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Abstract.

The nucleotide sequence of a portion of the nucleocapsid (N) gene of the Guanarito virus prototype

strain (INH-95551) has been determined. It was obtained by direct RNA and polymerase chain reaction (PCR)
fragment sequencing of the 3’ end of the small (S) RNA fragment. A comparison of this 782-nucleotide segment was
done with the known homologous gene sequences of five other arenaviruses: Junin, Machupo, Tacaribe, Pichinde,
and lymphocytic choriomeningitis (LCM). Phylogenetic analysis of the N gene open reading frame showed that
Guanarito virus is genetically distinct from other members of the Arenavirus family, with 32% nucleotide sequence
divergence from Junin, 30% from Machupo, 32% from Tacaribe, 41% from Pichinde, and 45% from LCM. Com-

" parison of amino acids encoded by this sequence region indicated a probable antigenic domain (amino acids 55-63)
shared among all arenaviruses studied to date. Along with its host restriction and focal distribution, our data support
the hypothesis that this virus has been evolving independently in its endemic focus, for some time.

There are now five arenaviruses recognized as human
pathogens in the Americas: Junin (JUN), Machupo (MAC),
Flexal (FLEX), Guanarito (GUA) and Sabia (SAB); the last
two have emerged only recently."* Venezuelan hemorrhagic
fever (VHF), caused by GUA virus, was first detected in
1989; 105 presumed cases and 26 deaths were reported by
1992 and many strains have been isolated from both humans
and rodents."* However, despite noticeable virus activity in
the rodent population,® no human cases were reported from
1993 to date (Salas RA, unpublished data). Because VHF
arose suddenly, with a high mortality rate and clinical fea-
tures similar to Argentine hemorrhagic fever and Bolivian
hemorrhagic fever, which are caused by JUN and MAC vi-
ruses, respectively, a major concern was to determine the
origin of GUA virus and its degree of relatedness to other
arenaviruses.

Arenaviruses have a single-stranded RNA genome of two
segments, L. (large) and S (small), with average lengths of
7,100 and 3,400 nucleotides, respectively.*® The L. RNA
segment encodes at least two proteins, a viral polymerase
and a zinc-binding protein.” The LCM (Armstrong strain)
virus S RNA encodes, in an ambisense manner, a 558-amino
acid nucleocapsid (N) protein from the 3’ end and a 498-
amino acid glycoprotein precursor (GPC) from the 5’ end,
which undergoes post-translational cleavage to generate the
mature glycoproteins GP1 and GP2.° The messenger sense
of the GPC requires a full replication cycle for expression,
while the messenger sense of the N gene can be expressed
directly by limited viral polymerase activity on the viral
RNA template.>?

The large amount of antigenic cross-reactivity observed
between different arenaviruses has made it difficuit to iden-
tify and organize strains within the family and to understand
how these viruses are related to each other. Two distinct
serogroups can be clearly identified by immunofluorescent
antibody and complement fixation tests: the Old World or
LCM-Lassa serogroup and the New World or Tacaribe
(TAC) serogroup.’ However, serologic approaches for distin-
guishing species within these two groups are different, de-
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pending on the origin of the strains. The standard plaque-
reduction neutralization test can be used to distinguish
among arenaviruses from the New World but not among
those from the Old World. It is necessary to incorporate
either complement or anti-gamma globulin in the neutraliza-
tion test to increase its sensitivity and to distinguish strains
from the Old World. This does not permit a direct compar-
ison of neutralization titers for strains from the two groups.'®

Nucleotide and amino acid sequence analyses have given
some insight into the genetic relationships of several mem-
bers of the Arenavirus family from various geographic ori-
gins. Phylogenetic trees have been generated using the com-

* plete N, GP1, or GP2 genes sequences, to determine rela-

tionships within the family, and to select potential vaccine
strains.!" To develop a more rapid and precise technique for
virus identification and phylogeny, we compared nucleotide
sequences from a small portion of the arenavirus N gene.
This approach, limited sequence analysis, has been used pre-
viously to generate evolutionary trees of many different vi-
ruses. This is the first report of its use on arenaviruses.

