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ABSTRACT
Objective: To assess the potential occurrence of Zika transmission throughout Argentina
by the mosquito Aedes aegypti considering the basic reproduction number (R0).
Methods: A model originally developed for dengue was adapted for Zika. R0 was
estimated as a function of seven parameters, three of them were considered
temperature‐dependent. Seasonal Zika occurrence was evaluated in 9 locations
representing different climatic suitability for the vector. Data of diary temperatures were
extracted and included in the model. A threshold of R0 = 1 was fixed for Zika occurrence.
Sensitivity analyses were performed to evaluate the uncertainty around the results.
Results: Zika transmission has the potential to occur in all studied locations at least in
some moment of the year. In the northern region, transmission might be possible
throughout the whole year or with an interruption in winter. The maximum R0 was
estimated in 6.9, which means an average of 7 secondary cases from a primary case. The
probabilistic sensitivity analysis showed that during winter the transmission can only be
excluded in the southern fringe of geographic distribution of the vector and in part of
central Argentina.
Conclusion: Zika virus has the potential to be transmitted in Argentina throughout the
current geographic range of the mosquito vector. Although the transmission would be
mainly seasonal, the possibility of winter transmission cannot be excluded in northern and
central Argentina, meaning that there is a potential endemic maintenance of the disease.
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A bulk of viruses transmitted by mosquitoes are emerging or reemerging globally as
consequence of global warming, urbanization and modern transport networks. Among
these viruses, Zika was first isolated in a forest area in Uganda, Africa (1), and was
historically restricted to Asia and Africa for more than 50 years (2), but recently spread to
Micronesia in 2007and Brazil in 2014‐2015 (3,4), continuing its expansion through South,
Central and North America (2). By 2016, more than 45 countries and territories
throughout the Americas have reported more than 577 000 locally‐acquired cases, with
estimates of several million real cases (2), and 165 932 cases reported only in Brazil (5).
The potential burden associated with this disease is still to be determined, but reports of
Guillain‐Barre syndrome and other neurologic complications in adults (6), in addition to
microcephaly and other serious brain abnormalities in newborns (5), have positioned the
Zika infections as a severe threat to public health. The high proportion of asymptomatic
patients (7) makes difficult the rapid detection of the autochthonous transmission,
facilitating the spread of this disease. In addition, the main vectors of Zika have currently a
broad range of global distribution, meaning that a large portion of the world population is
at risk of this arbovirus infection.
Although Zika virus was detected in semen with high viral load (8), and sexual and donor
transmission has been documented (9), the main transmission route is through vector bite
(10). The primary vector is Aedes aegypti, while Ae. albopictus has proved to be less
competent (11,12) and the common mosquitoes Culex pipiens and Cx. quinquefasciatus
were discarded as Zika vector (13,14). Therefore, the geographic distribution of Ae.
aegypti determines a priori the risk of epidemics. Under the current disease expansion,
epidemiologic models could be useful tools to assess the potential boundaries of different
risk areas, the environmental suitability for seasonal and endemic transmission cycles, and
the potential future burden of the Zika infections. In addition, simple models that can be
applied using spreadsheets and available meteorological data may help national and local
epidemiologists to evaluate the transmission risks and the course of future interventions.
Argentina exhibits the boundary of vector’s southern distribution in the Americas.
Considering the current vector distribution, the epidemiologic Zika situation in South
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America, and the recent first outbreak in the country (15), it is imperative to assess the
potential occurrence of Zika transmission throughout Argentina by the mosquito Ae.
aegypti. With this aim, a simple model considering the basic reproduction number based
on daily ambient temperatures was used to evaluate the potential transmission in
different regions representing a wide range of temperatures.
MATERIALS AND METHODS
Settings
The study area comprised the current known distribution of Ae. aegypti in Argentina.
Three sub‐areas were defined according to autochthonous dengue records as a proxy for
the risk of virus transmission by Ae. aegypti: 1) a high risk area in the northeast and
northwest of the country (latitude above ‐28.00°), where outbreaks occurs almost
annually; 2) a medium risk area in central Argentina (between ‐28.00° and ‐35.00°), where
large and small outbreaks occur sporadically; and 3) a low risk area in the southern
distribution limit of the vector (latitude below ‐35.00°), where autochthonous dengue
transmission was never recorded or only a few isolated cases were notified. Within each
area, three meteorological stations were selected (Table 1). The station from Tucumán
province (S3) was specifically included because its proximity to San Miguel de Tucumán,
where the first outbreak of Zika in the country was recently confirmed with 25
autochthonous cases (15).
TABLE 1. Geographic location and potential risk of virus transmission of the selected
meteorological stations.
Potential

