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Abstract: Hantavirus disease in America has been recognizable because of its rapid
progression in clinical cases, occurrence in previously healthy young adults, and high case
fatality rate. Hantavirus disease has been proposed now to define the diversity of clinical
manifestations. Since 1995, a total of 902 cases of hantavirus pulmonary syndrome have
been reported in Chile, caused by Andes virus (ANDV), with overall fatality of 32%. This
report describes the sero-epidemiology of hantavirus in apparently healthy people in rural
and urban slum communities from southern Chile. Ten of 934 samples yielded a positive
result resulting in a seroprevalence of 1.07% (95% confidence intervals: 0.05%—2.0%).
A higher proportion of positive samples was found among individuals from rural villages
(1.3%) and slums (1.5%) compared with farms (0.5%). Seropositivity was associated with
age (p = 0.011), low education level (p = 0.006) and occupations linked to the household
(homemaker, retired, or student) (p = 0.016). No evidence of infection was found in 38
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sigmodontinae rodents trapped in the peri-domestic environment. Our findings highlight
that exposure risk was associated with less documented risk factors, such as women in
slum and rural villages, and the occurrence of infection that may have presented as flu-like
illness that did not require medical attention or was misdiagnosed.
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1. Introduction

The Hantavirus genus, Bunyaviridae family, includes several zoonotic viruses that are maintained
in rodent reservoirs [1]. Humans are incidental hosts and are typically infected via contaminated
aerosolized secretions (feces, urine, saliva) of the reservoir animals [2]. The first report of human
hantavirus infection in the Americas documented serologically-confirmed cases that occurred in Brazil
in 1990 [3]. Hantavirus cardiopulmonary syndrome (HCPS) often cause considerable alarm because of
the rapid disease progression in some clinical cases, its occurrence in previously healthy young adults,
and the high case fatality rate [4]. Recently, the more inclusive name Hantavirus disease has been
proposed to define the clinical manifestation of infection instead of the traditionally used hemorrhagic
fever with renal syndrome (HFRS) and hantavirus cardiopulmonary syndrome (HCPS) due to better
understanding of the diversity of clinically overlapping manifestations beyond two distinct syndromes
and the occurrence of mild or asymptomatic infection that may go underdiagnosed [5,6].

Hantavirus infection was first recognized in Chile in 1995 with Andes virus (ANDV) South as the
primary lineage identified to date [7,8]. The ANDV clade is comprised of at least 12 variants found in
six countries (Argentina, Bolivia, Brazil, Chile, Paraguay, Peru, and Uruguay) and harbored by Akodon,
Necromys and Oligoryzomys rodents [9]. Human-to-human transmission has been reported only in
Argentina and Chile [10]. Since 1995, a total of 902 cases of hantavirus pulmonary syndrome (HPS)
have been diagnosed in Chile. Surveillance records reported 54 cases of HPS and three reported cases of
mild presentation in 2014, with overall fatality of 31.5% [11]. This report describes the sero-epidemiology
of hantavirus in apparently healthy people in distinct community types from Southern Chile.