METHODS

Virus growth and purification. The prototype strain
(INH-95551) of GUA virus, isolated from a human case of
VHF in 1989' was used at a low-passage level (human rhab-
domyosarcoma cells, one passage; suckling mouse, two pas-
sages; Vero E6 cells, one passage). Growth and purification
were carried out as previously described for other arenavi-
ruses.'? Briefly, expanded roller bottles (Corning, Corning,
NY) of a confluent Vero E6 monolayer were inoculated at a
low multiplicity of infection (< 1 plaque-forming unit/cell).
After 72 hr postinoculation (pi), the supernatant was har-
vested and the cells were refed with minimum essential me-
dium containing 2% fetal bovine serum. Two additional har-
vests were done at 96 and 120 hr pi. The virus was concen-
trated by precipitation with 7% polyethylene glycol and
2.3% NaCl. Precipitated proteins and virus particles were
pelleted and resuspended in sterile TS buffer (50 mM Tris-
HCI, 100 mM NaCl, pH 7.5). A second centrifugation was
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done to pellet cellular debris. The viral suspension was con-
centrated by two successive ultacentrifugations: first, the vi-
rus was pelleted through a 30% sucrose cushion (SW55Ti
rotor; Beckman, Palo Alto, CA) at 40,000 rpm for 3 hr, then
layered on a glycerol-potassium tartrate gradient.'* The vis-
ible band of purified viral particles was diluted in TSE buffer
(10 mM Tris-HCI, 150 mM NaCl, 2 mM EDTA, pH 7.8)
and pelleted by centrifugation at 40,000 rpm for 3 hr. The
virus pellet was resuspended in 400 pl of TSE buffer and
was used for immediate RNA extraction.

Extraction of RNA. The RNA was extracted either with
phenol:chloroform as previously described"* or with Trizol
(GIBCO-BRL, Gaithersburg, MD). Trizol RNA extraction
was performed according to the manufacturer’s protocol and
used for small volumes (< 150 pl) of infected cells at three
days pi. Ethanol-precipitated RNA was recovered by cen-
trifugation and air-dried. The RNA pellet was resuspended
in 10 pl of TE buffer (10 mM Tris-HCI, pH 7.8, 1 mM
EDTA) for direct sequencing or diethyl pyrocarbonate
(DEPC)-treated water for the reverse transcriptase—poly-
merase chain reaction (RT-PCR).

Sequencing of RNA. Nucleotide sequences from the 3’
end of the S RNA segment of GUA virus were obtained
using the dideoxynucieotide chain termination method of
Sanger and others'” with a few modifications.” Three syn-
thetic primers were designed using the 5’ end of the obtained
sequences, beginning with an arenavirus consensus primer
described by others (ARE3’END, 5-CGCACAGTGGA-
TCCTAGGC-3"):'s GUA/2740, 5'-GTGCAGGCACTAA-
CATC-3"; GUA/2916, 5'-CTTGAVGCAGYCAATTGG-3';
and GUA/3127,5'-CCAAACGAGGAGACACTG-3' (V =
G, A,orCand Y = C or T). Primer numbers refer to map
sites on the JUN virus genome.!” Resuspended viral RNA
was mixed with a five-fold molar excess of DNA primer and
heated to 90°C for 90 sec, then equilibrated to room tem-
perature to allow for hybridization. Sequencing reactions and
gel autoradiography were carried out as previously de-
scribed.™

