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Abstract
Rodent-borne hantaviruses have received considerable attention in recent years due to the high
mortality rate in humans that their infections cause. Anthropogenic stressors are key factors in the
emergence of hantavirus-associated diseases. Urbanization, deforestation, noise pollution, artificial lighting
and electromagnetic fields are the most common forms of human impact on the environment. An
increased systemic concentration of the immunosuppressive class of steroid hormone glucocorticoid is
a frequent consequence of chronic anthropogenic stress. Elevated glucocorticoid levels play a crucial
role in modulating immune tolerance of rodents, thereby enabling establishment of the host-pathogen
interaction. Glucocorticoids support virus persistence in the reservoir host by activating an organ-specific
regulatory response mediated by T regulatory lymphocytes to reduce inflammatory and antiviral responses,
principally via production of cytokines interleukin-10 and transforming growth factor-β. In-depth analysis
of this mechanism would help to understand how rodents maintain a disease-free condition. This may
have implications for a cost-effective intervention strategy against hantavirus and other zoonotic human
pathogens.
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Introduction
Hantavirus, a negative-sensed, enveloped, single
stranded RNA virus that belongs to the genus
Hantavirus and family Bunyaviridae, is a deadly
zoonotic virus harboured by rodents [1,2]. The RNA
genome of hantavirus consists of three elongated
and spherical segments, named large (L), medium (M)
and small (S), which code for RNA-dependent RNA
polymerase (RdRp), envelope glycoproteins (Gn and
Gc) and nucleocapsid (N), respectively [2]. Among
over 20 distinct hantavirus species at least 11 are
responsible for infection of humans [3]. While natural
reservoir rodents show no apparent sign of infection,
a person may develop potentially fatal clinical
disease manifestations [4]. Anthropogenic events
followed by anthropogenic stresses to rodents
are recognized as a major driving force for the
emergence of hantavirus in rodents [5]. These
anthropogenic stresses have deleterious effects
on a rodent’s endocrine, immune, nervous and
physiological systems and hence alter the overall
functioning of its tissues and organs. Rodents
exposed to chronic anthropogenic stress express
elevated levels of glucocorticoid (GC) hormone.
This is accountable for reducing the resistance of
rodents to viruses and increasing their tolerance
to viral load of the reservoir host [6]. To facilitate
virus persistence in stressed rodents GC activates
an organ-specific regulatory mechanism, governed
primarily by T regulatory (Treg) lymphocytes and
interleukin (IL)-10, to reduce the inflammatory

response during infection. This review focuses
on why an understanding of factors behind viral
emergence is important, discusses the part played
by GC hormone in virus persistence and host
immune response to infection, and considers current
therapeutic measures to both prevent outbreaks and
treat cases of hantavirus.
Epidemiology and pathogenesis
Humans are the dead-end host for hantavirus and
become infected when coming into close contact
with egestion, excretions or secretions, or soiled
nesting material, of infected rodents. The most
frequent route of transmission is airborne, via
inhalation of aerosols containing virus particles [7,8].
The distribution of hantavirus species is determined
by the geographical location of their natural reservoir
rodents [9]. Individuals living in housing with poor
ventilation or containing urine, saliva or fresh
droppings from infected rodents, or on agricultural
land with an abundant rodent population, are most at
risk of infection [9,10]. Long-term forest habitation,
such as by military personnel, also increases exposure
to the virus [11]. Disturbed natural environments and
destruction of habitat promote loss of biodiversity
and drive the migration of infected rodents into
areas heavily populated by humans, which results in
raised rates of pathogen transmission. Russia and
China report the most cases of hantavirus infection
in Europe and Asia, respectively [12].

Hantavirus-associated clinical syndromes in
humans can be classified in either of two categories:
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haemorrhagic fever with renal syndrome (HFRS);
and hantavirus pulmonary syndrome (HPS). Although
HFRS and HPS share some common clinical
symptoms, which include overexpression of CD8+

T lymphocytes, increased vascular permeability and
elevated leucocytes in peripheral blood, some
features, notably mortality rates, differ [13].
As the name indicates, renal involvement with
haemorrhagic fever is associated most often with
HFRS. The course of clinical development of HFRS is
divided into five distinct stages: febrile; hypotensive;
oliguric; diuretic; and convalescent. The mortality
rate due to HFRS is 5-15% [14]. HPS is characterized
by influenza-like symptoms including headache, high
fever and myalgia. Hypotension and pulmonary
oedema may develop which often deteriorates
rapidly into acute respiratory failure, resulting in a
high mortality rate of around 50% [14,15].
Role of anthropogenic stressors as a key factor
for emergence
A key factor in the emergence of hantavirus
as well as of many other emerging infectious
diseases is the effect of anthropogenic stresses
to wildlife, which is a direct consequence of man-
made disturbances to the natural environment[16].
Commonly recognized anthropogenic stressors
include urbanization, deforestation, noise pollution,
light pollution and electromagnetic radiation.
Rodents are considered to serve as a suitable
reservoir for more than 60 human-infecting viruses,
which should be a serious concern for public health
[17].