Province

Station

Nearest city

risk

Latitude and

Altitude

longitude

a.s.l.
(meters)

High

Medium

Misiones

S1

Puerto Iguazú

‐25.62, ‐54.67

261

Salta

S2

Saucelito

‐23.47, ‐64.38

350

Tucumán

S3

Famaillá

‐27.02, ‐65.38

380

Córdoba

S4

Manfredi

‐31.86, ‐63.75

292

Buenos Aires (North)

S5

Ituzaingó

‐34.61, ‐58.67

22

3

Low

Entre Ríos

S6

Concepción del Uruguay

‐32.49, ‐58.35

17

Buenos Aires (South)

S7

Las Armas

‐37.09, ‐57.88

28

La Pampa

S8

Anguil

‐36.54, ‐63.99

165

Río Negro

S9

Barda del Medio

‐38.74, ‐68.11

297

Source: Prepared by the authors.

Daily temperatures were obtained from the automatic meteorological stations net of the
Instituto Nacional de Tecnología Agraria (INTA) (16). Records from years 2012 to 2016
were used, and daily means were calculated to obtain a representative dynamic of mean
ambient temperatures throughout a typical recent year.
Model Overview
The basic reproduction number (R0) was used to estimate the potential of Ae. aegypti to
transmit Zika virus through a wide range of temperatures in Argentina. For a vector‐borne
disease, R0 is defined as the number of persons who would be infected from a single
person initially infected by a mosquito (17). Following the model developed by Liu‐
Helmersson et al. for the potential transmission of dengue (18,19), the R0 was calculated
using the vectorial capacity (Vc) and the duration of the infected period (Th) [equation 1].
R0 = Th Vc

[1]

Similar to the R0, the Vc is defined as the number of secondary cases of the disease
generated by a primary case, but on a daily basis. As in the previously mentioned model,
the Vc was estimated using an equation of six parameters. These parameters represent
the vector biting rate, the human‐to‐vector infection, the vector mortality rate, vector‐to‐
human population ratio, the probability of vector‐to‐human transmission, and the
duration of the extrinsic incubation period. Only the first 3 parameters were considered
temperature dependent. The outcome variable (R0) was calculated on a daily basis for
each locality. A selection criterion was assumed to estimate the daily potential occurrence
of Zika transmission, allowing the assessment of seasonal patterns.
Outcome variable, input parameters and criteria
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Vc was estimated through the following equation [2]:
Vc = m a2 bh bm exp (‐µm n) / µm

[2]

where m represents the vector‐to‐human population ratio, a is the average daily vector
biting rate, bh is the probability of vector‐to‐human transmission per bite, bm is the
probability of human‐to‐vector infection per bite, µm is the vector mortality rate, and n is
the duration of the extrinsic incubation period. Equations [1] and [2] can be combined to
obtain a single equation for the R0 [Equation 3], including the duration of the infectious
period (Th):
R0 = Th m a2 bh bm exp (‐µm n) / µm

[3]

Parameters a and µm were not modified from the original model because they are specific
for Ae. aegypti, the vector for both dengue and Zika viruses in América. The value of bh
was previously estimated for different flavivirus, including West Nile virus, Murray Valley
encephalitis virus, and St. Louis encephalitis virus (20). Accordingly, we have used the
same unmodified equations. The vector‐to‐human population ratio (m) was assumed to
be 1.5, as in the referenced paper (19), because in this model we are searching for a
threshold value for Zika transmission, and accordingly the maximum potential
transmission was assumed independent from other variables. More detailed models allow
reduction of this parameter, i.e. by reducing the vector density through larval control
measures. The extrinsic incubation period (n) and the probability of human to vector
infection per bite (bm) were estimated according to data from laboratory experiments with
Ae. aegypti and Zika virus (21,22). The duration of the infectious period (Th) was assumed
to be 5 days (23). These four parameters were considered independent from the
temperature effect. All parameters and values can be seen in Table 2.
A threshold value of R0 = 1 was fixed for the occurrence of Zika transmission. If the value
of the R0 was above this cut‐off point, the transmission was assumed as possible in a
certain day of the year (24).
TABLE 2. Equations and references for model parameters.
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Parameter
Vector‐to‐human population
ratio (m)
Average daily vector biting
rate (a) (1/day)
Probability of human‐to‐
vector infection per bite (bm)
Probability of vector‐to‐
human transmission per bite
(bh)
Duration of the extrinsic
incubation period in days (n)
Vector mortality rate (µm)