Reverse transcriptase—polymerase chain reaction. The
RT-PCR was used to confirm sequences obtained by direct
S RNA sequencing. The RT reaction was used to obtain
c¢DNA from viral RNA, for amplification by the PCR. An
arenavirus S RNA-complementary oligonucleotide, ARE3'-
END, 5-CGCACAGTGGATCCTAGGC-3', was used to
prime the first strand of ¢cDNA synthesis. The reaction tube
contained 1 pl of viral RNA, 2 pl of 5X H-RT buffer (GIB-
CO-BRL), 1 pl (40 U) of RNAsin (Promega, Madison, WI),
I pl of 100 mM DTT (GIBCO-BRL), 1 pl (200 U) of Su-
perscript II reverse transcriptase (GIBCO-BRL), and 4 pl of
10 mM deoxynucleotides (Perkin-Elmer Cetus, Norwalk,
CT) and was incubated at 37°C for 1 hr. A viral genome
sense oligonucleotide, GUA/2596V,5'-AGTTATNATCGA-
GATATGTGTTNAGTGC-3' (N = A, G, C, or T), which,
binds to the middle of the N gene region (JUN map site
2596-2623),'7 was used to prime the second strand synthesis.
Samples for the PCR were prepared as follows: 10 ul of
cDNA template (from the RT reaction), S00 pmol of each
primer (2 X 3 pl), 5 pl of 10X buffer (GIBCO-BRL), and
DEPC-treated water to bring the volume to 49 pl. This so-
lution was heated at 90°C for 90 sec and cooled on ice before
adding | pl (5 U) of Tag polymerase (Ampli Tag DNA poly-

merase; Perkin-Elmer Cetus); 100 .l of mineral oil was add-
ed to prevent evaporation and the tube was transferred to a
thermocycler (Perkin-Elmer). The cycling program consisted
of one 2-min elongation step at 72°C, followed by 40 cycles
of denaturation at 92°C for 1 min, annealing at 40°C for 1
min, and elongation at 72°C for 1 min. The product was
stored at 4°C.

Amplified DNA products were separated by electropho-
resis in a 3% NuSieve (FMC Bioproducts, Rockland, ME),
1% agarose gel using TAE buffer (40 mM Tris-acetate, 1
mM EDTA), and the expected PCR product band was sliced
out and the DNA was extracted from the agarose. Agarose
digestion was performed using B-agarase (New England
Biolabs, Beverly, MA); the gel slice was melted in twice its
volume of B-agarase buffer at 65°C for 10 min. It was im-
mediately incubated for 1 hr at 37°C with 2 U of B-Agarase
per 100 .l of agarose. Undigested agarose was removed by
cooling on ice and centrifugation (15,000 X g for 10 min.).
The double-stranded cDNA was then ethanol-precipitated in
the presence of 4 M LiCl.

To determine the sequence of the PCR fragments, the fmol
DNA Sequencing System (Promega) was used according to
the manufacturer’s protocol. The four previously mentioned
primers (GUA/2740, GUA/2916, GUA/3127, and
ARE3’END) were labeled with gamma 3?P-dATP and used
at a concentration of 10 nmol per reaction. Cycle sequencing
was done by 30 cycles of denaturation at 95°C for 30 sec,
annealing at 40°C for 45 sec, and elongation at 70°C for 30
sec. The product was stored at —-70°C and heated at 90°C
for 90 sec before loading on 6% and 8% polyacrylamide
gels. The gels were processed for autoradiography as de-
scribed above. The sequences from the extreme 3’ end of
the S RNA were obtained by dideoxynucleotide sequencing
using the same cycle-sequencing protocol (fmol; Promega)
and a specifically designed primer, GUA/3213V,5-TTGG-
CATCACTAAGAACACU-3".

