
In the past 20 years of surveillance for hantavirus 
in humans in the United States, 624 cases of hantavirus 
pulmonary syndrome (HPS) have been reported, 96% 
of which occurred in states west of the Mississippi River. 
Most hantavirus infections are caused by Sin Nombre virus, 
but cases of HPS caused by Bayou, Black Creek Canal, 
Monongahela, and New York viruses have been reported, 
and cases of domestically acquired hemorrhagic fever and 
renal syndrome caused by Seoul virus have also occurred. 
Rarely, hantavirus infections result in mild illness that does 
not progress to HPS. Continued testing and surveillance of 
clinical cases in humans will improve our understanding of 
the etiologic agents involved and the spectrum of diseases.

In 1993, an outbreak of severe respiratory illness in the 
Four Corners region of the United States (defined by the 

shared borders between the states of New Mexico, Arizona, 
Colorado, and Utah) made national headlines. The subse-
quent discovery of a new disease, hantavirus pulmonary 
syndrome (HPS) (1), its etiologic agent, Sin Nombre virus 
(SNV) (2), and its rodent reservoir, the deer mouse (Pero-
myscus maniculatus) (3), were among the most prominent 
findings in a flood of new revelations about hantaviruses in 
the Americas. Reliable and rapid diagnostic tests coupled 
with national surveillance created conditions whereby pa-
tients were tested, relevant information was gathered re-
garding rodent exposures, and potential rodent virus hosts 
were caught and tested. Within a few years, 4 additional 
disease-associated hantaviruses indigenous to the United 
States were described: Bayou, Black Creek Canal, New 
York, and Monongahela viruses. We now understand that 
several hantaviruses are endemic to North America, and in-
fections in humans continue to occur where humans come 
into contact with infected rodents. Through a review of lit-
erature and data from the hantavirus surveillance registry 

of the Centers for Disease Control and Prevention (CDC), 
Atlanta, Georgia, USA, we have summarized the spectrum 
and distribution of human hantavirus infections in the Unit-
ed States through July 9, 2013.

Hantaviruses (family Bunyaviridae, genus Hantavirus) 
are rodent- and insectivore-borne viruses that are distributed 
in all continents except Antarctica (4). It is not known if all 
hantaviruses cause disease in humans. Humans become in-
fected through direct contact with infected rodents or inhala-
tion of virus that has been shed in rodent excreta, blood, and 
saliva and then become aerosolized. Old World hantaviruses 
that are known human pathogens (e.g., Hantaan, Dobrava, 
Seoul, and Puumala viruses) cause hemorrhagic fever and 
renal syndrome (HFRS), in which the primary organ af-
fected is the kidney. Symptoms include fever; myalgia; and 
gastrointestinal, urinary, cerebral, and conjunctival hemor-
rhage. Acute renal failure with oliguria caused by HFRS 
often lasts for several days before spontaneously resolving 
(5). All known New World hantaviruses pathogenic to hu-
mans, including SNV and Andes virus, cause HPS, in which 
the primary organ affected is the lungs. Symptoms include a 
prodrome of fever, myalgia, and gastrointestinal symptoms 
followed by a rapid onset of pulmonary edema (1,6,7). Be-
cause cardiac insufficiency, leading to cardiac failure and 
death, can be prominent in severe cases, many investigators 
and clinicians refer to the disease as hantavirus cardiopul-
monary syndrome (8,9). Thrombocytopenia, left shift, and 
hemoconcentration are typical abnormal laboratory findings 
(10). The only hantavirus species with evidence of human-
to-human transmission is Andes virus, which is endemic to 
South America (5). In the United States, ≈90% of hantavirus 
infections are acquired through household or occupational 
exposures (11), although a 2012 outbreak among Yosemite 
National Park visitors is a noteworthy example of recreation-
al hantavirus exposure (12).

National surveillance for hantavirus infections in the 
United States began in 1993, and HPS became national-
ly notifiable in 1995 (13). The clinical case definition, as  
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approved by the Council of State and Territorial Epidemi-
ologists, includes fever and pulmonary symptoms (bilateral 
diffuse interstitial edema, clinical diagnosis of acute respi-
ratory distress syndrome, or radiographic evidence of non-
cardiogenic pulmonary edema) or unexplained respiratory 
illness resulting in death and an autopsy examination dem-
onstrating noncardiogenic pulmonary edema without iden-
tifiable cause (14). Clinically compatible HPS cases are 
confirmed by laboratory testing (serologic analysis, PCR, 
or immunohistochemical analysis) with results positive for 
hantavirus infection. Laboratory confirmation is required 
for a case to be reported through the Nationally Notifiable 
Diseases Surveillance System.

