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Abstract

The southern plains woodrat (Neotoma micropus) is the principal host of Catarina virus in
southern Texas and a natural host of other North American Tacaribe serocomplex viruses. The
objectives of this study were to increase our knowledge of the genetic diversity among Tacaribe
serocomplex viruses associated with N. micropus and to define better the natural host relationships
of these viruses. Pairwise comparisons of complete glycoprotein precursor gene sequences and
complete nucleocapsid protein gene sequences revealed a high level of genetic diversity among
Tacaribe serocomplex viruses associated with N. micropus in western Oklahoma, southern New
Mexico, and northern and southern Texas. Collectively, the results of Bayesian analyses of
nucleotide sequences and pairwise comparisons of amino acid sequences confirmed that the
arenaviruses associated with N. micropus in Oklahoma and New Mexico should be included in the
Whitewater Arroyo species complex, and indicated that that the arenaviruses associated with N.
micropus in northern Texas are strains of a novel arenaviral species — tentatively named “Middle
Pease River virus”. Together, the results of assays for arenavirus and assays for anti-arenavirus
antibody in 54 southern plains woodrats and 325 other rodents captured at 2 localities suggested
that the southern plains woodrat is the principal host of Middle Pease River virus in northern
Texas.

1. Introduction

The North American members of the Tacaribe serocomplex (family Arenaviridae, genus
Arenavirus) include Bear Canyon virus (BCNV), Big Brushy Tank virus (BBTV), Catarina
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virus (CTNV), Real de Catorce virus (RCTV), Skinner Tank virus (SKTV), Tamiami virus
(TAMV), Tonto Creek virus (TTCV), and Whitewater Arroyo virus (WWAV) (Cajimat et
al. 2011). The results of a previous study (Milazzo et al. 2011) suggested that WWAYV or
Tacaribe serocomplex viruses antigenically closely related to WWAV are etiological agents
of severe febrile illnesses in humans in the United States.

Specific members of the rodent family Cricetidae (Musser and Carleton 2005) are the
principal hosts of the Tacaribe serocomplex viruses for which natural host relationships have
been well characterized. For example, the southern plains woodrat (Neotoma micropus) in
southern Texas is the principal host of CTNV (Milazzo et al. 2013).

The geographical range of N. micropus extends from southern Kansas and western New
Mexico through San Luis Potosi (Figure 1). Previous studies revealed a high level of genetic
diversity among Tacaribe serocomplex viruses associated with N. albigula in Arizona and
New Mexico (Milazzo et al. 2008); a high level of genetic diversity among Tacaribe
serocomplex viruses associated with N. mexicana in Arizona, Colorado, New Mexico, and
Utah (Cajimat et al. 2008); and evidence of arenaviral infections in southern plains woodrats
captured in Colorado, New Mexico, Oklahoma, and Texas (Cajimat et al. 2011, Calisher et
al. 2001, Fulhorst et al. 2002, Milazzo et al. 2010). The purpose of this study was to extend
our knowledge of the genetic diversity among Tacaribe serocomplex viruses associated with
N. micropus and to define better the natural host relationships of these viruses.

2. Materials and Methods

The rodents in this study were from Black Mesa State Park and Nature Preserve (BMSP) in
Cimarron County, Oklahoma; Fort Bliss Military Base (FBMB) in Otero County, New
Mexico; a 160-ha cattle ranch located 1.6 km south of the town of Flomot (FLOM) in
Motley County, Texas; a 350-ha cattle ranch located 1.3 km north of the town of Afton
(AFTN) in Dickens County, Texas; Monahans Sandhills State Park (MSSP) in Ward
County, Texas; and the Chaparral Wildlife Management Area (CWMA) in Dimmit and La
Salle counties, Texas. Previously, arenavirus AV 98490013 was isolated from a southern
plains woodrat captured at BMSP (Cajimat et al. 2011); anti-arenavirus antibody was found
in southern plains woodrat TK77260, 5 (5.8%) of 86 other rodents captured at FBMB, and
16 (4.1%) of 390 rodents captured at FLOM, AFTN, and MSSP (Table 1); arenavirus AV
HO0380005 was isolated from woodrat TK77260 (Cajimat et al. 2011); and the 6 CTNV
strains in this study (Table 2) were isolated from southern plains woodrats captured at the
CWMA in 1999--2004 (Fulhorst et al. 2002, Milazzo et al. 2013). In this study, fresh-frozen
samples of kidney and spleen from the rodents captured at FBMB, FLOM, AFTN, and
MSSP were acquired from the Museum of Texas Tech University and tested for arenavirus.

