruzi transmission. In our study, in which the
animal population is represented by the parameter v; the lower the
value of v, the lower the value of Ry, agreeing with Peterson et al.
(2015). Also Rascalou et al. (2012) analyzed several vector borne
diseases including Chagasi disease arriving to a general expression
for Ry. In this approach an interesting point was consider the rate
of transmission of T. cruzi composed of the finding rate, the prob-
ability of transmission per contact and the delay between meals
(inversely related to the biting rate), with the result that the find-
ing rate had no impact, but the delay between meals had similar
or even larger impact than immigrations on Ry, agreeing with our
results.
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Fig. 6. Long term evolution on time of the prevalence of Chagas (Pv) computed as
the ratio between the infected human population and the total human population
for three values of Ro.

Inall simulations a population with aninitial prevalence of 23.5%
was considered, which was a frequent value in the hyper-endemic
zones of northern Chile (Schenone et al., 1980; Apt and Reyes,
1986a,b, 1990). The maximum T. infestans population considered
was a value near the carrying capacity described for this species
(Rabinovich et al., 1978; Canals et al., 1991a,b, 1993, 1998). For
example, with these assumptions, which may be similar to those of
human settlements without disinfection, considering a critical bite
rate of 0.038 days~! (Canals et al., 1999) and a density of 20 insects
per human a Ry =5.97 is obtained, where the vector contribution is
Roy =5.92 (99.2%), a value consistent with a previous report (Canals
et al.,, 1992) and lower than the value of 7.2 reported in Colombia
where the main vector is Rhodnius prolixus (Cordovez et al., 2014).

The decrease of Ryg mediated by the decrease of the bite rate
or by the decrease of the insect density is associated with clear
changes in the dynamics of Chagasi disease. The same value of Rg
(for example Ry = 1.52) may be obtained with density d=0.0127 and
b, =0.0754, or equivalently at a bite rate of b, =0.012days~! and
d =50 (vector at carrying capacity). When the transmission chain is
broken (b, =0 orequivalently d = 0), congenital transmission cannot
be maintained over time and Chagasi disease will vanish, agreeing
with previously reported results Raimundo et al. (2010). Even if no
child is medically treated (q=r=0), the contribution of congenital
Chagas would be Ry¢ =0.084. It may be expected that cases of Cha-
gas in children will be negligible in 30 years (near one generation)
and all human cases in two to three generations.

This model shows that the key factor for the control of the
Chagasi disease is breaking the vector transmission chain, which
has been reported for Uruguay, Chile and Brazil (MINSAL, 2014;
Raimundo et al., 2010). This is particularly relevant when there is a
low number of vector species as in Chile (Botto-Mahan et al., 2010).
Once the elimination of the domestic vector is obtained, T. infes-
tans, two threats are perceived: 1) the existence of wild foci of T.
infestans, reported recently (Bacigalupo et al., 2006, 2010, 2015)
which may favor the reintroduction of this species in the domes-
tic environment and 2) the domiciliation of wild vectors (Canals
etal., 2001; Botto-Mahan et al., 2002, 2005a,b, 2010; Botto-Mahan,
2009). Domestic environments may be considered as sink popula-
tions that favor some level of transmission (Rascalou et al., 2012;
Waleckx et al., 2015a). The elimination of T.infestans and the avoid-
ance of a reintroduction of this species and the intrusion of the
wild vector is a big task that needs a clear strategy including situa-
tional analysis of eco-bio-social determinants of house infestation
and maintenance and evaluation of vector control intervention like

the eco-health intervention for Chagas disease in Yucatan, Mexico
in which the main vector is T. dimidiata (Waleckx et al., 2015b).

Once the transmission chain is broken, since no oral transmis-
sion has been reported in Chile, and since 2008 a careful control has
been implemented in blood banks (MINSAL 2014), the persistence
of Chagasi disease will depend on congenital transmission, which
may be reduced to eradication by means of increasing the propor-
tion of newborn treated (q and r). Although congenital transmission
cannot be prevented, early diagnosis allows the early treatment of
children, reaching 100% cure if the children are treated before one
year with Benznidazol or Nifurtimox (Schijman 2006; Toro et al.,
2016).