As of July 9, 2013, there have been 624 reported cases 
of HPS in 34 states (Figure), including 31 cases that oc-
curred before 1993 and were retrospectively diagnosed 
from archived autopsy tissues or convalescent serum sam-
ples (15–17). Exposure location was determined for 593 
cases, and 570 (96%) of these exposures occurred in states 
west of the Mississippi River. Twelve infections were con-
firmed by PCR analysis to be caused by hantavirus species 

other than SNV (Table): 5 infections were caused by Bayou 
virus, 1 by Black Creek Canal virus, 2 by New York virus, 
and 4 by Monongahela virus. Because available serologic 
tests are broadly cross-reactive for all New World hanta-
viruses (18,19), virus identification must be performed by 
PCR with sequencing; this method requires acute specimens 
to be collected and transported to the laboratory frozen to 
preserve RNA for analysis. This is not always possible, but 
attempts to collect specimens suitable for molecular analy-
sis can greatly contribute to our further understanding of 
the hantaviruses causing disease in the United States.

CDC has recorded a total of 10 laboratory confirmed 
cases of acute hantavirus infection that did not fit the clini-
cal case definition of HPS, 6 of which clinical case descrip-
tions have been reported previously (12,27,28). Because 
these patients did not have pulmonary symptoms, they 
were not included in the national HPS case counts. It is 
believed that human hantavirus infections infrequently re-
sult in mild illness without pulmonary symptoms, an as-
sertion that was strengthened in the wake of the 2012 Yo-
semite outbreak, where only 2 acute laboratory-confirmed 
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Figure. Hantavirus pulmonary 
syndrome (HPS) cases by 
state of exposure, United 
States, 1993–2013. A total 
of 624 cases occurred in 34 
states; the state of exposure 
was unknown for another 28 
cases. The cumulative case 
count for each state was 
current as of July 9, 2013. 

  

Table. Summary of laboratory-confirmed hantavirus pulmonary syndrome cases caused by viruses other than Sin Nombre virus, 
United States, 1993–2007 
Virus, reservoir, state No. cases Year References 
Bayou, Marsh rice rat (Oryzomys palustris)   (18,20,21) 
 Texas 4 1995, 1996, 2001, 2007  
 Louisiana 1 1993  
Black Creek Canal, Hispid cotton rat (Sigmodon hispidus)   (19) 
 Florida 1 1993  
New York, White-footed mouse (Peromyscus leucopus)    (22,23) 
 New York 2 1994, 1995  
Monongahela, Deer mouse (P. maniculatus)   (24–26) 
 Pennsylvania 2 1997  
    West Virginia 2 2004  
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hantavirus infections without pulmonary symptoms were 
identified, in spite of extensive serologic testing—more 
than 3,000 samples were tested at 1 commercial laboratory 
alone (29). However, as long as pulmonary symptoms are a 
required element for reporting of hantavirus cases to CDC 
(and likely also to state public health authorities), these 
milder cases of hantavirus infection will continue to go un-
counted. This presents a missed opportunity in understand-
ing the full spectrum of hantavirus disease, and reduced 
awareness of where and how persons are exposed to hanta-
viruses. In this light, we propose that the clinical case defi-
nition should be adjusted so that all laboratory-confirmed 
hantavirus infections are reportable to health authorities.

Old World hantaviruses have also been found in this 
country. For example, Seoul virus has been found in Norway 
rats (Rattus norvegicus) and black rats (Rattus rattus) in ur-
ban areas throughout the United States (30,31). A series of 
serosurveys in Baltimore, Maryland, residents demonstrated 
that humans had serologic evidence of exposure to Seoul vi-
rus and identified 3 cases that fit the clinical criteria of acute 
HFRS (32). In 2008, the first domestically acquired Seoul 
virus infection to be confirmed by PCR was discovered in 
a Baltimore resident (33). An unconfirmed HPS case attrib-
uted to domestically acquired Seoul virus infection in Texas 
in 2010 has also been described (34). HFRS should be con-
sidered in cases of fever and acute renal failure in persons 
living or working in environments that may have rats.