Value
= 1.5

References
(19)

= 0.0043 Tm + 0.0943

(18)

= 0.62

(22)

= 0.001044 Tm (Tm ‐ 12.286) √(32.461 ‐ Tm) for (18,20)
(12.286°C<Tm<32.461°C)
= 0 for (Tm < 12.286°C)
= 1 for (32.461°C<Tm)
= 10
(21,22)
= 0.8692 ‐ 0.159 Tm + 0.01116 Tm2 ‐0.0003408 (18,25)
Tm3 + 0.000003809 Tm4
for (10.54°C<Tm<33.41°C)
= 1 for (Tm < 10.54°C) or (33.41°C < Tm)
=5
(23)

Duration of the infectious
period in days (Th)
Source: Prepared by the authors.
Tm: Mean daily temperature.

Sensitivity analysis
We performed deterministic and probabilistic sensitivity analyses based on five
parameters that contributed with uncertainty to the model, i.e. temperature, m, bm, n and
Th. Two‐way deterministic sensitivity analyses was used to evaluate the variation of the R0
in a range of +/‐ 20% around central values of bm and n, in a range from 1 to 2 for m, in a
range from 1 to 10 days for Th, and finally in a range of temperatures from 20°C to 30°C.
A probabilistic sensitivity analysis was also performed through the Monte Carlo method,
that allowed the simultaneous variation of m, bm, n, Th and temperature within the
previously considered ranges. The mean and standard deviation of the temperature were
calculated for each meteorological station during January and June, the warmest and the
coldest months, respectively. The m, bm, n, Th were assumed to follow a triangular
distribution, because little is known about the real distribution and boundaries of these
6

parameters. The temperature was assumed to follow a normal distribution. This variable
also influenced to a, bh and µm, which means that all parameters within the model were
subject to variations. However, the variation of parameters m, bm, n, Th accounted for the
lack of knowledge around them (also called epistemic uncertainty), while the variation in
the temperature accounted for the natural variability (also called aleatory uncertainty) in
each station and month (26). Accordingly, this sensitivity analysis only took into account
the lack of knowledge around the specific Zika transmission parameters, and not around
the Ae. aegypti and general flavivirus parameters. For each station, 10 000 simulations
were run and the 95% CI of the R0 during the warmest and coldest months were
calculated assuming a normal distribution of the outcome variable.
All calculations, sensitivity analyses and graphics were performed using the “lattice”
package (27,28) and the “mc2d” package (29) in the statistical software R, version 3.2.2
(https://www.r‐project.org/).
RESULTS
R0 dynamics
According to the model, Zika transmission has the potential to occur throughout all
climatic regions of the country where Ae. aegypti is present, at least in some moment of
the year (Figure 1). The highest values of R0 were observed in high risk areas (bottom
plots), whereas a shorter period could be identified in medium risk areas (middle plots),
and finally, a more variable R0 dynamics was restricted to summer period in low risk areas
(upper plots).
////
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ruled out. During the coldest month, the transmission of Zika cannot be excluded in Entre
Ríos and in northern Argentina. On contrary, the transmission can be excluded in the
three stations encompassing the southern fringe of geographic distribution of the vector
and in two out of three stations from central Argentina (Córdoba and north Buenos Aires),
given that the upper values of the R0 confidence interval are below 1.
TABLE 3. Temperatures registered during the warmest and coldest months (January and
June, respectively), and results of the probabilistic sensitivity analysis for the basic
reproduction number (R0); 95% confidence intervals were estimated through 10 000
Monte Carlo simulations.
Province
Temperature
R0 in
R0 in
Temperature
Recorded
in January
June
Station
in June (°C) Jannuary
period
(°C) (Mean,
(95% CI)
a
(Mean, SD ) (95% CI)
a
SD )
Misiones

S1

2013‐2016

28.26 (1.72)