Acknowledgements

We thank Dr. Lafayette Eaton for useful comments and idiomatic
corrections. This work was funded by Fund for Science and Tech-
nology of Chile: FONDECYT 1150514.

References

Apt, W., Reyes, H., 1986a. Aspectos epidemioldgicos de la enfermedad de Chagas
en Chile. I: Distribucién geografica indices de infeccién en vectores y en
humanos. Parasitologia al Dia 10, 84-101.

Apt, W., Reyes, H., 1986b. Aspectos epidemioldgicos de la enfermedad de Chagas
en Chile. II: Infeccién en animales algunas caracteristicas especiales del
problema, el control. Parasitologia al Dia 10, 129-133.

Apt, W,, Reyes, H., 1990. Algunos aspectos de la enfermedad de Chagas en
Latinoamérica. Parasitologia al Dia 14, 23-40.

Apt, W., Heitmann, G., Jercic, M.L, Jofré, L., Muiioz C. del, V., Noemi, P., San Martin,
L, Sapunar, J., Torres, M., Zulantay, 1., 2008a. Guias clinicas de la enfermedad de
Chagas. Parte L. Introduccién y epidemiologia. Rev. Chil. Infectol. 25 (3),
189-193.

Apt, W., Heitman, 1., Jercic, MLL,, Jofré, L., Mufioz C. del, V.P., Noemi, L., San Martin,
A.M., Sapunar, J., Torres, M., Zulantay, 1., 2008b. Guias clinicas de la enfermedad
de Chagas 2006: Parte VI. Tratamiento antiparasitario de la enfermedad de
Chagas. Rev. Chil. Infectol. 25 (5), 384-389.

Bacigalupo, A, Segura, J.A., Garcia, A., Hidalgo, J., Galuppo, S., Cattan, P.E., 2006.
Primer hallazgo de vectores de la enfermedad de Chagas asociados a matorrales
silvestres en la Region Metropolitana, Chile. Rev. Med. Chile 134, 1230-1236.

Bacigalupo, A., Torres-Perez, F., Segovia, V., Garcia, A., Correa, J.P., Moreno, L., et al.,
2010. Sylvatic foci of the Chagas disease vector Triatoma infestans in Chile:
description of a new focus and challenges for control programs. Mem. Inst.
Oswaldo Cruz 105 (5), 633-641.

Bacigalupo, A., Correa, J.P., Garcia, A., Cattan, P.E., 2015. Focos silvestres de
Triatoma infestans en Latinoamérica: andlisis y perspectivas para Chile.
Parasitol. Latinoam. 64 (3), 33-42.

Botto-Mahan, C,, Cattan, P.E., Canals, M., 2002. Field test of carbon dioxide and
conspecifics as baits for Meparia spinolai, wild vector of Chagas disease. Acta
Trop. 82, 377-380.

Botto-Mahan, C,, Ortiz, S., Rozas, M., Cattan, P.E., Solari, A., 2005a. DNA evidence of
Trypanosoma cruzi in the Chilean wild vector Mepraia spinolai (Hemiptera:
reduviidae). Mem. Inst. Oswaldo Cruz. 100, 237-239.

Botto-Mahan, C,, Cattan, P.E., Canals, M., Acufia, M., 2005b. Seasonal variation in
the home range and host availability of the blood-sucking insect Mepraia
spinolai in wild environment. Acta Trop. 95, 160-163.

Botto-Mahan, C., Campos, R., Acuna-Retamar, M., Coronado, X., Cattan, P.E., Solari,
A., 2010. Temporal variation of Trypanosoma cruzi infection in native
mammals in Chile. Vector-Borne Zoonotic Dis. 10, 317-319.

Botto-Mahan, C,, Correa, ].P., Bacigalupo, A., Campos-Soto, R., Cattan, P.E., Solari, A.,
2015. Ecologia de los triatominos silvestres endémicos de Chile. Parasitol.
Latinoam. 64 (3), 17-24.