The most prevalent adverse effects of
urbanization are habitat fragmentation, loss of
biodiversity, food scarcity, high food competition and
deforestation, all of which act as chronic stressors for
rodents. In response to such stimuli, rodents express
elevated levels of GC which lower their immunity to
viruses and alter their endocrine and physiological
balance [18,19]. Furthermore, loss of biodiversity
increases risks of pathogen transmission [20].

Rodents that are exposed to chronic noise show
significant physiological alterations which include
increased corticosterone, modulated immunity,
and reductions in body weight, gastric secretion
and reproductive activity, none of which is
observed in rodents kept under conditions of
low noise or unbroken silence [21,22]. Significant
reductions in T lymphocyte concentration, humoral
immune response and phagocytic activity are also
experienced by noise-exposed rodents [23].

Prolonged artificial lighting at night reduces
body temperature, suppresses circadian activity and
initiates sleep deprivation in rodents. This further
activates the hypothalamic-pituitary-adrenal axis to
produce elevated levels of GC [24-26]. Suppression
of cell-mediated and humoral immune responses are
also observed in artificial light-exposed rodents [27].
Similarly, extended exposure to electromagnetic
fields acts as a chronic stressor of rodents, which
causes increased GC production and, subsequently,
suppression of cellular immunity [28,29].

Hantavirus outbreaks occur most often in
environments that are extensively disturbed due
to anthropogenic changes of the type described
above. Hence, the impact of anthropogenic
stressors on hantavirus emergence should be given
consideration because the interaction between
endocrine, immune and nervous systems is a
significant influence on the outcome of the host-
parasite interaction [5,30]. Each class of chronic
stressor is capable of reducing a rodent’s resistance
to infection [31]. A stress response is characterized
by increased GC expression, the effects of which
in rodents are classified into five categories:
increased blood glucose; reduced growth; decreased
reproductive performance; altered behaviour; and
suppressed immunity [32,33]. Chronic stress-induced
GC contributes to a rodent’s susceptibility to
infection by reducing its antiviral resistance and
elevating its tolerance to viruses. This viral
persistence mechanism is directed by a complex
cytokine cascade orchestrated by Treg lymphocytes
[6,34] (Figure 1).
Persistence and immune response – role of
glucocorticoid hormone
Understanding the mechanisms of hantavirus
persistence and of host immunity to chronic infection
is fundamental to development of future antiviral
therapies. The means by which rodents support
hantavirus without showing any symptoms of disease
is just starting to be revealed. Hantavirus-associated
clinical manifestations in humans are considered
to be due to excessive pro-inflammatory and
CD8+ T lymphocyte responses while rodents exhibit
lower pro-inflammatory and antiviral responses and
elevated regulatory responses [35,36].

During infection, monocytes and macrophages
are the first immune cells to become infected.
The virus expresses elevated levels of the enzyme
matrix metallopeptidase 9 which disrupts the
cell membrane, thereby facilitating dissemination
into tissues [37]. Reduced expression of antiviral
interferon (IFN)-β, IFN-γ and other pro-inflammatory
cytokines is observed in chronically infected rodents
[36]. Depletion of CD8+ T lymphocytes results in
increased viral load and mortality, which is a clear
indication of the crucial role of these cells in
suppressing hantavirus replication and host infection
[38,39]. Treg lymphocytes act to suppress pro-
inflammatory and CD8+ T cell activity to maintain host
homeostasis and thereby enable viral persistence
(Figure 1). Inactivation of Treg lymphocytes reduces
expression of viral RNA in rat lungs, which is indicative
of Treg involvement in hantavirus persistence [40]. Treg

lymphocytes further suppress expression of tumour
necrosis factor (TNF)-α and inflammatory responses
and promote expression of transforming growth
factor (TGF)-β, IL-10 and the transcription factor
Foxp3 [41]. T helper (Th) 1 CD4+ lymphocytes express
IFN-γ, IL-2 and TNF-α which also activates CD8+ T
lymphocytes, NK cells and macrophages [42], while
Th2 lymphocytes express IL-4, IL-5, IL-10 and IL-13 and
trigger antibody-mediated immunity [43].
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Figure 1 General overview of glucocorticoid-mediated hantavirus emergence and persistence in rodents.