Computer sequence analysis. Sequence storage -and anal-
ysis were done using the PCGene software package 6.7
(IntelliGenetics, Mountain View, CA) Amino acid sequence
alignment was done with the CLUSTAL program (version
1.2) contained in the PCGene software package.'® Phyloge-
netic analysis was done by a parsimony method search for
minimum length trees using the phylogenetic analysis using
parsimony (PAUP) software, version 3.1." The bootstrap
analysis®® was used to place confidence limits on the gen-
erated phylogenetic trees. This involves random sampling (in
this case, 1,000 replications) of the sequence data to infer
the variability among the generated trees. The phylogenetic
tree selected here represents the majority-rule consensus,
showing all the inferred monophyletic groups that occurred
in a majority (expressed as percentage) of the bootstrap sam-
ples. Sequences for comparisons were obtained through
GeneBank (contained in PCGene, CD-ROM format). Pre-
diction of antigenic determinants and site detection in the
protein sequence were done using the ANTIGEN and PROS-
ITE programs from the PCGene software.?'

RESULTS

Nucleotide sequences of the GUA N gene and 3’ non-
coding region. The nucleotide sequence of 782 nucleotides
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FIGURE 1. Phylogenetic tree of arenaviruses, using 739 nucleo-

tides from the 3’ end of the small RNA segment, generated by phy-
logenetic analysis using parsimony. Lymphocytic choriomeningitis
(LCM) virus was used as the outlier of the arenavirus family. The
horizontal lines are proportional in length to divergence indicated
by the scale bar; above the horizontal lines are bootstrap test values,
expressed as a percentage (1,000 replications). A maximum likeli-
hood analysis placed a P < 0.01 value on the Junin (JUN)-Machupo
(MAC) group when substitutions were empirically corrected by as-
signing an arbitrary value of 3:1 for transitions:transversions. TAC
= Tacaribe; GUA = Guanarito; PIC = Pichinde.

from the 3’ end of the S RNA of GUA virus was determined
(GenBank accession number L42001). Within the N gene
open reading frame, we determined 739 nucleotides, ac-
counting for more than one-third of the N gene sequence.
At the 3’ end, the sequence begins with a nontranslated re-
gion of 53 nucleotides until the first UAC codon is found in
the viral S RNA. It is known that this codon, in the viral
complementary sense mRNA, initiates the N gene transla-
tion.22. A 19-nucleotide sequence at the 3’-terminus that is
conserved across all arenavirus S RNAs was present in the
GUA virus; because this sequence has been conserved ev-
olutionarily, it is presumed to be the binding site for poly-
merase. !¢

Comparison of nucleotide sequences from the N gene.
The GUA virus nucleotide sequence was aligned with other
arenaviruses using the encoded amino acids alignment. The
GUA sequences were compared with those reported for ar-
enaviruses from the Americas, including JUN,"7 MAC,?
TAC,* and Pichinde (PIC),® and one strain of the widely
disseminated LCM virus.?® The base ratio found for the par-
tially sequenced S RNA of GUA virus is 24.8% A, 20.2%
G, 21.4% C, and 33.6% U, and is comparable with that for
JUN.2 Only three insertion/deletion events (triplets) were
incorporated into two sites of the GUA sequence, to maxi-
mize the alignment with other arenaviruses. Phylogenetic
trees were generated using only the 739 nucleotides encod-
ing the N gene (excluding the 3’ end noncoding region) (Fig-
ure 1). To strengthen the search of the phylogenetic tree,
bootstrap analysis was done with 1,000 replicates. Only the
portion of the tree containing JUN, MAC, TAC and GUA
viruses gave 100% reproducibility, confirming that these vi-
ruses have a common progenitor. It is assumed that once

JUN MAHSKEVPSFRWTQSLRRGLSQFTQTVKSDVLKDAKLIADSIDFNQVAQVORALRKTKRGEEDLNKLRDL 70
MAC MAHSKEIPSFRWIQSLRRGLSQVHPTVKTDVIKDAKLIADSIDENQVSQVQRAL )LNKLRDL
TAC MAQSKEVPSFRWIQSLRKGLSQFTQTVKSDILKDAKLIADSIDENQVAQVORVLRKTKRTDDDINKLROT
GUA MAHSKEIPSFRWIQSLRRELGMETEPTKSSVLNDAKLIADSLDFTOVSQVORLIRKSKRGDTDLDKLRDL
PIC MSD-—NIPSE'RWVGSIRRGISNNTHPVK]\DVLSDTRAILSAIDFHKVAGVGRMVRKD!GKTDSDLTKLRDM