Botto-Mahan, C., 2009. Trypanosoma cruzi induces life-history trait changes in the
wild kissing bug Mepraia spinolai: implications for parasite transmission.
Vector-Borne Zoonotic Dis. 9, 505-510.

Canals, M., Cattan, P.E., 1992. Dinamica de transmision de la infeccion de la
infeccién chagasica en Chile: Modelo y simulacién. Rev. Med. Chile 120 (12),
1359-1365.

Canals, M., Cattan, P.E., Valderas, J., Solis, R., 1991a. Biologia de poblaciones de
Triatoma infestans: Fluctuaciones de la mortalidad y fertilidad. Rev. Med. Chile
119 (9), 979-983.

Canals, M., Cattan, P.E., Valderas, J., Solis, R., 1991b. Efectos poblacionales de
fluctuaciones de mortalidad y fecundidad en Triatoma infestans: Simulacién
mediante matrices de Leslie. Rev. Med Chile 119 (11), 1239-1242.

Canals, M., Cattan, P.E., Ehrenfeld, M., Torres, P., 1992. Poblaciones experimentales
de T. infestans: efectos de condiciones ambientales variables. Parasitologia al
Dia 16 (3-4), 72-77.

Canals, M., Cattan, P.E., Ehrenfeld, M., 1993. Algunas estimaciones numeéricas de la
importancia epidemiolégica de los vectores de la enfermedad de Chagas en
Chile. Parasitologia al Dia 17, 79-86.


http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0005
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0010
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0015
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0020
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0025
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0030
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0035
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0040
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0045
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0050
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0055
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0060
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0065
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0065
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0065
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0065
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0065
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0065
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0065
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0065
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0065
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0065
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0065
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0065
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0065
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0065
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0065
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0070
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0075
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0080
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0085
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0090
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0095

M. Canals et al. / BioSystems 156-157 (2017) 63-71 71

Canals, M., Cattan, P.E., Ehrenfeld, M., 1994a. Dinamica comparada de cohortes de
T. infestans en ambiente habitacional. Rev. Med. Chile 122 (9), 993-997.

Canals, M., Cattan, P.E., Ehrenfeld, M., 1994b. Sobrevivencia de Triatoma spinolai en
ambiente habitacional. Parasitologia al Dia 18 (3), 82-87.

Canals, M., Ehrenfeld, M., Solis, R., Cruzat, L., Pinochet, A., Tapia, C., Cattan, P.E.,
1998. Biologia comparada de Mepraia Spinolai en condiciones de laboratorio y
terreno: cinco afios de estudio. Parasitologia al Dia 22, 72-78.

Canals, M., Bustamante, R.O., Ehrenfeld, M., Cattan, P.E., 1999. Assesing The impact
of insect vectors on animal populations. Acta Biotheor. 46, 337-345.

Canals, M., Ehrenfeld, M., Cattan, P.E., 2000. Situacién de Mepraia Spinolai, vector
silvestre de la enfermedad de Chagas en Chile, en relacién con otros vectores,
desde la perspectiva de sus fuentes de alimentacién. Ver. Med. Chile 128,
1108-1112.

Canals, M., Cruzat, L., Ehrenfeld, M., Molina, M.C,, Ferreira, A., Cattan, P.E., 2001.
Blood sources of Mepraia spinolai (Hemiptera Reduviidae), wild vector of
Chagas’s disease in Chile. J. Med. Entomol. 38 (2), 303-307.

Canals, M., Scortti, M., Canals, A., Cattan, P.E., 2015. Monte Carlo simulation of
Rabies vaccination in a canid population. Parasitol. Latinoam. 64 (2), 32-41.

Canals, M., Alvarado, S., Caceres, D., Cattan, P.E., 2016. Twenty years of monitoring
of mortality and fecundity of Triatoma infestans in the laboratory. Parasitol.
Latinoam. 65 (2), 54-60.

Carcavallo, R.U,, Galindez, 1, Jurberg, J., Lent, H., 1998. Atlas of Chagasidisease
Vectors in the Americas. Rio de Janeiro, Editora FIOCRUZ.