18.61 (3.07)

1.2‐11.4

0.0‐3.8

Salta

S2

2013‐2016

28.14 (2.51)

16.57 (2.89)

0.5‐11.0

0.0‐2.6

Tucumán

S3

2012‐2016

26.64 (2.66)

14.12 (2.73)

0.1‐10.3

0.0‐1.5

Córdoba

S4

2012‐2016

24.64 (2.76)

10.99 (3.54)

0.0‐8.6

0.0‐0.85

S5

2012‐2016

25.13 (3.11)

11.44 (3.50)

0.0‐9.1

0.0‐0.9

S6

2012‐2016

25.69 (2.91)

12.36 (3.83)

0.0‐9.5

0.0‐1.36

S7

2012‐2016

22.81 (3.58)

9.8 (3.03)

0.0‐7.6

0.0‐0.4

La Pampa

S8

2012‐2016

24.71 (3.74)

9.13 (3.29)

0.0‐9.1

0.0‐0.4

Río Negro

S9

2012‐2016

24.34 (3.06)

8.68 (3.60)

0.0‐8.6

0.0‐0.4

Buenos Aires
(North)
Entre Ríos
Buenos Aires
(South)

Source: Prepared by the authors based on the study results.
a
SD: standard deviation.
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DISCUSSION
Our assessment suggests that the Zika virus has the potential to be transmitted in
Argentina throughout the entire geographic range of the mosquito Ae. aegypti. Although
the transmission would be mainly seasonal, the possibility of winter transmission cannot
be excluded in northern and central Argentina, meaning that there is a potential endemic
maintenance of the disease. In this sense, the first cases of dengue transmission during
winter were recently reported in the Northeast of the country (15), since the first dengue
outbreaks in 1998 (30). Considering the similarities of both Aedes‐borne diseases, it could
be expected a similar spread pattern. On the other hand, the Zika virus has proved to be
capable of being vertically transmitted in Ae. aegypti (31), allowing the survival of the
virus in adverse conditions, and thus increasing the probability of an endemic cycle in
these latitudes. Globally, an increasing number of data is showing that Zika virus
transmission by Ae. aegypti mosquitoes would be endemic in tropical, subtropical and
even temperate latitudes (32,33).
Our model, based on that of Liu‐Helmersson et al. (18,19), suggests a Zika transmission
boundary up to the latitude of 39° south. The same model adapted by Rocklov et al. for
Zika in Europe and Asia (34) identified the potential spread of the virus during summer up
to the latitude of nearly 50° north. But it is worth noting that our estimations were
restricted to the southern distribution limits of Ae. aegypti in America, and therefore, it is
probably a Zika spreading to the south if vector distribution increase. Another model
performed to predict global Zika spread (35) match with our estimations for northern and
central Argentina. However, that model used land cover, human population density and
other non‐meteorological factors, in addition to ambient temperature. Remarkably, when
the mentioned model only considers environmental factors, Zika occurs up to Tierra del
Fuego, a very cold location far away from the current distribution of Aedes vectors. For
Africa and Asia, another model (36) projected the potential for Zika transmission
considering dengue parameters, data of vector presence, and estimations of possible
travelers from the Americas within the viremic period. The geographical area of Zika
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spread was estimated to reach the latitude of 34° south, coincident with the region of
central Argentina classified as medium risk in our study.
Regarding R0 calculation, theoretical models have estimated central values in the range of
2.1 – 4.8 for Ae. aegypti and Ae. albopictus (34,37‐39). Empirical estimations based on the
epidemics from Colombia in several cities yielded a wider range of 1.4 – 6.6 (40‐42). The
unique study using Big Data analysis to estimate the R0 found a value of 2.6, within the
range of both theoretical and empirical approaches (42). It should be observed that
theoretical and semi‐empirical models were parameterized for the use in America, Africa
and Europe for both vector species, and the poor ability of Ae. albopictus as Zika vector
was already established in several studies (12,43). This could partially explain the higher
values of R0 estimated in our study. The maximum value of R0 = 6.6 obtained by Nishiura
and colleagues in Colombia (41) was similar to our maximum value of R0 in northern and
central Argentina. Moreover, when considering the uncertainty around maximum
likelihood estimates in their model, the maximum R0 was estimated to be 14.8, similar to
our R0 for Misiones during January (i.e. 11.4). This consistence with the observed values
could be useful as external validation for our model. Another undesired opportunity to
validate our results was the recent Zika outbreak in Tucumán province (15). This outbreak,
the first in the country, with 25 confirmed cases was small, but occurred during May,
almost at the end of the potential period calculated. R0 estimations from transmission
dynamic models have suggested that Zika epidemics is not containable, large‐scale
outbreaks will occur with an interval of years, and the virus will eventually become
endemic in Latin America (44).
Sensitivity analysis showed a strong dependence of R0 on the ambient temperature,
whereas all others parameters demonstrated a weak association. Only for temperatures
above 28°C, the parameters n, bm and m had a moderate influence on R0. On contrary, Th
showed a stronger influence on R0 in the whole range of temperatures. This means that
within the considered ranges, parameters associated with the cycle of the virus in the
mosquito, the susceptibility to Zika virus and the vector‐to‐human population ratio have
less importance than the duration of the infectious period. These results may have
12

