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Figure. Phylogeny of hantaviruses and their relationships to natural reservoirs. The trees were constructed by
comparing the complete coding regions of the S segments of hantaviruses or of 330 nucleotides corresponding to those
of the M segment of Hantaan virus (strain 76118) from nucleotides 1987 to 2315. Abrreviations for viruses are as in
Table 1. For each analysis, a single most parsimonious tree was derived by using PAUP 3.1.1 software. For the S
segment tree, boostrap values resulting from 100 replications were all greater than 87% except for the branch leading

to BCC (78%) and the branch leading to DOB (52%). The hext most common placing of DOB was on a branch with HTN.

however, the original data suggest that an error

in the nucleotide sequence, resulting in a frame
shift reading error, may account for almost all of
the additional changes. PUU virus isolates vary
the most, with M segment nucleotide and amino
acid sequence homologies of 83% and 94%
observed between a Finnish and Russian isolate.
HTN virus also appears to be quite stable in
nature. Comparing the M segment sequences of
prototype HTN virus (from  Apodemus) and those
of two human isolates obtained at a 6-year
interval from HFRS patients in Korea produced
nucleotide and deduced amino acid sequence
homologies of 94% and 97%, respectively (48). For
SN virus, comparing the complete M or S
segment sequences of three strains from
California or New Mexico produced homologies of
87% to 99%. Partial nucleotide sequence com-
parisons of the M or S segments of SN viruses
from adjacent counties in California, detected in
deer mice captured 19 years apart, were 97.5%
homologous (49). Similarly, a retrospective
analysis of archived tissue samples collected in
Mono County, California, in 1983 showed viruses
with partial M and S segment nucleotide
sequence homologies of about 87% with SN from
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an 1993 HPS patient from New Mexico (50). In all
cases, the amino acid sequences encoded by these
genes differed between cognate proteins by much
less than 5%. These values are similar to those
observed among strains of HTN virus. Studies
have just begun to appear in which the nature of
quasispecies in natural rodent hosts is defined
(43,51). Such investigations should provide more
definitive data concerning the genetic diversity
among hantaviruses in nature.

Evolution of Hantaviruses

Phylogenetic trees derived by comparing
complete or partial S (Figure), M, or L segment
nucleotide sequences (41,52,53) show two major
lineages of hantaviruses, one leading to HTN,
SEO, Thailand, and DOB viruses, and one
leading to PUU, Prospect Hill, SN, and other
New World hantaviruses. TPM virus, the first
hantavirus isolated in cell culture (54), may be
the most antigenically and genetically disparate
member of the genus; however, comparison of the
complete nucleotide sequence of the TPM S
segment (A. Toney, B. Meyer, C. Schmaljohn,
unpub. data) suggests that TPM virus is more
closely related to HTN, SEO, and DOB viruses
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than to any of the other viruses in the genus
(Figure). Nucleotide sequence homologies of the
M and S segments of any two hantaviruses have
approximately the same degree of divergence
between each of the three segments, which sug-
gests similar evolutionary rates for these two
gene segments. A slightly higher homology among
L segments sequenced to date perhaps indicates
a greater need for conservation of either RNA or
protein functions (47). Point mutations appear to
account for most of the genetic drift among
hantaviruses. Recombination has not been reported
for hantaviruses, although segment reassortment
within a particular species appears common
(52,55). The exchange of gene segments is sug-
gested to be nonrandom, with a higher propensity
for M segment swapping, than for S or L (55).
Whether it contributes to the pathogenesis of
hantaviruses is not known, but reassortment cer-
tainly provides an avenue for more rapid accumu-
lation of changes than could occur by point
mutation. There is no evidence that reassortment
can occur between different species of hantaviruses;
however, this has not been studied systematically.

Murid rodents have probably harbored
inapparent hantavirus infections for thousands,
perhaps millions of years. It is likely that the
genus Hantavirus evolved in the Old World and
that viruses were carried by rodents across the
Bering land bridge when they migrated during
the Oligocene, and into South America in the
Pliocene (71). Humans are incidental hosts, the
victims of spillover infections from the natural
host rodents. One of the two major forms of
hanta-viral diseases isendemic in each hemisphere.
Both HFRS and HPS can be divided into distinct
clinical subtypes, and the viral strain is a key
determinant of the severity and nature of the
clinical abnormalities. Not covered in this review
are clinical studies of HFRS and HPS patients,
which suggest that pathogenesis may be immuno-
logic and may be mediated by cytokine responses
(72). New outbreaks with novel hantavirus strains
are still being uncovered, especially in South
America. However, the largest clinical caseload and
largest number of deaths occur in Asiaand Europe.

Dr. Schmaljohn is chief, Department of Molecular
Virology, USAMRID. Current research interests

Emerging Infectious Diseases

102

include the development of molecular vaccines for
hantaviruses, filoviruses, and flaviviruses.

Dr. Hjelle has been active in studies of the molecular
biology, evolution, epidemiology, and clinical aspects
of hantavirus disease. His laboratory is a reference
diagnostic center for hantavirus infections of humans
and animals and has recently received funding to
develop innovative vaccine strategies against HPS
and other emerging viral diseases.
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