2. Material and Methods

Individuals from 12 communities in the Los Rios Region of Chile (Latitude: 39°15°S—40°33’S,
Longitude: 73°43°W-71°35"W) were invited to participate in a series of studies on the eco-epidemiology
of zoonotic infections. Communities, two of each community type, were selected based on the
following definitions: (i) Slums (U): informal settlements near an urban area characterized by high
density of substandard housing, (ii) Villages (C): rural community settlements away from major cities
where households are clustered together, (iii) Farms (D): dispersed households, typically small family
farms, located in a specific rural locality. Details of the study area and protocols have been previously
described [12,13]. Up to 40 representative households from each community were enrolled and all
household members of at least 13 years of age were invited to participate. Information collected
included basic demographic characteristics from individual participants and living conditions at the
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household level. As part of the larger study, rodents were trapped over three nights from within the
house and the peri-domestic area. The study protocol was approved by the University of Minnesota’s
IRB (No. 0903M62042) and IACUC (No. 0904A63201) and the Austral University’s Human and
Animal Ethics Committee (No. 01/09). Frozen serum samples from 934 people were tested for
presence of ANDV hantavirus IgG antibodies at dilutions of 1:400 using a previously published
method [14]. A total of 393 rodents were trapped in the same study communities as part of a previous
study. Of those, 38 banked frozen serum samples from sigmodontinae species were available for
testing (20 Oligoryzomys longicaudatus, 4 Akodon longipilis, and 14 Abrothix spp.) [12]. For rodent
samples, because of the low volume, only a preliminary testing was carried out for presence of ANDV
IgG antibodies at dilution of 1:200 [15]. Positive samples were classified based on a cutoff of >0.3 for
the difference in the absorbance between the ANDV antigen and non-specific antigen [14]. Samples
positive at first screening were centrifuged and re-tested at dilutions of 1:400 and 1:800 for human
samples and of 1:200 and 1:400 for rodent samples. Samples that tested positive at re-testing were
considered positive. All laboratory tests were carried out at the local Hantavirus Reference Laboratory,
Austral University of Chile. An initial evaluation of the random effects by household and community
did not justify the use of mixed-effects logistic regression (Ime4 package) for analysis. Consequently,
and for simplicity, as multivariable analysis was not feasible due to small sample, the statistical
significance of the association between various demographic and living conditions factors and the
serologic status of study participants was examined using Fisher exact methods. Statistical significant
was set at p < 0.05. Ninety-five percent confidence intervals (c.i.) for the sero-prevalence estimates
were obtained using exact methods. All statistical analyses were carried out using the R 2.15.1
statistical program.

3. Results and Discussion

Ten of the 934 samples yielded a positive result resulting in a sero-prevalence of 1.07% (95% c.i.:
0.05%-2.0%). This overall prevalence among the apparently healthy study population was higher than
the sero-prevalence of 0.27% obtained from a national sero-prevalence study of IgG antibodies to
ANDV in 2891 people using a strip immunoassay technique [16]. The estimate is similar to an
estimate of 1% in Southern Argentina [17], but lower than the estimates of 2.3% to 3.5% in Southern
Brazil [18] and 1.7% in Peru [19] and Venezuela [20]. Much higher sero-prevalence estimates has
been reported in other regions from South America including 9.1% [21] and 12.2% [22] in Bolivia and
13.5% in Colombia [23]. Estimates are not directly comparable as they are likely influenced by the
representativeness of the study populations, laboratory methods, and the distribution of characteristics
associated with exposure. Table 1 shows the distribution of study population characteristics and the
description of positivity by each level of the variables examined. The 10 sero-positive samples were
distributed across eight communities with two communities, a slum community (U-2) and a farm
community (D-3), yielding two positive individuals each. Only one of the four farm communities had
positive results (Table 2). Proportion of positive samples increased with age with most of the positive
samples coming from participants aged >66 years (p = 0.011). This association between IgG
seropositivity and older age is probably a result of population cumulative exposure and is consistent
with the national survey that reported an increasing sero-prevalence from 0% in the 17-24 years-old
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stratum to 1.53% in the >65 years-old stratum [16]. The youngest positive individual corresponded to a
13 year-old boy from a slum community. Sero-positivity was significantly associated with having an
education up to 4" grade only (p = 0.006) and, although not statistically significant (p = 0.444),
a higher proportion of positive samples was found among individuals from rural villages (1.3%) and
slums (1.5%) compared with farms (0.5%). Considering the small number of seropositive individuals,
we were not able to adjust the analysis for potential confounders; however, older people also had lower
education levels (94% of the people in the >66 years old category completed only up to 8" grade) and
were more likely to be residents of rural villages (49% of the people in the >66 years old category
lived in rural villages) which could explain the observed associations. Six of the 10 positive samples
corresponded to women who reported “homemaker” as occupation and sero-positivity was
significantly associated with people reporting occupations linked to the household (homemaker,
retired, or student) (p = 0.016). Exposure to a hantavirus-contaminated environment during work on
farms, specific outdoor occupations, and outdoor recreational activities are commonly documented risk
factors for infection [24], yet, nine of the 10 seropositive individuals were children, housewives or
elderly who spent more time in the household environment. Additionally, there was higher evidence of
prior infection in slum and village communities (~1.5%) compared with farms (0.5%). The opposite
has been documented in Chile [25,26] but it is consistent with other reports such as a Peruvian amazon
study contrasting an urban population (2.2%) and rural (1.1%) population [19]. Because the observed
IgG seropositivity reflects evidence of exposure sometime in the past, we cannot pinpoint to specific
infection sources; however, the greater risk associated with the domestic environment could be due to
routine activities (i.e., clearing weeds, cleaning outbuildings, use of food storage areas, etc.) carried out
in areas where sigmodontine rodents approach the peri-domestic environment in search for food.
Although testing of the 38 wild rodents did not yield positive results, wild species potentially carriers
of hantavirus, were trapped in each community type, including slums. The slum communities in the
study region are relatively small, from 45 to 265 households, and surrounded by natural vegetation
which likely facilitates this wild-domestic habitat contact. This study did not test human or rat samples
for evidence of SEOV infection; however, considering the presence of murine rodents in close
proximity to the households, the higher sero-prevalence in women and other people linked to the
domestic environment, and the potential for assay cross-reactivity between different hantavirus
serotypes [27,28], it is likely that the study communities are exposed to murine-SEOV as well.
Furthermore, there was no self-reported history of hantavirus diagnosis among the study population
and occurrence of infection may have presented as flu-like illness that did not require medical attention
or was misdiagnosed [29]. Flu-like illness is more compatible with mild SEOV infections than HCPS
infections [5]. These findings highlight the need to expand diagnostic criteria and surveillance
programs to improve our understanding of the ecology of circulating hantavirus strains beyond ANDV