consequences regarding the control measures, given that the dynamic of the disease
depends more on intrinsic host parameters and environment temperatures than on
mosquito densities. A similar dependence of R0 on temperature and diurnal temperature
range was previously described by Liu‐Helmersson et al. (18) in the original model for
dengue. In this sense, our study used observed daily temperature data instead of
projections, and thus the diurnal variation of temperatures has been implicit in
calculations. The high dependency of R0 on ambient temperatures highlights the fact that
Zika transmission would have a seasonal behavior in subtropical and temperate Argentina,
due to the marked difference of temperature between summer and winter. In tropical
settings like Central America, the Zika virus might show a different transmission dynamic,
with no seasonality or a stronger dependence on other environmental factor like the
precipitation.
Our approach was subject to some limitations. First, research on Zika susceptibility by
mosquitoes and humans are ongoing, and thus our parameters may be modified as more
studies are published. Even though our sensitivity analyses showed a weak dependence of
R0 on these parameters, future research could change the main results. Other parameters
regarding the transmission dynamic also need to be confirmed, particularly, the duration
of the infectious period in humans has demonstrate a strong influence on the R0. Second,
a significant amount of uncertainty was considered for all these parameters, and this was
reflected in the wide range of the confidence intervals around the R0 obtained by the
probabilistic sensitivity analysis. Finally, our estimations of the R0 are based almost
exclusively on ambient temperature, while the vector‐to‐human population ratio was
fixed and actions to control vector populations were not considered. In this regard, this
model should be visualized as a tool to understand the climatic favorability for the
seasonal or endemic transmission of the disease, and not as a model to analyze other
environmental, anthropic or interventional influences on the transmission. Further
development is needed to serve as a tool for the analysis of different strategies for public
health interventions, e.g. larval control interventions and fumigations. However,
interventions related to human behavior (both vector control and prevention) should be
13

similar to those for dengue, excluding the sexual transmission that, as previously stated,
seems not to play a major role in the transmission dynamic. Other important weather
variable that was not considered in our model was precipitation. This variable has a major
influence on water availability in artificial containers used by Ae. aegypti as breeding sites,
affecting mosquito densities. As we have previously stated, our model was aimed to
predict climatic favorability and not mosquito density, which was assumed to be sufficient
for the maximum potential transmission, independently of other variables. More detailed
models, as the DENSiM developed by Focks et al. for dengue (45), consider mosquito
density by person and other variables, and goes beyond only weather variables as
predictors. In the case of Zika, more information is needed about the biology of the virus
to develop more complex models.
In brief, we used a simple temperature‐dependent model developed for dengue (18), and
by means of changing a number of parameters we were able to apply the same procedure
for the estimation of the favorability for the Zika virus circulation in Argentina, the risk of
seasonal transmission, and the possibility of the endemic establishment in the region. This
simple procedure can be reproduced by public health professionals and health decision
makers to evaluate the risk of Zika transmission at a national or local level.
Conflicts of interest. None declared.
Disclaimer. Authors hold sole responsibility for the views expressed in the manuscript,
which may not necessarily reflect the opinion or policy of the RPSP/PAJPH or PAHO.
REFERENCES
1. Dick GW. Zika virus. II. Pathogenicity and physical properties. Trans R Soc Trop Med Hyg.
1952; 46(5):521‐34.
2. Torres JR, Murillo J, Bofill L. The ever changing landscape of Zika virus infection.
Learning on the fly. Int J Infect Dis. 2016; pii: S1201‐9712(16)31156‐0. doi:
10.1016/j.ijid.2016.09.001.