Treg lymphocytes initiate Th1-Th2 pathway
polarization and also suppress the activity of
antigen-presenting cells, such as dendritic cells
(DC), macrophages and B lymphocytes [44-46].
Furthermore, Treg lymphocytes may be activated by
immature or tolerogenic DC mediated by TGF-β to
exert regulatory activity [45,47].

The anti-inflammatory role of GC is well
established. While chronic stress-induced GC is
responsible for immune suppression of rodents,
it likely activates an organ-specific regulation
that supports hantavirus persistence. GC blocks
inflammatory pathways and induces apoptosis
mediated by Treg lymphocytes [48-50]. GC not only
suppresses differentiation of DC but also induces
production of tolerogenic DC which express elevated
IL-10 and TGF-β. Tolerogenic DC are responsible
for generation and activation of Treg lymphocytes to
exert a regulatory control over CD8+ lymphocyte-
mediated antiviral responses [51,52]. GC initiates a
polarization of CD4+ lymphocyte subsets from Th1
to Th2 and increased production of Th2 cytokines
which further trigger alternatively activated M2
macrophages [52] (Figure 1). M2 macrophages are
characterized by increased production of IL-10 and
TGF-β, stimulated mainly by elevated levels of GC,
which also suppresses activity of naturally activated
M1 macrophages [52,53]. Depletion of GC leads
to high mortality rates due to an excessive pro-
inflammatory cytokine response despite efficient
virus clearance. This is indicative of the critical role of
GC in viral persistence and establishing an equitable
balance in the host-pathogen interaction [54,55].
Current approaches to therapy and prevention
There is currently no drug that is approved
by the US Food and Drug Administration for
treatment of hantavirus infection. Ribavirin (1-β-

D-ribofuranosyl-1,2,4-triazole-3-carboxamide) shows
some anti-hantaviral activity both in vitro and
in vivo but not sufficient to consider it further
for commercial development [56,57]. Considerable
efforts have been invested in designing an
efficacious vaccine against hantavirus but progress
is slow. A conventional vaccination approach is
followed in Asia, which includes rodent brain-
and cell culture-derived inactivated vaccines [58]
and in Korea mouse brain-derived Hantavax® was
marketed commercially [59]. However, none of these
is approved in the US for therapeutic use since
they do not provide protective immunity against
multiple pathogenic species [60,61]. Therefore,
current vaccine strategies are focused mainly on
developing a DNA vaccine that would protect against
a range of pathogenic species. Initial findings indicate
that a quadrivalent vaccine could be a promising
option for future vaccine research [62].

As successful prophylaxis or treatment for
hantavirus-associated clinical syndromes is not an
immediate prospect, low technology prevention
strategies remain the best tool to minimize the
impact of infection. Avoidance of contact with
rodents and their secretions is the simplest way to
prevent infection. However, farmers and workers in
other occupations at risk of exposure to abundant
rodent populations are advised to wear a face mask
to help prevent acquiring disease via inhalation
of infected aerosols. Proper ventilation with fresh
air is another way to keep infrequently used
accommodation free from risk of transmission [63].

Conclusions
The recent repeated emergence and reemergence
of infectious diseases highlight the urgent need for
effective public health surveillance and management
systems. Anthropogenic stressors to wildlife are
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key factors behind viral disease outbreaks, so
future research should consider a multi-disciplinary
strategy which involves all aspects of the virus
life cycle. This includes understanding the host-
pathogen relationship in the reservoir, in particular,
how wild animals maintain a disease-free condition
while supporting virus persistence. In the case of
hantavirus, this interaction is governed by GC, so
further study should focus on how GC and Treg

lymphocytes react under conditions of infection.
A systematic comparison of immune responses
following infection of human and rodent, and also
with respect to immunological profiles of wild
rodents, may help to reveal the roles of GC and
Treg lymphocytes under different conditions and their
interactions in antiviral responses in an organ-specific
manner. This may facilitate the development of an
effective antiviral therapeutic agent and alleviate
issues associated with current therapies.