Kecosnn RERkR RRKL b L.l LE T LI LR RPN L PR PR N R TR L L LY
jre.l MSLSKE'VKSF *2 WQALRREIQGFTSDV‘KAAVIKDATSLLNGIDFSEVSNVQRIMRKERRDD!\DWRLRSL
Forriasentaaion LA P Fiveas LT T TR LA I A T IR L P L

JUN NKEVDRLMSMRSVORNTVFRAGDLGRVERMELASGLGNLKTKFRRAET-GSQGVYMGNLSOSQLAKRSELI 140
MAC NKEVDRLMSMKSIQKNTIFKIGDLGRDELMELASDIEKLKNKIKRTES-GPQGLYMGNLSQLQLTKRSEL
TAC NIEVDRLMSMXSVQKNTIFKVGDLARDELMELASDLEKIKDKIKRTES-NGTNAYMGHLPQSQLNRRSEL
GUA NKEVDRLMSMKSVONNTVLKVGDLGKDELMDLASDLEKLXKKIGDRES-~NSPRMYMGNLTQTQLEQRTGI
PIC NKEVDAIMNMRSVORDNVLKVGGLAKEELMELASDLDKIRKKVIRTEGLSQPGVYEGNLTNTQLEQRAET

LT IE 220 28 2N P O SR R T T2 JUL JIE JUNE JUUDE I 2 T ST B T 1
jre. NQTVHSLVDPQSTS!Q(NVLKVGRLSAEBLMYLMDLEKH(AKIMRTERPQASGVYMGNLTAQQIDQRSQI
T T P T T T e e TR T, LELLLITO L

JUN LRTLGFQOQGTGGN--GVVRVWDVKDP SKLNNQFGSVPALTIACMIVOGGETMNSVIQALTSLGLLYTVK 210
MAC LKTLGFQRORGAGN--GVVRIWDVSDPSKLNNQFGSMPALT IACMTVQGGETMNSVVOALTSLGLLYTVK
TAC LRTLGFAQ( IVRVWDVKDSSKLNNG LTIACMIVQGGETMNNVVQALTSLGLLYTVK
GUA LRTLGFEQQRGAAG--GVVRLWDVSYPSKLNNQFGSMPALTIDCHMTVOGGETMNNVVQALTSLGLLYTVK
PIC LRSMGFANARPAGNRDGVVKVWDIKDNTLLINQFGSMPALTIACMTEQGGEQLNOVVOALSALGLLYTVK

LI ke Kk K kkAEK RAXKR KRR RkEk  a w whx AR ARAAAx
j2ei) IJQMVGMRRPQQGAS GVVRVWDVKDSSLLNNQE‘GTMPSLTmCmKQSQTPLNDWQALTDIGLLYTVK
* kK ko kkkk Kk Kk Rk kL., Aok xxA, KNRERTRN

JUN YPNLSDLDRLTQFHDCLQIVTRDESSINISGYNFSL 246
MAC YPNLNDLDKLTLEHECLQIVTKDESSINISGYNFSL
TAC YPRLSDLDKLIPNHECLQIITKEESSINISGYNLSL
GUA YPNLDDLEKLTLEHDCLQTI ITKDESALNISRYNFSL
PIC FPNMTDLEKLTQQHSALKIISHEPSALNISGYNLSL

P TS O N S S A KEE kkRAK
pro. YPNLSDLERLKDKHPVLGVITEQQSSINISGYNFSL
FELIU% JUNE R SRS SIS T )

FiGure 2. Comparison of the amino acid sequences of a portion
of the nucleocapsid protein of Guanarito (GUA) virus with those of
Junin (JUN), Machupo (MAC), Tacaribe (TAG), Pichinde (PIC), and
lymphocytic choriomeningitis (LCM) virus strains. The dots indicate
an amino acid difference; — indicates a gap in the sequence; * in-
dicates amino acids conserved across the New World arenavirus
strains; * below LCM indicates those amino acids conserved among
New World and LCM strains.

transition:transversion rates are known for these four viruses,
the bootstrap values will improve for the branches within
this monophyletic group.