Cattan, P.E., Pinochet, C., Botto-Mahan, C., Acuiia, M.1,, Canals, M., 2002. Abundance
of Mepraia spinolai in a periurban zone of Chile. Mem. Inst. Oswaldo Cruz 97
(3), 285-287.

Cherif, A., Garcia, V., Meléndez, G., Feliciano, W., Crawford, B., Vega, ]., Sdnchez, F.,
Kribs-Zaleta, C., 2008. A Tale of Two Regions: A Mathematical Model of Chagas
Disease. Arizona State University, MTBI-05-06M.

Coffield Jr., D.J., Spagnuollo, A.M., Shillor, M., Mema, E., Pell, B., et al., 2013. A model
for chagas disease with oral and congenital transmission. PLoS One 8 (6),
e67267, http://dx.doi.org/10.1371/journal.pone.

Cordovez, .M., Rendon, L.M., Gonzalez, C., Guhl, F., 2014. Using the basic
reproduction number to assess the effects of climate change in the risk of
Chagas disease transmission in Colombia. Acta Trop. 129, 74-82.

Cucunubd, Z.M., Okuwoga, O., Basafiez, M.G., Nouvellet, P., 2016. Increased
mortality attributed to Chagas disease: a systematic review and meta-analysis.
Parasites Vectors 9, 42, http://dx.doi.org/10.1186/s13071-016-1315-x.

Da Silva, N.N,, Clausell, D.T., Nolibos, H., de Mello, A.L.,, Ossanali, J., Raponte, T., Snell,
T., 1968. Surto epidémico da doenga de Chagas com provavel contaminagdo
oral. Rev. Inst. Med. Trop. Sao Paulo. 10 (5), 265-276.

Das, K., Poddar, B.P., Mukherjee, D., 2009. Persistence aspects of an epidemic model
of chagas disease. Tamsui Oxf. ]. Math. Sci. 25 (3), 301-311.

Diekmann, O., Heesterbeek, ].A.P., 2010. Mathematical Epidemiology of Infectious
Diseases: Model Building, Analysisand Interpretation. Wiley, New York.

Diekmann, O., Heesterbeek, ].A.P., Roberts, M.G., 2010. The construction of
next-generation matrices for compartmental epidemic models. J. R. Soc.
Interfaces 7, 873-885.

Ehrenfeld, M., Canals, M., Cattan, P.E., 1998. Population parameters of Triatoma
spinolai under different environmental conditions and densities. J. Med.
Entomol. 35 (5), 740-744.

Frias-Lasserre, D., 2010. A new species and karyotype variation in the bordering
distribution of Mepraia spinolai (Porter) and Mepraia gajardoi frias et al
(Hemiptera: Reduviidae: Triatominae) in Chile and its parapatric model of
speciation. Neotrop. Entomol. 39 (4), 572-583.

Fuentes, R., Maturana, M., De la Cruz, R., 2012. Eficacia de Nifurtimox para el
tratamiento de pacientes con enfermedad de Chagas crénico. Rev. Chil.
Infectol. 29 (1), 82-86.

Gonzadlez-Parra, G., Chen-Charpentier, B.M., Bermtdez, M., 2015. Modeling Chagas
disease at population level to explain Venezuelais real data. Osong. Public
Health Res. Perspect. 6 (5), 288-301.

Heesterbeek, H., Anderson, R.M., Andreasen, V., Bansal, S., De Angelis, D., Dye, C.,
et al,, 2015. Modeling infectious disease dynamics in the complex landscape of
global health. Science 347, 1-10, aaa4339.

Hotez, P.J., Bottazzi, M.E., Franco-Paredes, C., Ault, S., Periago, M.R., 2008. The
neglected tropical diseases of Latin America and the Caribbean: a review of
disease burden and distribution and a roadmap for control and elimination.
PLoS Negl. Trop. Dis. 2, e300, http://dx.doi.org/10.1371/journal.pntd.0000300.