in the region and their associated public health burden.
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Table 1. Description of study population and group-specific seroprevalences of hantavirus
in Los Rios, Chile 2010-2012.
Variable Distribution of study No. sero-positive p-value
participants by level of variable (Prevalence by
(n =934) level of variable)
Community Rural village 302 (32.3%) 4 (1.3%) 0.444
type Farms 365 (39.1%) 2 (0.5%)
Urban slums 267 (28.6%) 4 (1.5%)
Sex Female 534 (57.2%) 6 (1.1%) 1.0
Male 400 (42.8%) 4 (1.0%)
Age (years) 13to 18 100 (10.7%) 1 (1.0%) 0.011
19 to 35 295 (31.6%) 1 (0.3%)
36 to 65 423 (45.3%) 3 (0.7%)
> 66 116 (12.4%) 5(4.3%)
Occupationt  Construction work 40 (4.3%) 1 (2.5%) 0.051
Domestic/students 549 (59.7%) 9 (1.6%)
Other occupation * 331 (36.0%) 0
Education Up to 4™ grade 156 (17.0%) 6 (3.8%) 0.006
5" to 12" grade 700 (76.4%) 4 (0.6%)
Technical/college 60 (6.6%) 0
Incomet Very low 568 (60.8%) 8 (1.4%) 0.331
Low 366 (39.2%) 2 (0.5%)
Gardening Yes 283 (30.3%) 4 (1.4%) 0.500
No 651 (69.7%) 6 (0.9%)
Cleaning Yes 344 (36.8%) 0 0.017
barns No 590 (63.2%) 10 (1.7%)
* Other occupations included agricultural work, other outdoor work, and office work; t Missing
data: 12 people for Occupation and 18 people for Income.
Table 2. ELISA Optical Density (OD) results of a total of 934 participants from 12
communities who tested positive for ANDV IgG antibodies. Samples with OD > (.3 are
considered positive.
ID Community ID * Sex Age Occupation Education level OD 1:400
1 U-1 M 13 Domestic 5th to 12 1.142
2 U-2 F 71 Domestic <4 3.564
3 U-4 F 43 Domestic 5™ to 12 0.820
4 U-4 F 33 Domestic 5% to 12 1.189
5 C-1 M 86 Domestic <4t 0.689
6 C-2 F 39 Domestic <4 1.945
7 C-3 F 74 Domestic <4t 0.368
8 C-4 M 49 Construction 5t to 120 0.889
9 D-3 F 75 Domestic <4t 0.521
10 D-3 M 79 Domestic <4t 3.117