Competing Interests
The authors have declared no competing interests.
 

References
1. Lee HW, Lee PW, Johnson KM (1978). Isolation of the etiologic

agent of Korean hemorrhagic fever. J Infect Dis, 137: 298-308.
2. Nichol ST, Beaty BJ, Elliott RM, Goldbach R, Plyusnin A,  et

al. (2005). Family Bunyaviridae. Fauquet CM, Mayo MA, Maniloff
J,  et al., eds. Virus Taxonomy: Eighth Report of the International
Committee on Taxonomy of Viruses, Academic Press, New York, pp
696-716.

3. Kukkonen SK, Vaheri A, Plyusnin A (2005). L protein, the RNA-
dependent RNA polymerase of hantaviruses. Arch Virol, 150:
533-556.

4. Ulrich R, Hjelle B, Pitra C, Krüger DH (2002). Emerging viruses: the
case 'hantavirus'. Intervirology, 45: 318-327.

5. Jonsson CB, Figueiredo LT, Vapalahti O (2010). A global
perspective on hantavirus ecology, epidemiology, and disease. Clin
Microbiol Rev, 23: 412-441.

6. Martin LB, Andreassi E, Watson W, Coon C (2011). Stress and animal
health: physiological mechanisms and ecological consequences.
Nat Educ Knowl, 3: 11.

7. Zöller L, Faulde M, Meisel H, Ruh B, Kimmig P,  et al.
(1995). Seroprevalence of hantavirus antibodies in Germany as
determined by a new recombinant enzyme immunoassay. Eur J Clin
Microbiol Infect Dis, 14: 305-313.

8. Deutz A, Fuchs K, Schuller W, Nowotny N, Auer H,  et al. (2003).
Seroepidemiological studies of zoonotic infections in hunters in
southeastern Austria - prevalences, risk factors, and preventive
methods. Berl Munch Tierarztl Wochenschr, 116: 306-11.

9. Watson DC, Sargianou M, Papa A, Chra P, Starakis I,  et al.
(2014). Epidemiology of Hantavirus infections in humans: a
comprehensive, global overview. Crit Rev Microbiol, 40: 261-272.

10. Winter CH, Brockmann SO, Piechotowski I, Alpers K, an der Heiden
M,  et al. (2009). Survey and case-control study during epidemics of
Puumala virus infection. Epidemiol Infect, 137: 1479-1485.

11. Mulic´ R, Ropac D (2002). Epidemiologic characteristics and
military implications of hemorrhagic fever with renal syndrome in
croatia. Croat Med J, 43: 581-586.

12. Suzán G, Marcé E, Giermakowski JT, Mills JN, Ceballos G,  et
al. (2009). Experimental evidence for reduced rodent diversity
causing increased hantavirus prevalence. PLoS One, 4: e5461.

13. Schönrich G, Rang A, Lütteke N, Raftery MJ, Charbonnel N,  et
al. (2008). Hantavirus-induced immunity in rodent reservoirs and
humans. Immunol Rev, 225: 163-189.

14. Muranyi W, Bahr U, Zeier M, van der Woude FJ (2005). Hantavirus
infection. J Am Soc Nephrol, 16: 3669-3679.

15. Pringle CR (2011). Hantavirus infection. Porter RS, ed. The Merck
Manual of Diagnosis and Therapy, 19th ed., Wiley Publishers,
Indianapolis, pp. 1383-1387.

16. Daszak P, Cunningham AA, Hyatt AD (2001). Anthropogenic
environmental change and the emergence of infectious diseases
in wildlife. Acta Trop, 78: 103-116.

17. Mills JN (2006). Biodiversity loss and emerging infectious
disease: an example from the rodent-borne hemorrhagic fevers.
Biodiversity, 7: 9-17.

18. Bradley CA, Altizer S (2007). Urbanization and the ecology of
wildlife diseases. Trends Ecol Evol, 22: 95-102.

19. Pergams OR, Lawler JJ (2009). Recent and widespread rapid
morphological change in rodents. PLoS One, 4: e6452.

20. Suzán G, Marcé E, Giermakowski JT, Mills JN, Ceballos G,  et
al. (2009). Experimental evidence for reduced rodent diversity
causing increased hantavirus prevalence. PLoS One, 4: e5461.

21. Wright AJ, Soto AG, Baldwin AL, Bateson M, Beale CM,  et al. (2007).
Anthropogenic noise as a stressor in animals: a multidisciplinary
perspective. Int J Comp Psychol, 20: 250-273.