2.1. Antibody assay

Blood samples from the rodents from FBMB, FLOM, AFTN, and MSSP were tested in
previous studies (Milazzo et al. 2010, Mauldin et al. 2013) for immunoglobulin G (IgG) to
WWAV strain AV 9310135 (Fulhorst et al. 1996), using an ELISA (Bennett et al. 2000).
The test antigen was prepared from Vero E6 cells infected with AV 9310135, the control
(comparison) antigen was prepared from uninfected Vero E6 cells, and the working dilutions
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of the antigens were determined by box-titration against immune sera from white-throated
woodrats (N. albigula) inoculated with AV 9310135 (Fulhorst et al. 2001). Serial fourfold
dilutions (from 1:80 through 1:5,120) of each blood sample were tested against both
antigens; 1gG bound to antigen was detected by using a mixture of a goat anti-rat 19G
peroxidase conjugate and goat anti-Peromyscus leucopus IgG peroxidase conjugate
(Kirkegaard and Perry Laboratories, Gaithersburg, MD) in conjunction with the ABTS
Microwell Peroxidase Substrate System (Kirkegaard and Perry Laboratories); optical
densities (OD) were measured at 410 nm (reference, 490 nm); the adjusted OD (AOD) of a
blood-antigen reaction was the OD of the well coated with the test antigen less the OD of the
well coated with the control antigen; a sample was considered positive if the AOD at 1:80
was = 0.250, the AOD at 1:320 was = 0.250, and the sum of the AOD for the series of
fourfold dilutions (from 1:80 through 1:5,120) was = 0.750; and the titer of a positive
sample was the highest dilution for which the AOD was > 0.250.

2.2. Virus assay

Samples of kidney and spleen from the 477 rodents captured at FBMB, FLOM, AFTN, and
MSSP were tested for arenavirus by cultivation in monolayers of Vero E6 cells (Fulhorst et
al. 1996). Arenaviral antigen in infected Vero E6 cells was revealed by using an indirect
fluorescent antibody test in which the primary antibody was a hyperimmune mouse ascitic
fluid raised against WWAYV strain AV 9310135.

2.3. Genetic characterization of arenaviruses isolated from woodrats

The nucleotide sequences of a 784- to 891-nt fragment of the 5’ half and 902- to 1157-nt
fragment of the 3’ half of the small (S) genomic segments of arenaviruses AV H0380014,
AV H0380016, and AV H0380020; the nucleotide sequence of a 1588-nt fragment of the 5
half of the S genomic segment of CTNV strain AV D1030150; and the nucleotide sequences
of a 586-nt fragment of the 5’ half and 587-nt fragment of the 3 half of the S genomic
segments of CTNV strains AV C0410273, AV C1170006, and AV C0410246 were
determined from RNA isolated from monolayers of infected Vero E6 cells. The sequences
from the 5" half of the S segment included the entire region of the glycoprotein precursor
(GPC) gene that encodes the G1; the sequences from the 3’ half of the S segment were from
the nucleocapsid (N) protein gene; and the passage histories of the viruses in the inocula
were Vero E6+1 or Vero E6+2. Reverse transcription of S segment RNA was done by using
SuperScript I1I® Reverse Transcriptase (Invitrogen Corp., Carlsbad, CA) in conjunction
with oligonucleotide 19C-cons (Cajimat et al. 2007a); the PCR assays used MasterTag® Kit
(5 PRIME, Inc., Gaithersburg, MD); and amplicons of the expected size were purified from
agarose gel slices and sequenced directly.