Predicted peptide product and antigenic site. By anal-
ogy with other arenavirus S RNA sequences and the known
ambisense strategy of encoding the N protein, we identified
the start codon for the N gene open reading frame of GUA
virus. It is the first UAC triplet in the viral sense that begins
at position 54 that encodes (in the ambisense) an AUG ini-
tiation codon in the viral mRNA. The encoded N gene se-
quence is 246 residues long (Figure 2). A triple basic KKK
sequence centered at amino acid position 110 and three
groups of two basic K and/or R residues are in accord with
the previously found relative high frequency of positively
charged amino acid residues that are presumably involved
in viral infection.??

A profile of hydrophilicity revealed three highest points
and one of them appeared repeatedly in other arenaviruses
(Figure 3). The identified site extends from amino acid res-
idues 55 to 63. A conserved pair of K-R residues in position
58-59, with other hydrophilic residues surrounding it, is con-
sistently found among the arenaviruses, including some
strains from the Old World (Lassa from Nigeria and Mopeia
from Mozambique).?6 This suggests that this region may play
an important role in antigenicity because its chemical struc-
ture (hydrophilicity profile) indicates that it is exposed under
physiologic conditions.?’ Moreover, a potential site for cell
attachment (Arg-Gly-Asp [RGD])¥ is found within this re-
gion in positions 59 to 61 in GUA virus.

Comparison of amino acid sequences from the N gene.
The alignment of the amino acid sequences from the N gene
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55 56 57 58 B9 60 61 62 63
JUN R K T K R G E E D
MAC R K N K R G E E D
GUA R K S K R G D D T
TAC R K T K R T D D D
PIC R K D K R T D S L
LCM R K E K R D D K D
LAS JOS R K E R R D D N D
LAS GA391 R X Q K R D D G D
MOP R K E K R D D S D

FiGURE 3. Probable antigenic site on the arenavirus nucleocapsid
protein. Homology around a conserved pair of amino acids residues
(K-R, Lys-Arg) shown in a hydrophilicity plot of Guanarito virus
(PCGene; Intelligenetics, Mountain View, CA). The bold characters
are the nucleotides included by the ANTIGEN program as part of
the hydrophilic site. * = residue number. New World arenaviruses:
JUN = Junin; MAC = Machupo; TAC = Tacaribe; PIC = Pichinde.
Old World arenaviruses: LCM = lymphocytic choriomeningitis;
LAS JOS = Lassa; LAS GA391 = Lassa; MOP = Mopeia. T =
thr; G = gly; E = glu; D = asp; N = asn; S = ser; L = leu; Q =
gln.

of the five arenaviruses (Figure 2) reveals the following ac-
tual percentages of divergence when GUA virus is taken as
a reference and pairwise comparisons are made: 26% with
JUN, 22% with MAC, 26% with Tacaribe, 41% with PIC,
and 46% with LCM virus. No statistical difference was
found (£ > 0.20) between our analysis (20% divergence
using 246 amino acids) and when the entire N gene amino
acid sequence of TAC virus is compared with JUN virus
(24% divergence using 584 amino acids).?* Areas of con-
served amino acid residues were found in a random distri-
bution, but two regions of marked similarity between all
strains (New World and Old World) were found at residues
198-210 and 238-246, with the latter mentioned previously.?®