22. Baldwin AL (2007). Effects of noise on rodent physiology. Int J
Comp Psychol, 20: 134-144.

23. Kight CR, Swaddle JP (2011). How and why environmental noise
impacts animals: an integrative, mechanistic review. Ecol Lett, 14:
1052-1061.

24. Navara KJ, Nelson RJ (2007). The dark side of light at night:
physiological, epidemiological, and ecological consequences. J
Pineal Res, 43: 215-224.

25. Meerlo P, Koehl M, van der Borght K, Turek FW (2002). Sleep
restriction alters the hypothalamic-pituitary-adrenal response to
stress. J Neuroendocrinol, 14: 397-402.

26. Ikeda M, Sagara M, Inoué S (2000). Continuous exposure to
dim illumination uncouples temporal patterns of sleep, body
temperature, locomotion and drinking behavior in the rat. Neurosci
Lett, 279: 185-189.

27. Van der Meer E, Van Loo PL, Baumans V (2004). Short-term effects
of a disturbed light-dark cycle and environmental enrichment on
aggression and stress-related parameters in male mice. Lab Anim,
38: 376-383.

28. Dhabhar FS, Miller AH, McEwen BS, Spencer RL (1995). Effects
of stress on immune cell distribution. Dynamics and hormonal
mechanisms. J Immunol, 154: 5511-5527.

29. Batuman OA, Sajewski D, Ottenweller JE, Pitman DL, Natelson BH
(1990). Effects of repeated stress on T cell numbers and function
in rats. Brain Behav Immun, 4: 105-117.

30. Dantzer R, O'Connor JC, Freund GG, Johnson RW, Kelley KW
(2008). From inflammation to sickness and depression: when the
immune system subjugates the brain. Nat Rev Neurosci, 9: 46-56.

31. Padgett DA, Glaser R (2003). How stress influences the immune
response. Trends Immunol, 24: 444-448.

32. Romero LM (2004). Physiological stress in ecology: lessons from
biomedical research. Trends Ecol Evol, 19: 249-255.

33. Dickens MJ, Delehanty DJ, Romero LM (2010). Stress: An inevitable
component of animal translocation. Biol Conserv, 143: 1329-1341.

34. Sternberg EM (2006). Neural regulation of innate immunity: a
coordinated nonspecific host response to pathogens. Nat Rev
Immunol, 6: 318-328.

35. Muranyi W, Bahr U, Zeier M, van der Woude FJ (2005). Hantavirus
infection. J Am Soc Nephrol, 16: 3669-3679.

36. Easterbrook JD, Klein SL (2008). Corticosteroids modulate
Seoul virus infection, regulatory T-cell responses and matrix
metalloprotease 9 expression in male, but not female, Norway
rats. J Gen Virol, 89: 2723-2730.

37. Easterbrook JD, Klein SL (2008). Immunological mechanisms
mediating hantavirus persistence in rodent reservoirs. PLoS
Pathog, 4: e1000172.

38. Dohmae K, Okabe M, Nishimune Y (1994). Experimental
transmission of hantavirus infection in laboratory rats. J Infect Dis,
170: 1589-1592.

39. Araki K, Yoshimatsu K, Lee BH, Kariwa H, Takashima I,  et al. (2004).
A new model of Hantaan virus persistence in mice: the balance
between HTNV infection and CD8+ T-cell responses. Virology, 322:
318-327.

40. Belkaid Y (2007). Regulatory T cells and infection: a dangerous
necessity. Nat Rev Immunol, 7: 875-888.

41. Schountz T, Prescott J, Cogswell AC, Oko L, Mirowsky-Garcia K,  et
al. (2007). Regulatory T cell-like responses in deer mice persistently
infected with Sin Nombre virus. Proc Natl Acad Sci U S A, 104:
15496-15501.

42. Mosmann TR, Coffman RL (1989). TH1 and TH2 cells: different
patterns of lymphokine secretion lead to different functional
properties. Annu Rev Immunol, 7: 145-173.

43. Farrar JD, Ouyang W, Löhning M, Assenmacher M, Radbruch A,  et
al. (2001). An instructive component in T helper cell type 2 (Th2)
development mediated by GATA-3. J Exp Med, 193: 643-650.

44. Zhao DM, Thornton AM, DiPaolo RJ, Shevach EM (2006). Activated
CD4+CD25+ T cells selectively kill B lymphocytes. Blood, 107:
3925-3932.