Hotez, P.J., Dumonteil, E., Woc-Colburn, L., Serpa, ].A., Bezek, S., Edwards, M.S.,
Hallmark, C.J., Musselwhite, LW., Flink, B.J., Bottazzi, M.E., 2012. Chagas
disease: the new HIV/AIDS of the americas. PLoS Negl. Trop. Dis. 6 (5), 1498,
http://dx.doi.org/10.1371/journal.pntd.0001498.

Inaba, H., Sekine, H., 2004. A mathematical model for Chagas disease with
infection-age-dependent infectivity. Math. Biosci. 190, 39-69.

Jackson, Y., Angheben, A., Carrilero Fernandez, B., Jansa i Lopez del Vallado, J.M.,
Jannin, J.G., Albajar-Vinas, P., 2009. Management of chagas disease in europe.
experiences and challenges in Spain: Switzerland and Italy. Bull. Soc. Pathol.
Exot. 102, 326-329.

Lent, H., Wygodzinsky, P., 1979. Revision of the Triatominae (Hemiptera,
Reduviidae), and their significance as vectors of Chagas disease. Bull. Am. Mus.
Nat. Hist. 163, 163-520.

MINSAL, 2014. Norma general técnica. Control y prevencién nacional de la
enfermedad de Chagas. Ministerio de Salud de Chile, Febrero.

Massad, E., 2008. The elimination of Chagas disease from Brazil. Epidemiol. Infect.
136, 1153-1164.

Molina, M.C,, Cattan, P.E., Canals, M., Cruzat, L., Aguillon, ].C., Ferreira, A., 2004. A
simple immunometric assay to asses the feeding habits of Mepraia spinolai, a
Tripanosoma cruzi vector. Parasitol. Res. 92, 375-379.

Nébrega, A.A., Garcia, M.H., Tatto, E., Obara, M.T., Costa, E., Sobel, J., 2009. Oral
transmission of Chagas diseaseby consumption of acai palm fruit, Brazil.
Emerg. Infect. Dis. 15 (4), 653-655.

Nouvellet, P., Cucunuba, Z.M., Gourbiere, S., 2015. Ecology, evolution and control of
Chagas disease: a century of neglected modelling and a promising future. Adv.
Parasitol. 87, 135-191.

OPS/OMS, 2012. Enfermedad de Chagas (Trypanosomiasis Americana). Julio.

http://new.paho.org/hq/index.php?option=com_content&view=category&layout=

blog&id=3591&Itemid=3921&lang=es.

Ordenes, H., Ehrenfeld, M., Cattan, P.E., Canals, M., 1996. Infeccion
tripano-triatomina de Triatoma spinolai en una zona de riesgo epidemiolégico.
Rev. Med. Chile 124, 1053-1057.

Peterson, ].K., Bartsch, S.M., Lee, B.Y., Dobson, A.P., 2015. Broad patterns in
domestic vector-borne Trypanosoma cruzi transmission dynamics:
synanthropic animals and vector control. Parasites Vectors 8, 537.

Rabinovich, J.E., Rossell, O., 1978. Mathematical models and ecology of
Chagasidisease. PAHO Sci. Pub. 318, 359-369.

Rabinovich, J.E., Leal, ].A., Feliciangeli, D., 1979. Domiciliary biting frequency and
blood ingestion of the Chagas’ disease vector Rhodnius prolixus Stal in
Venezuela. Trans. R. Soc. Trop. Med. Hyg. 73, 272-283.

Raimundo, S.M., Massad, E., Yang, H.M., 2010. Modelling congenital transmission
of Chagas, disease. Biosystems 99, 215-222.

Rascalou, G., Pontier, D., Menu, F., Gourbiere, S., 2012. Emergence and prevalence
of human vector-borne diseases in sink vector populations. PLoS One 7 (5),
e36858.

Rozas, M., Botto-Mahan, C., Coronado, X., Ortiz, S., Cattan, P., Solari, A., 2005.
Trypanosoma cruzi infection in wild mammals from a Chagasic area of Chile.
Am. ]. Trop. Med. Hyg. 73, 517-519.