Imported cases of hantavirus infection have also oc-
curred in the United States; the first were described in the 
1950s when HFRS was detected in 2 military personnel 
returning from the Korean War (35,36). More recently, in 
2009, HFRS resulting from an imported case of Seoul virus 
infection developed in a Wisconsin resident shortly after 
he returned from a visit to China (37); in 2010, serologi-
cally confirmed HPS resulting from an infection acquired 
in Brazil developed in a Brazilian visitor to Florida (38); 
and in 2012, HFRS resulting from Puumala virus infec-
tion acquired in Germany developed in a German visitor 
to Florida.

HPS caused by SNV continues to be the predominant 
form of hantavirus infection in the United States. However, 
we must continue to consider hantaviruses as a cause of 
disease in patients with rodent exposures that are outside 
the western United States, that differ from the usual clinical 
presentation of pulmonary disease, or that are not associ-
ated with deer mouse exposure.
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Special Pathogens Branch, CDC. Her primary research interests 
are zoonotic diseases.

Dr Rollin is a medical doctor and team lead in the Viral Spe-
cial Pathogens Branch, CDC. His research interests are zoonotic 
and high-containment viruses.

References

  1.	 Duchin JS, Koster FT, Peters CJ, Simpson GL, Tempest B,  
Zaki SR, et al. Hantavirus pulmonary syndrome: a clinical  
description of 17 patients with a newly recognized disease.  
N Engl J Med. 1994;330:949–55. http://dx.doi.org/10.1056/
NEJM199404073301401

  2.	 Nichol ST, Spiropoulou CF, Morzunov S, Rollin PE, Ksiazek TG,  
Feldmann H, et al. Genetic Identification of a hantavirus  
associated with an outbreak of acute respiratory illness. Science. 
1993;262:914–7. http://dx.doi.org/10.1126/science.8235615

  3.	 Childs JE, Ksiazek TG, Spiropoulou CF, Krebs JW, Morzunov S, 
Maupin GO, et al. Serologic and genetic identification of Peromyscus  
maniculatus as the primary rodent reservoir for a new hantavirus 
in the southwestern United States. J Infect Dis. 1994;169:1271–80. 
http://dx.doi.org/10.1093/infdis/169.6.1271

  4.	 Schmaljohn CS, Nichol ST. Bunyaviridae. In: Knipe DM, Howley 
PM, editors. Fields virology. 5th ed. Philadelphia: Lippincott Wil-
liams & Wilkins; 2007. p. 1742.

  5.	 Jonsson CB, Figueiredo LTM, Vapalahti O. A global perspective on 
hantavirus ecology, epidemiology, and disease. Clin Microbiol Rev. 
2010;23:412–41. http://dx.doi.org/10.1128/CMR.00062-09

  6.	 MacNeil A, Nichol S, Spiropoulou C. Hantavirus pulmonary  
syndrome. Virus Res. 2011;162:138–47. http://dx.doi.org/10.1016/ 
j.virusres.2011.09.017

  7.	 Simpson SQ, Spikes L, Patel S, Faruqi I. Hantavirus pulmonary 
syndrome. Infect Dis Clin North Am. 2010;24:159–73. http://dx.doi.
org/10.1016/j.idc.2009.10.011

  8.	 Dietl CA. Extracorporeal membrane oxygenation support im-
proves survival of patients with severe hantavirus cardiopulmonary  
syndrome. J Thorac Cardiovasc Surg. 2008;135:579. http://dx.doi.
org/10.1016/j.jtcvs.2007.11.020

  9.	 Hallin GW Simpson S, Crowell R, James D, Koster F, Mertz G, 
et al. Cardiopulmonary manifestations of hantavirus pulmonary  
syndrome. Crit Care Med. 1996;24:252–8. http://dx.doi.
org/10.1097/00003246-199602000-00012

10.	 Koster F, Foucar K, Hjelle B, Scott A, Chong Y-Y, Larson R,  
et al. Rapid presumptive diagnosis of hantavirus cardiopulmonary 
syndrome by peripheral blood smear review. Am J Clin Pathol. 
2001;116:665–72. http://dx.doi.org/10.1309/CNWF-DC72-QYMR-
M8DA

11.	 Young JC, Hansen G, Graves T, Deasy M, Humphreys J, Fritz C,  
et al. The incubation period of hantavirus pulmonary syndrome.  
Am J Trop Med Hyg. 2000;62:714–7.

12.	 Centers for Disease Control and Prevention. Hantavirus pulmonary 
syndrome in visitors to a national parkYosemite Valley, California,  
2012. MMWR Morb Mortal Wkly Rep. 2012;61:952.