14

3. Pierson TC, Graham BS. Zika Virus: Immunity and Vaccine Development. Cell. 2016 ; pii:
S0092‐8674(16)31253‐3. doi: 10.1016/j.cell.2016.09.020.
4. Zanluca C, Melo VC, Mosimann AL, Santos GI, Santos CN, Luz K. First report of
autochthonous transmission of Zika virus in Brazil. Mem Inst Oswaldo Cruz. 2015;
110(4):569‐72. doi: 10.1590/0074‐02760150192.
5. de Magalhães‐Barbosa MC, Prata‐Barbosa A, Robaina JR, Raymundo CE, Lima‐Setta F,
da Cunha AJ. Trends of the microcephaly and Zika virus outbreak in Brazil, January‐July
2016. Travel Med Infect Dis. 2016; pii: S1477‐8939(16)30124‐7. doi:
10.1016/j.tmaid.2016.09.006.
6. Goodman AB, Dziuban EJ, Powell K, Bitsko RH, Langley G, Lindsey N, et al.
Characteristics of Children Aged <18 Years with Zika Virus Disease Acquired Postnatally ‐
U.S. States, January 2015‐July 2016. MMWR Morb Mortal Wkly Rep. 2016; 65(39):1082‐
1085. doi: 10.15585/mmwr.mm6539e2.
7. Carlson CJ, Dougherty ER, Getz W. An Ecological Assessment of the Pandemic Threat of
Zika Virus. PLoS Negl Trop Dis. 2016;10(8):e0004968. doi: 10.1371/journal.pntd.0004968.
8. Mansuy JM, Dutertre M, Mengelle C, Fourcade C, Marchou B, Delobel P, et al. Zika virus:
high infectious viral load in semen, a new sexually transmitted pathogen? Lancet Infect
Dis. 2016;16(4):405. doi: 10.1016/S1473‐3099(16)00138‐9.
9. D'Ortenzio E, Matheron S, Yazdanpanah Y, de Lamballerie X, Hubert B, Piorkowski G, et
al. Evidence of Sexual Transmission of Zika Virus. N Engl J Med. 2016; 374(22):2195‐8. doi:
10.1056/NEJMc1604449.
10. Yakob L, Kucharski A, Hue S, Edmunds WJ. Low risk of a sexually‐transmitted Zika virus
outbreak. Lancet Infect Dis. 2016;16(10):1100‐2. doi: 10.1016/S1473‐3099(16)30324‐3.
11. Di Luca M, Severini F, Toma L, Boccolini D, Romi R, Remoli ME, et al. Experimental
studies of susceptibility of Italian Aedes albopictus to Zika virus. Euro Surveill. 2016;
21(18). doi: 10.2807/1560‐7917.ES.2016.21.18.30223.
12. Chouin‐Carneiro T, Vega‐Rua A, Vazeille M, Yebakima A, Girod R, Goindin D, et al.
Differential Susceptibilities of Aedes aegypti and Aedes albopictus from the Americas to
Zika Virus. PLoS Negl Trop Dis. 2016; 10(3):e0004543. doi: 10.1371/journal.pntd.0004543.
13. Fernandes RS, Campos SS, Ferreira‐de‐Brito A, Miranda RM, Barbosa da Silva KA,
Castro MG, et al. Culex quinquefasciatus from Rio de Janeiro Is Not Competent to
Transmit the Local Zika Virus. PLoS Negl Trop Dis. 2016; 10(9):e0004993. doi:
10.1371/journal.pntd.0004993.