Rozas, M., Botto-Mahan, C., Coronado, X., Ortiz, S., Cattan, P.E., Solari, A., 2007.
Co-existence of Trypanosoma cruzi genotypes in wild and peridomestic
mammals in Chile. Am. ]. Trop. Med. Hyg. 77, 647-653.

Salvatella, R., Calegari, L., Puime, A., Basmadjian, Y., Rosa, R., Guerrero, ., Martinez,
M., Mendaro, G., Briano, D., Montero, D., Wisnivesky-Colli, C., 1994. Perfil
alimentario de Triatoma rubrovaria (Blanchard) (Hemiptera Triatominae) en
ambitos peridomiciliarios de una localidad rural de Uruguay. Rev. Inst. Med.
Trop. Sao Paulo 36, 311-320.

Schenone, H., Villarroel, F., Rojas, A., Alfaro, E., 1980. Factores bioldgicos y
ecoldgicos en la epidemiologia de la enfermedad de Chagas en Chile. Bol. Chil.
Parasitol. 35, 42-54.

Schenone, H., Christensen, H.A., De Vesquez, A.M., 1985. Fuentes de alimentacion
de triatomas domésticos y su implicancia epidemioldgica en relacion a la
enfermedad de Chagas en éreas rurales de siete regiones de Chile. Bol. Chil.
Parasitol. 40, 34-38.

Schijman, A.G., 2006. Congenital Chagas disease. Perspect. Med. Virol. 13, 223-258.

Schofield, CJ., Galvdo, C., 2009. Classification, evolution, and species groups within
the Triatominae. Acta Trop. 110, 88-100.

Schofield, CJ., 1994. Triatominae: Biologia y control, vol. 1994. Eurocommunica
Publications, West Sussex.

Shah, N.H., Gupta, ]., 2013. SEIR model and simulation for vector borne diseases.
Appl. Math. 4, 13-17.

Spagnuolo, A.M.,, Shillor, M., Stryker, G.A., 2011. A model for Chagas disease with
controlled spraying. ]. Biol. Dyn. 5 (4), 299-317.

Telleria, J., Tibayrenc, M., 2010. American Trypanosomiasis Chagas Disease. One
Hundred Years of Research. Elsevier, Amsterdam.

Toro, B., Vega, V., Zulantay, ., Apt, W., 2016. Presente y futuro en el tratamiento de
la enfermedad de Chagas. Parasitol. Latinoam. 65 (2), 49-53.

Van Den Driessche, P., Watmough, J., 2002. Reproduction numbers and
sub-threshold endemic equilibria for compartmental models of disease
transmission. Math. Biosci. 180, 29-48.

Waleckx, E., Gourbiere, S., Dumontiel, E., 2015a. Intrusive versus domiciliated
triatomines and the challenge of adapting vector control practices against
Chagas disease. Mem. Inst. Oswaldo Cruz 110 (3), 324-338.

Waleckx, E., Camara-Mejia, J., Ramirez-Sierra, M.J., Cruz-Chan, V., Rosado-Vallado,
M., Vasquez-Narvaez, S., Najera-Vasquez, R., Gourbiere, S., Dumontiel, E.,
2015b. An innovative ecohealth intervention for Chagas disease vector control
in Yucatan, Mexico. Trans. R. Soc. Trop. Med. Hyg. 109, 143-149.

Zeledon, R., Rabinovich, J.E., 1984. Chagasis disease: an ecological appraisal with
special emphasis on its insect vectors. Ann. Rev. Entomol. 26, 101-133.