5

45. Sakaguchi S, Wing K, Onishi Y, Prieto-Martin P, Yamaguchi T (2009).
Regulatory T cells: how do they suppress immune responses? Int
Immunol, 21: 1105-1111.

46. Campbell DJ, Ziegler SF (2007). FOXP3 modifies the phenotypic
and functional properties of regulatory T cells. Nat Rev Immunol, 7:
305-310.

47. Raftery MJ, Kraus AA, Ulrich R, Krüger DH, Schönrich G (2002).
Hantavirus infection of dendritic cells. J Virol, 76: 10724-10733.

48. Refojo D, Liberman AC, Holsboer F, Arzt E (2001). Transcription
factor-mediated molecular mechanisms involved in the functional
cross-talk between cytokines and glucocorticoids. Immunol Cell
Biol, 79: 385-394.

49. Stary G, Klein I, Bauer W, Koszik F, Reininger B,  et al. (2011).
Glucocorticosteroids modify Langerhans cells to produce TGF-β
and expand regulatory T cells. J Immunol, 186: 103-112.

50. Ashwell JD, Lu FW, Vacchio MS (2000). Glucocorticoids in T cell
development and function. Annu Rev Immunol, 18: 309-345.

51. Baschant U, Tuckermann J (2010). The role of the glucocorticoid
receptor in inflammation and immunity. J Steroid Biochem Mol Biol,
120: 69-75.

52. Ahsan MR, Mahmud-Al-Rafat A, Mahbub-E Sobhani, Molla MAW
(2013). Biomolecular basis of the role of chronic psychological
stress hormone "glucocorticoid" in alteration of cellular immunity
during cancer. Memo - Magazine of Eur Med Oncol, 6: 127-136.

53. Gratchev A, Kzhyshkowska J, Kannookadan S, Ochsenreiter M,
Popova A,  et al. (2008). Activation of a TGF-β specific multistep
gene expression program in mature macrophages requires
glucocorticoid-mediated surface expression of TGF-β receptor II. J
Immunol, 180: 6553-6565.

54. Bailey M, Engler H, Hunzeker J, Sheridan JF (2003). The
hypothalamic-pituitary-adrenal axis and viral infection. Viral
Immunol, 16: 141-157.

55. Ruzek MC, Pearce BD, Miller AH, Biron CA (1999). Endogenous
glucocorticoids protect against cytokine-mediated lethality during
viral infection. J Immunol, 162: 3527-3533.

56. Chapman LE, Ellis BA, Koster FT, Sotir M, Ksiazek TG,  et al. (2002).
Ribavirin Study Group: discriminators between hantavirus-infected
and -uninfected persons enrolled in a trial of intravenous ribavirin
for presumptive hantavirus pulmonary syndrome. Clin Infect Dis,
34: 293-304.

57. Severson WE, Schmaljohn CS, Javadian A, Jonsson CB (2003).
Ribavirin causes error catastrophe during Hantaan virus
replication. J Virol, 77: 481-488.

58. Piyasirisilp S, Schmeckpeper BJ, Chandanayingyong D,
Hemachudha T, Griffin DE (1999). Association of HLA and T-cell
receptor gene polymorphisms with Semple rabies vaccine-induced
autoimmune encephalomyelitis. Ann Neurol, 45: 595-600.

59. Park K, Kim CS, Moon KT (2004). Protective effectiveness of
hantavirus vaccine. Emerg Infect Dis, 10: 2218-2220.

60. Schmaljohn C (2009). Vaccines for hantaviruses. Vaccine, 27 Suppl
4: D61-64.

61. Hooper JW, Custer DM, Thompson E, Schmaljohn CS (2001). DNA
vaccination with the Hantaan virus M gene protects hamsters
against three of four HFRS hantaviruses and elicits a high-titer
neutralizing antibody response in Rhesus monkeys. J Virol, 75:
8469-8477.

62. Hooper JW, Josleyna M, Ballantyneb J, Brocato R (2013). A novel
Sin Nombre virus DNA vaccine and its inclusion in a candidate pan-
hantavirus vaccine against hantavirus pulmonary syndrome (HPS)
and hemorrhagic fever with renal syndrome (HFRS). Vaccine, 31:
4314-4321.

63. Watson DC, Sargianou M, Papa A, Chra P, Starakis I,  et al.
(2014). Epidemiology of Hantavirus infections in humans: a
comprehensive, global overview. Crit Rev Microbiol, 40: 261-272.