* C: Rural village; D: farm; U: urban slum.



Viruses 2015, 7 2011

Acknowledgements

We thank the study families for their participation and Marcelo Gonzalez and Gunther Heyl for
assistance with field work and processing of samples. This work was funded in part by grants from the
National Science Foundation, Ecology of Infectious Diseases Program (Project No. 0913570) and from
the National Institutes of Health (Project No. IR03A1097672-01A1).

Author Contributions

Claudia Munioz-Zanzi led the field study, analyzed the data and wrote the manuscript; Carola Otth
and Paula Padula led the laboratory work and contributed to manuscript writing; Farides Saavedra,
Ljudica Domancich, and Melissa Hott performed the laboratory work.

Conflicts of Interest
The authors declare no conflict of interest
References

1. Jonsson, C.B.; Figueiredo, L.T.; Vapalahti, O. A Global Perspective on Hantavirus Ecology,
Epidemiology, and Disease. Clin. Microbiol. Rev. 2010, 23, 412-441.

2. Charbonnel, N.; Pages, M.; Sironen, T.; Henttonen, H.; Vapalahti, O.; Mustonen, J.; Vaheri, A.
Immunogenetic Factors Affecting Susceptibility of Humans and Rodents to Hantaviruses and the
Clinical Course of Hantaviral Disease in Humans. Viruses 2014, 6, 2214-2241.

3. Hindrichsen, S.; Medeiros de Andrade, A.; Clement, J.; Leirs, H.; McKenna, P.; Matthys, P.;
Neild, G.H. Hantavirus Infection in Brazilian Patients from Recife with Suspected Leptospirosis.
Lancet 1993, 341, 50.

4. Figueiredo, L.T.; Souza, W.M.; Ferres, M.; Enria, D.A. Hantaviruses and Cardiopulmonary
Syndrome in South America. Virus Res. 2014, 187, 43-54.

5. Clement, J.; Maes, P.; Lagrou, K.; van Ranst, M.; Lameire, N. A Unifying Hypothesis and a
Single Name for a Complex Globally Emerging Infection: Hantavirus Disease. Eur. J. Clin.
Microbiol. Infect. Dis. 2012, 31, 1-5.

6. Clement, J.; Maes, P.; van Ranst, M. Hemorrhagic Fever with Renal Syndrome in the New, and
Hantavirus Pulmonary Syndrome in the Old World: Paradi(se)gm lost or regained? Virus Res.
2014, 187, 55-58.

7. Lopez, N.; Padula, P.; Rossi, C.; Miguel, S.; Edelstein, A.; Ramirez, E.; Franze-Fernandez, M.T.
Genetic Characterization and Phylogeny of Andes Virus and Variants from Argentina and Chile.
Virus Res. 1997, 50, 77-84.

8. Padula, P.J.; Colavecchia, S.B.; Martinez, V.P.; Gonzalez Della Valle, M.O.; Edelstein, A.;
Miguel, S.D.; Russi, J.; Riquelme, J.M.; Colucci, N.; Almiron, M.; et al. Genetic Diversity,
Distribution, and Serological Features of Hantavirus Infection in Five Countries in South
America. J. Clin. Microbiol. 2000, 38, 3029-3035.