13.	 Khan AS, Khabbaz RF, Armstrong LR, Holman RC, Bauer SP, 
Graber J, et al. Hantavirus pulmonary syndrome: the first 100 US 
cases. J Infect Dis. 1996;173:1297–303. http://dx.doi.org/10.1093/
infdis/173.6.1297

14.	 Centers for Disease Control and Prevention. Nationally  
Notifiable Diseases Surveillance System. Hantavirus pulmonary  
syndrome 2010 case definition [cited 2013 Jul 8].  http://wwwn.
cdc.gov/NNDSS/script/casedef.aspx?CondYrID=697&Date 
Pub=1/1/2010 

15.	 Zaki SR, Khan AS, Goodman RA, Armstrong LR, Greer PW, 
Coffield LM, et al. Retrospective diagnosis of hantavirus pulmo-
nary syndrome, 1978–1993: implications for emerging infectious  
diseases. Arch Pathol Lab Med. 1996;120:134–9.

16. 	 Frampton JW, Lanser S, Nichols CR, Ettestad PJ. Sin Nombre 
virus infection in 1959. Lancet. 1995;346:781–2. http://dx.doi.
org/10.1016/S0140-6736(95)91542-7

17.	 MacNeil A, Ksiazek TG, Rollin PE. Hantavirus pulmonary  
syndrome, United States, 1993–2009. Emerg Infect Dis. 
2011;17:1195–201. http://dx.doi.org/10.3201/eid1707.101306

1936	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 12, December 2013



18.	 Khan AS, Spiropoulou CF, Morzunov S, Zaki SR, Kohn MA,  
Nawas SR, et al. Fatal illness associated with a new hantavirus in 
Louisiana. J Med Virol. 1995;46:281–6. http://dx.doi.org/10.1002/
jmv.1890460320

19.	 Khan AS, Gaviria M, Rollin PE, Hlady WG, Ksiazek TG, Armstrong 
LR, et al. Hantavirus pulmonary syndrome in Florida: association 
with the newly identified Black Creek Canal virus. Am J Med. 
1996;100:46–8. http://dx.doi.org/10.1016/S0002-9343(96)90010-8

20.	 Rivers MN, Alexander J, Rohde R, Pierce JR. Hantavirus pulmo-
nary syndrome in Texas: 1993–2006. South Med J. 2009;102:36–41. 
http://dx.doi.org/10.1097/SMJ.0b013e318187d06f

21.	 Hjelle B, Goade D, Torrez Martinez N, Lang Williams M, Kim J, 
Harris RL, et al. Hantavirus pulmonary syndrome, renal insuffi-
ciency, and myositis associated with infection by Bayou hantavirus.  
Clin Infect Dis. 1996;23:495–500. http://dx.doi.org/10.1093/ 
clinids/23.3.495

22.	 Hjelle B, Krolikowski J, Torrez Martinez N, Chavez Giles F, Vanner 
C, Laposata E. Phylogenetically distinct hantavirus implicated in a 
case of hantavirus pulmonary syndrome in the northeastern Unit-
ed States. J Med Virol. 1995;46:21–7. http://dx.doi.org/10.1002/
jmv.1890460106

23.	 Huang C, Campbell WP, Means R, Ackman DM. Hantavirus S 
RNA sequence from a fatal case of HPS in New York.  
J Med Virol. 1996;50:5–8. http://dx.doi.org/10.1002/(SICI)1096-
9071(199609)50:1<5::AID-JMV2>3.0.CO;2-5

24.	 Song JW, Baek LJ, Nagle JW, Schlitter D, Yanagihara R. Genetic 
and phylogenetic analyses of hantaviral sequences amplified from 
archival tissues of deer mice (Peromyscus maniculatus nubiterrae) 
captured in the eastern United States. Arch Virol. 1996;141:959–67. 
http://dx.doi.org/10.1007/BF01718170

25.	 Rhodes LV, Huang C, Sanchez AJ, Nichol ST, Zaki SR, Ksiazek TG, 
et al. Hantavirus pulmonary syndrome associated with Monongahela 
virus, Pennsylvania. Emerg Infect Dis. 2000;6:616–21. http://dx.doi.
org/10.3201/eid0606.000610

26.	 Sinclair JR, Carroll DS, Montgomery JM, Pavlin B, McCombs K, 
Mills JN, et al. Two cases of hantavirus pulmonary syndrome in 
Randolph County, West Virginia: a coincidence of time and place? 
Am J Trop Med Hyg. 2007;76:438–42.