2.4. Assays for arenaviral RNA

Samples of kidney from the antibody-positive, culture-negative rodents were tested for GPC
gene RNA and N protein gene RNA. Briefly, total RNA was isolated from 30-45 mg of
tissue; first-strand cDNA was synthesized by using SuperScript I[1I® Reverse Transcriptase
(Invitrogen Corp.) in conjunction with oligonucleotide 19C-cons (Cajimat et al. 2007a); the
first-and second-round PCR assays used MasterTag® Kit (5 PRIME, Inc.); the controls
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included kidney from a CTNV-infected, culture-positive southern plains woodrat and
samples of kidney from antibody-negative, culture-negative southern plains woodrats; and
amplicons of the expected size were purified from agarose gel slices and sequenced directly.

2.5. Genetic characterization of arenaviruses AV 10130006 and AV M0040017

The nucleotide sequences of a 3299-nt fragment of the S genomic segments of AV 10130006
(FLOM) and AV M0040017 (AFTN) were determined from RNA isolated from kidney,
using first-strand cDNA generated with 19C-cons and methods published previously (Inizan
et al. 2010). Each sequence extended from within the non-coding region (NCR) at the 5" end
of the S segment, through the GPC gene, intergenic region, and N protein gene, and into the
NCR at the 3’ end of the S segment.

2.6. Genetic characterization of woodrats

The species identities of 21 arenavirus-infected woodrats in this study were confirmed by
analyses of complete cytochrome-b (Cytb) gene sequences. The complete nucleotide
sequences of the Cytb genes of woodrats TK77260, TK77270, TK84703, TK84816, and
TK28731 were published previously (Cajimat et al. 2011, Edwards and Bradley 2002). The
complete nucleotide sequences of the Cytb genes of the 16 other woodrats were determined
in this study, using DNA isolated from liver, GoTaqg® DNA Polymerase (Promega Corp.,
Madison, WI), oligonucleotides LGL 765 forward (Bickham et al. 1995) and LGL 766
reverse (Bickham et al. 2004), and methods published previously (Edwards and Bradley
2002).

2.7. Sequencing reactions and analysis

The nucleotide sequences of the purified amplicons were determined directly, using the
BigDye® Terminator v.3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA).
The products of the sequencing reactions were analyzed on an ABI PRISM® 3100-Avant™
or 3130-Avant™ Genetic Analyzer (Applied Biosystems).

2.8. Data analysis

The analyses of GPC gene sequences and N protein gene sequences included BCNV strains
AV A0060209 (GenBank accession no. AF512833), AV 98470029 (AY924392), AV
A0070039 (AY924391), and AV B0300052 (FJ907243 and FJ907244); BBTV, AV
D0390174 (EF619035) and AV D0390324 (EF619036); CTNV, AV A0400135
(DQ865244) and AV A0400212 (DQ865245); RCTV, AV H0030026 (GQ903697); SKTV,
AV D1000090 (EU123328); TAMV, W-10777 (AF512828) and AV 97140103 (EU486821);
TTCV, AV D0150144 (EF619033) and AV D0390060 (EF619034); WWAYV, AV 9310135
(AF228063); arenaviruses AV 96010024 (EU123331), AV 96010025 (EU486820), AV
96010151 (EU123330), AV 98490013 (FJ032026 and FJ032027), TVP-6038 (FJ719106 and
FJ719107), and AV D1240007 (EU123329); Tacaribe virus, TRVL 11573 (M20304); and
14 South American Tacaribe serocomplex viruses — Allpahuayo virus, CLHP-2472
(AY012687); Amapari virus, BeAn 70563 (AF512834); Chaparé virus, 200001071
(EU260463); Cupixi virus, BeAn 119303 (AF512832); Flexal virus, BeAn 293022
(AF512831); Guanarito virus, INH-95551 (AY129247); Junin virus, XJ13 (AY358023):
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Latino virus, MARU 10924 (AF512830); Machupo virus, Carvallo (AY129248); Oliveros
virus, 3229-1 (U34248); Parana virus, 12056 (AF485261); Pichindé virus, Co An 3739
(K02734); Pirital virus, VAV-488 (AF485262); and Sabia virus, SPH 114202 (U41071).
The alignments of GPC sequences and N protein sequences were constructed using the
computer program CLUSTAL W1.7 (Thompson et al. 1994); the alignments of complete
GPC gene sequences and complete N protein gene sequences were constructed manually,
guided by the computer-generated amino acid sequence alignments; and sequence
nonidentities were equivalent to uncorrected distances.