DISCUSSION

Limited sequence analysis of a portion of the viral genome
of many virus strains, including poliovirus type 1, dengue
virus types 1 and 2, and Venezuelan equine encephalitis vi-
ruses, has been used previously to generate phylogenetic
trees that are consistent with serologic and epidemiologic
relationships.'* %30 The phylogenetic trees we generated us-
ing only a portion of the N gene open reading frame of five
arenaviruses gave an identical topology and similar relative
branch lengths to the one generated using the total N gene.!!
The topology of the tree is also consistent with previous
serologic studies showing that JUN and MAC are the most
closely related New World arenaviruses, while GUA and
TAC are more closely related to these than to PIC.?! Junin,
MAC, TAC, and GUA viruses form a monophyletic group
that is strongly supported by bootstrap analysis. Although
our phylogenetic analysis did not indicate the probable pro-
genitor of the New World arenaviruses, it does give more
insight into their evolutionary relationships, which are in ac-
cord with previous genetic and antigenic analyses.'!-31-33

Conserved blocks of amino acids can be identified across
all the strains compared here and probably indicate impor-
tant functionai domains within the N protein that have been
conserved during evolution from a common ancestor.?® On
the other hand, regions of higher divergence probably define
unique characteristics of individual viruses. In our study, a

strong hydrophilic sequence, which suggests a potential an-
tigenic site, is shared by both Old and New World arenavi-
ruses. Only three epitopes, conserved among members of
both groups, have been identified by monoclonal antibodies
directed to the N protein.*-3 A large majority of epitopes
on the N protein do not cross-react between the TAC group
and the LCM-Lassa group.’®¥ The well-defined epitope
(amino acids 116—1'29) for inducing a cytotoxic T lympho-
cyte (CTL) response in LCM-infected mice® * is not con-
served among the New World arenaviruses. However, using
synthetic peptides, a small antigenic site overlapping the
CTL site mentioned above (amino acids 123-127) has been
shown to be conserved among the Lassa and TAC group
members.* Therefore, it is important to better define com-
mon antigenic sites among arenaviruses for a better under-
standing of their structure and possible vaccine targets.

Within the potential antigenic site identified here, a cell
attachment site (RGD) can be found (amino acids 59-61) in
GUA virus. A conservative amino acid change (i.e., no
charge difference) in the JUN and MAC sequence (Asp to
Glu at amino acid 61) makes the potential cell attachment
site conserved only among the three human pathogenic ar-
enaviruses from the New World. The biologic significance
of this site remains to be investigated.

Not all the arenaviruses with known human pathogenic
potential have been studied to date (FLEX and SAB), so we
do not yet know if they will segregate by either antigenic or
genetic analyses. However, most of the arenaviruses and all
of the human pathogenic ones are restricted to specific ro-
dent host-reservoirs that they chronically infect as a strategy
for survival4' All but LCM virus have a limited geographic
extension and strong host associations; GUA virus’ associ-
ation with the rodent Siamodon alstoni appears to have ex-
isted for a long time in localized areas, without spreading.?
Our data also support the hypothesis that GUA virus has
been evolving independently in its endemic focus for some
time. As previously proposed, it is reasonable to assume that
each arenavirus has evolved independently and this accounts
for their high rates of divergence, i.e., there is no genetic
exchange among these viruses.*!-#

Since the rate of fixation of mutations (tempo) is presently
unknown for GUA virus, we therefore cannot estimate how
long ago it branched out from the rest of the arenavirus
group. We do not yet understand the molecular mechanism
(mode) by which these viruses mutate. Lassa is the only
arenavirus for which some evidence exists to support the
hypothesis that divergence among arenaviruses occurs by
point mutation; the highest rate of mutation occurs in the
third position of the codon (Lassa N gene open reading
frame: first position 10.3%, second position 6.1%, third po-
sition 50.2%).% Present studies are directed at understanding
the tempo and mode of GUA virus evolution.
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