27.	 Kitsutani PT, Denton R, Fritz C, Murray R, Todd R, Pape W,  
et al. Acute Sin Nombre hantavirus infection without pulmonary  
syndrome, United States. Emerg Infect Dis. 1999;5:701–5. http://
dx.doi.org/10.3201/eid0505.990512

28.	 Armstrong LR, Bryan RT, Sarisky J, Khan AS, Rowe T, Ettestad PJ, 
et al. Mild hantaviral disease caused by sin Nombre virus in a four-
year-old child. Pediatr Infect Dis J. 1995;14:1108–10. http://dx.doi.
org/10.1097/00006454-199512000-00019

29.	 Prince HE, Lieberman JM. Impact of the 2012 Yosemite hantavirus  
outbreak on hantavirus antibody testing at a national reference 
laboratory. Clin Vaccine Immunol. 2013;20:1213–6. http://dx.doi.
org/10.1128/CVI.00326-13

30.	 LeDuc JW, Smith GA, Johnson KM. Hantaan-like viruses from 
domestic rats captured in the United States. Am J Trop Med Hyg. 
1984;33:992–8.

31.	 Yanagihara R. Hantavirus infection in the United States: epizooti-
ology and epidemiology. Rev Infect Dis. 1990;12:449–57. http://
dx.doi.org/10.1093/clinids/12.3.449

32.	 Glass GE, Watson AJ, LeDuc JW, Childs JE. Domestic cases 
of hemorrhagic fever with renal syndrome in the United States.  
Nephron. 1994;68:48–51. http://dx.doi.org/10.1159/000188086

33.	 Woods C, Palekar R, Kim P, Blythe D, de Senarclens O, Feldman 
K, et al. Domestically acquired Seoul virus causing hemorrhagic 
fever with renal syndrome—Maryland, 2008. Clin Infect Dis. 
2009;49:e109–12. http://dx.doi.org/10.1086/644742

34.	 Roig IL, Musher DM, Tweardy DJ. Severe pulmonary involve-
ment in a case attributed to domestically acquired Seoul hantavirus 
in the United States. Clin Infect Dis. 2012;54:91–4. http://dx.doi.
org/10.1093/cid/cir748

35.	 Hibbard BZ, Ballard VB, Gibson DM. A case of epidemic hemor-
rhagic fever in the United States.  Ann Intern Med. 1954;40:1005–
10. http://dx.doi.org/10.7326/0003-4819-40-5-1005

36.	 Luger NM, Himes H. Epidemic hemorrhagic fever appearing 
in the United States; report of a case with renal biopsy studies. 
AMA Arch Intern Med. 1956;98:112–9. http://dx.doi.org/10.1001/
archinte.1956.00250250118016

37.	 Nielsen CF, Sethi V, Petroll AE, Kazmierczak J, Erickson BR, 
Nichol ST, et al. Seoul virus infection in a Wisconsin patient with 
recent travel to China, March 2009: first documented case in the 
midwestern United States. Am J Trop Med Hyg. 2010;83:1266–8. 
http://dx.doi.org/10.4269/ajtmh.2010.10-0424

38.	 Centers for Disease Control and Prevention. Summary of Notifiable 
DiseasesUnited States, 2010. MMWR Morb Mortal Wkly Rep. 
2012;59:1–111.

Address for correspondence: Barbara Knust, Centers for Disease Control 
and Prevention, 1600 Clifton Rd NE, Mailstop G14, Atlanta. GA 30333, 
USA; email: bknust@cdc.gov

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 12, December 2013	 1937

The opinions expressed by authors contributing to this journal  
do not necessarily reflect the opinions of the Centers for  
Disease Control and Prevention or the institutions with which the  
authors are affiliated.

The Public Health Image Library (PHIL)
The Public Health Image Library (PHIL), Centers for Disease 
Control and Prevention, contains thousands of public  
health-related images, including high-resolution (print quality) 
photographs, illustrations, and videos. 

PHIL collections illustrate current events and articles, supply 
visual content for health promotion brochures, document the 
effects of disease, and enhance instructional media.

PHIL Images, accessible to PC and Macintosh users, are in the 
public domain and available without charge.  

Visit PHIL at http://phil.cdc.gov/phil.

Hantavirus Infections United States