15

14. Amraoui F, Atyame‐Nten C, Vega‐Rúa A, Lourenço‐de‐Oliveira R, Vazeille M, Failloux
AB. Culex mosquitoes are experimentally unable to transmit Zika virus. Euro Surveill. 2016;
21(35). doi: 10.2807/1560‐7917.ES.2016.21.35.30333.
15. Ministerio de Salud de la Nación, Argentina. Boletín integrado de vigilancia. 329 – SE
39 – 2016 [Internet site]. Available from:
http://www.msal.gob.ar/images/stories/boletines/Boletin‐Integrado‐De‐Vigilancia‐N329‐
SE39.pdf. Accessed 21 October 2016.
16. Instituto Nacional de Tecnología Agopecuaria, Argentina. Sistema de información y
gestión agrometeorológico. http://siga2.inta.gov.ar/. Accessed 4 October 2016.
17. Massad E, Coutinho FA, Burattini MN, Amaku M. Estimation of R0 from the initial
phase of an outbreak of a vector‐borne infection. Trop Med Int Health. 2010; 15(1):120‐6.
doi: 10.1111/j.1365‐3156.2009.02413.x.
18. Liu‐Helmersson J, Stenlund H, Wilder‐Smith A, Rocklöv J. Vectorial capacity of Aedes
aegypti: effects of temperature and implications for global dengue epidemic potential.
PLoS One. 2014; 9(3):e89783. doi: 10.1371/journal.pone.0089783.
19. Liu‐Helmersson J, Quam M, Wilder‐Smith A, Stenlund H, Ebi K, Massad E, Rocklöv J.
Climate Change and Aedes Vectors: 21st Century Projections for Dengue Transmission in
Europe. EBioMedicine. 2016; 7:267‐77. doi: 10.1016/j.ebiom.2016.03.046.
20. Lambrechts L, Paaijmans KP, Fansiri T, Carrington LB, Kramer LD, Thomas MB, Scott
TW. Impact of daily temperature fluctuations on dengue virus transmission by Aedes
aegypti. Proc Natl Acad Sci U S A. 2011; 108(18):7460‐5. doi: 10.1073/pnas.1101377108.
21. Boorman JP, Porterfield JS. A simple technique for infection of mosquitoes with
viruses; transmission of Zika virus. Trans R Soc Trop Med Hyg. 1956; 50(3):238‐42.
22. Li MI, Wong PS, Ng LC, Tan CH. Oral susceptibility of Singapore Aedes (Stegomyia)
aegypti (Linnaeus) to Zika virus. PLoS Negl Trop Dis. 2012; 6(8):e1792. doi:
10.1371/journal.pntd.0001792.
23. Plourde AR, Bloch EM. A Literature Review of Zika Virus. Emerg Infect Dis. 2016;
22(7):1185‐92. doi: 10.3201/eid2207.151990.
24. Dietz K. The estimation of the basic reproduction number for infectious diseases. Stat
Methods Med Res. 1993; 2(1):23‐41.
25. Yang HM, Macoris ML, Galvani KC, Andrighetti MT, Wanderley DM. Assessing the
effects of temperature on the population of Aedes aegypti, the vector of dengue.
Epidemiol Infect. 2009; 137(8):1188‐202. doi: 10.1017/S0950268809002040.

16

26. Mirams GR, Pathmanathan P, Gray RA, Challenor P, Clayton RH. White paper:
Uncertainty and variability in computational and mathematical models of cardiac
physiology. J Physiol. 2016. doi: 10.1113/JP271671. Ahead of print.
27. Sarkar D. Package ‘lattice’ [Internet site]. Available from: https://cran.r‐
project.org/web/packages/lattice/lattice.pdf. Accessed 4 October 2016.
28. Dalgaard P. Lattice ‐ Multivariate Data Visualization with R. New York: Springer‐Verlag;
2008.
29. Pouillot R, Delignette‐Muller ML, Denis JB. Package ‘mc2d’ [Internet site]. Available
from: https://cran.r‐project.org/web/packages/mc2d/mc2d.pdf. Accessed 17 October
2016.
30. Vezzani D, Carbajo AE. Aedes aegypti, Aedes albopictus, and dengue in Argentina:
current knowledge and future directions. Mem Inst Oswaldo Cruz. 2008; 103(1):66‐74.
31. Thangamani S, Huang J, Hart CE, Guzman H, Tesh RB. Vertical Transmission of Zika
Virus in Aedes aegypti Mosquitoes. Am J Trop Med Hyg. 2016; 29. pii: 16‐0448.
32. Gyawali N, Bradbury RS, Taylor‐Robinson AW. The global spread of Zika virus: is public
and media concern justified in regions currently unaffected? Infect Dis Poverty. 2016;
5:37. doi: 10.1186/s40249‐016‐0132‐y.
33. Attaway DF, Waters NM, Geraghty EM, Jacobsen KH. Zika virus: Endemic and epidemic
ranges of Aedes mosquito transmission. J Infect Public Health. 2016; pii: S1876‐
0341(16)30147‐2. doi: 10.1016/j.jiph.2016.09.008.
34. Rocklöv J, Quam MB, Sudre B, German M, Kraemer MU, Brady O6, Bogoch II, et al.
Assessing Seasonal Risks for the Introduction and Mosquito‐borne Spread of Zika Virus in
Europe. EBioMedicine. 2016; 9:250‐6. doi: 10.1016/j.ebiom.2016.06.009.
35. Samy AM, Thomas SM, Wahed AA, Cohoon KP, Peterson AT. Mapping the global
geographic potential of Zika virus spread. Mem Inst Oswaldo Cruz. 2016; 111(9):559‐60.
doi: 10.1590/0074‐02760160149.
36. Bogoch II, Brady OJ, Kraemer MU, German M, Creatore MI, Brent S, et al. Potential for
Zika virus introduction and transmission in resource‐limited countries in Africa and the
Asia‐Pacific region: a modelling study. Lancet Infect Dis. 2016; pii: S1473‐3099(16)30270‐5.
doi: 10.1016/S1473‐3099(16)30270‐5.
37. Guzzetta G, Poletti P, Montarsi F, Baldacchino F, Capelli G, Rizzoli A, et al. Assessing the
potential risk of Zika virus epidemics in temperate areas with established Aedes albopictus
populations. Euro Surveill. 2016; 21(15). doi: 10.2807/1560‐7917.ES.2016.21.15.30199.
17