http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0100
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0105
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0105
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0105
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0105
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0105
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0105
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0105
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0105
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0105
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0105
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0105
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0105
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0105
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0105
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0105
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0110
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0115
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0115
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0115
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0115
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0115
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0115
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0115
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0115
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0115
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0115
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0115
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0115
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0115
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0115
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0115
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0120
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0125
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0130
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0135
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0140
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0140
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0140
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0140
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0140
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0140
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0140
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0140
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0140
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0140
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0140
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0140
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0140
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0140
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0145
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0150
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0150
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0150
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0150
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0150
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0150
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0150
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0150
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0150
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0150
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0150
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0150
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0150
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0150
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0150
dx.doi.org/10.1371/journal.pone
dx.doi.org/10.1371/journal.pone
dx.doi.org/10.1371/journal.pone
dx.doi.org/10.1371/journal.pone
dx.doi.org/10.1371/journal.pone
dx.doi.org/10.1371/journal.pone
dx.doi.org/10.1371/journal.pone
dx.doi.org/10.1371/journal.pone
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0160
dx.doi.org/10.1186/s13071-016-1315-x
dx.doi.org/10.1186/s13071-016-1315-x
dx.doi.org/10.1186/s13071-016-1315-x
dx.doi.org/10.1186/s13071-016-1315-x
dx.doi.org/10.1186/s13071-016-1315-x
dx.doi.org/10.1186/s13071-016-1315-x
dx.doi.org/10.1186/s13071-016-1315-x
dx.doi.org/10.1186/s13071-016-1315-x
dx.doi.org/10.1186/s13071-016-1315-x
dx.doi.org/10.1186/s13071-016-1315-x
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0170
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0175
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0180
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0180
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0180
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0180
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0180
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0180
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0180
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0180
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0180
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0180
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0180
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0180
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0185
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0190
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0195
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0200
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0205
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0210
dx.doi.org/10.1371/journal.pntd.0000300
dx.doi.org/10.1371/journal.pntd.0000300
dx.doi.org/10.1371/journal.pntd.0000300
dx.doi.org/10.1371/journal.pntd.0000300
dx.doi.org/10.1371/journal.pntd.0000300
dx.doi.org/10.1371/journal.pntd.0000300
dx.doi.org/10.1371/journal.pntd.0000300
dx.doi.org/10.1371/journal.pntd.0000300
dx.doi.org/10.1371/journal.pntd.0000300
dx.doi.org/10.1371/journal.pntd.0001498
dx.doi.org/10.1371/journal.pntd.0001498
dx.doi.org/10.1371/journal.pntd.0001498
dx.doi.org/10.1371/journal.pntd.0001498
dx.doi.org/10.1371/journal.pntd.0001498
dx.doi.org/10.1371/journal.pntd.0001498
dx.doi.org/10.1371/journal.pntd.0001498
dx.doi.org/10.1371/journal.pntd.0001498
dx.doi.org/10.1371/journal.pntd.0001498
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0225
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0225
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0225
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0225
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0225
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0225
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0225
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0225
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0225
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0225
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0225
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0225
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0225
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0225
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0225
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0230
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0235
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0240
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0245
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0245
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0245
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0245
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0245
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0245
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0245
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0245
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0245
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0245
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0245
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0245
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0245
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0250
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0255
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0260
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0270
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0275
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0280
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0280
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0280
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0280
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0280
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0280
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0280
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0280
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0280
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0280
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0280
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0280
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0280
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0280
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0280
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0285
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0290
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0290
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0290
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0290
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0290
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0290
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0290
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0290
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0290
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0290
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0290
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0295
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0300
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0305
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0310
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0315
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0320
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0325
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0325
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0325
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0325
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0325
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0325
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0325
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0325
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0325
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0325
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0330
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0330
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0330
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0330
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0330
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0330
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0330
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0330
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0330
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0330
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0330
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0330
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0330
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0330
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0335
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0335
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0335
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0335
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0335
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0335
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0335
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0335
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0335
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0335
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0340
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0340
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0340
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0340
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0340
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0340
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0340
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0340
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0340
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0340
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0340
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0340
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0340
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0340
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0345
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0350
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0350
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0350
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0350
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0350
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0350
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0350
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0350
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0350
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0350
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0350
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0355
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0360
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0365
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0370
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375
http://refhub.elsevier.com/S0303-2647(16)30228-3/sbref0375

	Modeling Chagas disease in Chile: From vector to congenital transmission
	1 Introduction
	2 Modeling
	3 Methods
	4 Results
	5 Discussion
	Acknowledgements
	References