Viruses 2015, 7 2012

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Razuri, H.; Tokarz, R.; Ghersi, B.M.; Salmon-Mulanovich, G.; Guezala, M.C.; Albujar, C.;
Mendoza, A.P.; Tinoco, Y.O.; Cruz, C.; Silva, M.; ef al. Andes Hantavirus Variant in Rodents,
Southern Amazon Basin, Peru. Emerg. Infect. Dis. 2014, 20, 257-260.

Martinez-Valdebenito, C.; Calvo, M.; Vial, C.; Mansilla, R.; Marco, C.; Palma, R.E.; Vial, P.A.;
Valdivieso, F.; Mertz, G.; Ferres, M. Person-to-Person Household and Nosocomial Transmission
of Andes Hantavirus, Southern Chile, 2011. Emerg. Infect. Dis. 2014, 20, 1637—-1644.

Ministry of Health, Chile. Hantavirus Report. Surveillance Unit, Department of Epidemiology,
Santiago, Chile. November 2014.

Munoz-Zanzi, C.; Mason, M.; Encina, C.; Gonzalez, M.; Berg, S. Household Characteristics
Associated with Rodent Presence and Leptospira Infection in Rural and Urban Communities from
Southern Chile. Am. J. Trop. Med. Hyg. 2014, 90, 497-506.

Munoz-Zanzi, C.; Mason, M.R.; Encina, C.; Astroza, A.; Romero, A. Leptospira Contamination
in Household and Environmental Water in Rural Communities in Southern Chile. Int. J. Environ.
Res. Public. Health. 2014, 11, 6666—6680.

Padula, P.J.; Rossi, C.M.; Della Valle, M.O.; Martinez, P.V.; Colavecchia, S.B.; Edelstein, A.;
Miguel, S.D.; Rabinovich, R.D.; Segura, E.L. Development and Evaluation of a Solid-Phase
Enzyme Immunoassay Based on Andes Hantavirus Recombinant Nucleoprotein. J. Med.
Microbiol. 2000, 49, 149-155.

Padula, P.; Figueroa, R.; Navarrete, M.; Pizarro, E.; Cadiz, R.; Bellomo, C.; Jofre, C.; Zaror, L.;
Rodriguez, E.; Murua, R. Transmission Study of Andes Hantavirus Infection in Wild
Sigmodontine Rodents. J. Virol. 2004, 78, 11972-11979.

Ministry of Health, Goverment of Chile. National Health Status Survey Chile 2003.
Communicable Diseases: Prevalence of Viral Hepatitis, Hantavirus, and Papilloma Virus. 2005
Final Report. Available online: Http://epi.Minsal.cl/estudios-y-Encuestas-poblacionales/encue
stas-poblacionales/encuesta-Nacional-De-salud/resultados-Ens/. (accessed on 1 January 2015).
Wells, R.M.; Sosa Estani, S.; Yadon, Z.E.; Enria, D.; Padula, P.; Pini, N.; Gonzalez Della Valle, M.;
Mills, J.N.; Peters, C.J. Seroprevalence of Antibodies to Hantavirus in Health Care Workers and
Other Residents of Southern Argentina. Clin. Infect. Dis. 1998, 27, 895-896.

Pereira, G.W.; Teixeira, A.M.; Souza, M.S.; Braga, A.D.; Santos Junior, G.S., Jr.; Figueiredo, G.G.;
Figueiredo, L.T.; Borges, A.A. Prevalence of Serum Antibodies to Hantavirus in a Rural
Population from the Southern State of Santa Catarina, Brazil. Rev. Soc. Bras. Med. Trop. 2012,
45, 117-119.

Castillo Ore, R.M.; Forshey, B.M.; Huaman, A.; Villaran, M.V.; Long, K.C.; Kochel, T.J,;
Guevara, C.; Montgomery, J.M.; Alvarez, C.A.; Vilcarromero, S.; ef al. Serologic Evidence for
Human Hantavirus Infection in Peru. Vector Borne Zoonotic Dis. 2012, 12, 683—689.