38. Kucharski AJ, Funk S, Eggo RM, Mallet HP, Edmunds WJ, Nilles EJ. Transmission
Dynamics of Zika Virus in Island Populations: A Modelling Analysis of the 2013‐14 French
Polynesia Outbreak. PLoS Negl Trop Dis. 2016; 10(5):e0004726. doi:
10.1371/journal.pntd.0004726.
39. Gao D, Lou Y, He D, Porco TC, Kuang Y, Chowell G, Ruan S. Prevention and Control of
Zika as a Mosquito‐Borne and Sexually Transmitted Disease: A Mathematical Modeling
Analysis. Sci Rep. 2016; 6:28070. doi: 10.1038/srep28070.
40. Rojas DP, Dean NE, Yang Y, Kenah E, Quintero J, Tomasi S, et al. The epidemiology and
transmissibility of Zika virus in Girardot and San Andres island, Colombia, September 2015
to January 2016. Euro Surveill. 2016; 21(28). doi: 10.2807/1560‐
7917.ES.2016.21.28.30283.
41. Nishiura H, Mizumoto K, Villamil‐Gómez WE, Rodríguez‐Morales AJ. Preliminary
estimation of the basic reproduction number of Zika virus infection during Colombia
epidemic, 2015‐2016. Travel Med Infect Dis. 2016; 14(3):274‐6. doi:
10.1016/j.tmaid.2016.03.016.
42. Majumder MS, Santillana M, Mekaru SR, McGinnis DP, Khan K, Brownstein JS. Utilizing
Nontraditional Data Sources for Near Real‐Time Estimation of Transmission Dynamics
During the 2015‐2016 Colombian Zika Virus Disease Outbreak. JMIR Public Health Surveill.
2016; 2(1):e30. doi: 10.2196/publichealth.5814.
43. Di Luca M, Severini F, Toma L, Boccolini D, Romi R, Remoli ME, et al. Experimental
studies of susceptibility of Italian Aedes albopictus to Zika virus. Euro Surveill. 2016;
21(18). doi: 10.2807/1560‐7917.ES.2016.21.18.30223.
44. Ferguson NM, Cucunubá ZM, Dorigatti I, Nedjati‐Gilani GL, Donnelly CA, Basáñez MG,
et al. Epidemiology. Countering the Zika epidemic in Latin America. Science. 2016;
353(6297):353‐4. doi: 10.1126/science.aag0219.
45. Focks DA, Daniels E, Haile DG, Keesling JE. A simulation model of the epidemiology of
urban dengue fever: literature analysis, model development, preliminary validation, and
samples of simulation results. Am J Trop Med Hyg. 1995; 53(5):489‐506.
‐‐
Manuscript received on 25 October 2016. Revised version accepted for publication on 20
December 2016.

18