Rivas, Y.J.; Moros, Z.; Moron, D.; Uzcategui, M.G.; Duran, Z.; Pujol, F.H.; Liprandi, F.;
Ludert, J.E. The Seroprevalences of Anti-Hantavirus [gG Antibodies among Selected Venezuelan
Populations. Ann. Trop. Med. Parasitol. 2003, 97, 61-67.



Viruses 2015, 7 2013

21.

22.

23.

24.

25.

26.

27.

28.

29.

Montgomery, J.M.; Blair, P.J.; Carroll, D.S.; Mills, J.N.; Gianella, A.; Iihoshi, N.; Briggiler, A.M.;
Felices, V.; Salazar, M.; Olson, J.G.; et al. Hantavirus Pulmonary Syndrome in Santa Cruz,
Bolivia: Outbreak Investigation and Antibody Prevalence Study. PLOS Negl. Trop. Dis. 2012,
6, ¢1840.

Cruz, C.D.; Forshey, B.M.; Vallejo, E.; Agudo, R.; Vargas, J.; Blazes, D.L.; Guevara, C.;
Laguna-Torres, V.A.; Halsey, E.S.; Kochel, T.J. Novel Strain of Andes Virus Associated with
Fatal Human Infection, Central Bolivia. Emerg. Infect. Dis. 2012, 18, 750-757.

Mattar, S.; Parra, M. Serologic Evidence of Hantavirus Infection in Humans, Colombia. Emerg.
Infect. Dis. 2004, 10, 2263-2264.

Martinez, V.P.; Bellomo, C.M.; Cacace, M.L.; Suarez, P.; Bogni, L.; Padula, P.J. Hantavirus
Pulmonary Syndrome in Argentina, 1995-2008. Emerg. Infect. Dis. 2010, 16, 1853—1860.

Tager Frey, M.; Vial, P.C.; Castillo, C.H.; Godoy, P.M.; Hjelle, B.; Ferres, M.G. Hantavirus
Prevalence in the IX Region of Chile. Emerg. Infect. Dis. 2003, 9, 827-832.

Valderrama, R.; Vega, J.; Terry, W.; Aguilar, G.; Gallegos, N.; Escobar, P.E.A. Community
Serological Survey of Infection by Hantavirus in the XI Region, Aysen, Chile. In Proceedings of The
Fourth International Conference on HFRS and Hantaviruses, Atlanta, GA, USA, 5-7 March 1998.
Padula, P.J.; Martinez, V.J.; Cueto, G.R.; Cavia, R.; Suarez, O.V. Partial Genetic Characterization
of SEOUL Hantavirus in Rats from Buenos Aires City, Argentina, and Generation of a SEOUL
Recombinant Nucleoprotein Antigen. Rev. Pan-Amaz. Saude. 2010, 1, 97-103.

Lederer, S.; Lattwein, E.; Hanke, M.; Sonnenberg, K.; Stoecker, W.; Lundkvist, A.; Vaheri, A.;
Vapalahti, O.; Chan, P.K.; Feldmann, H.; et al. Indirect Immunofluorescence Assay for the
Simultaneous Detection of Antibodies Against Clinically Important Old and New World
Hantaviruses. PLOS Negl. Trop. Dis. 2013, 7, €2157.

Ferrer, J.F.; Jonsson, C.B.; Esteban, E.; Galligan, D.; Basombrio, M.A.; Peralta-Ramos, M.;
Bharadwaj, M.; Torrez-Martinez, N.; Callahan, J.; Segovia, A.; et al. High Prevalence of
Hantavirus Infection in Indian Communities of the Paraguayan and Argentinean Gran Chaco.
Am. J. Trop. Med. Hyg. 1998, 59, 438—444.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).