The analyses of Cytb gene sequences included southern plains woodrats (N. micropus)
TK16501 (GenBank accession no. AF186824), TK28743 (KC812730), TK31643
(AF186822), TK49607 (AF376469), TK51947 (AF298844), TK51949 (AF298845),
TK54820 (AF186825), TK84556 (AF186826), TK84557 (AF186827), and TK84761
(KC153488); white-throated woodrat (N. albigula) TK74854 (AF186803); eastern woodrat
(N. floridana) TK52109 (AF186819); white-toothed woodrat (N. leucodon) TK49716
(AF186806); and Mexican woodrat (N. mexicana) TK90038 (AF294346). The Cytb gene
sequences were aligned manually.

The Bayesian analyses were done with MRBAYES v3.1.2 (Huelsenbeck and Ronquist
2001) and programs in the computer software package PAUP* (Swofford 2003), using a
GTR+I1+G model of evolution with a site-specific gamma distribution and the following
options in MRBAYES v3.1.2: two simultaneous runs of 4 Markov chains, five million
generations (analyses of GPC and N protein gene sequences) or 10 million generations
(analyses of Cytb gene sequences), and sample frequency = every 1,000" generation. The
GTR+I+G model of evolution was selected based on the results of analyses done with
MrModeltest (Nylander 2004); Pirital virus strain VAV-488 and Guanarito virus strain
INH-95551 were the designated outgroups in the analyses of the GPC and N protein gene
sequences, respectively; white-throated woodrat (N. albigula) TK74854 was the designated
outgroup in the analyses of Cytb gene sequences; the first 1,000 trees from each analysis
were discarded after review of likelihood scores, convergence statistics, and potential scale
reduction factors; a majority-rules consensus tree was constructed from the remaining trees;
and clade probability values were calculated a posteriori.

Differences among the amino acid sequences of the G1 of AV 98490013, AV H0380005,
AV 10130006, AV M0040017, and CTNV strain AV A0400135 were scored favored,
neutral, or disfavored, using substitution preferences for extracellular proteins (Betts and
Russell 2003). Gaps in the alignments and disfavored differences were considered non-
conservative.

Pairwise comparisons of GPC gene sequences by locality were restricted to the 576-nt
region that encodes the G1. Similarly, pairwise comparisons of N protein gene sequences by
locality were restricted to a 587-nt fragment near the 3’ end of the intergenic region of the S
genomic segment.
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Arenavirus was isolated from 4 (66.7%) of 6 antibody-positive woodrats from FBMB (Table
1), none of 81 other rodents from FBMB, and none of 390 rodents from FLOM, AFTN, or
MSSP. Arenaviral RNA was found in 12 (66.7%) of 18 antibody-positive, culture-negative
rodents: 1 (50.0%) of 2 woodrats from FBMB, 4 (80.0%) of 5 woodrats from FLOM, 7 of 7
woodrats and none of 2 cotton rats (Sigmodon hispidus) from AFTN, none of 2 woodrats
from MSSP. The results of the Bayesian analyses of the nucleotide sequences of a 587-nt
fragment of the N protein genes of 23 arenaviruses associated with N. micropus (Table 2)
and 34 other Tacaribe serocomplex viruses (see “Data analysis™) indicated that the 5
arenaviruses associated with woodrats captured on FBMB are monophyletic, the 11
arenaviruses associated with woodrats captured at FLOM and AFTN are monophyletic, and
the arenaviruses associated with woodrats captured on FBMB are phylogenetically distinct
from the arenaviruses associated with woodrats captured at FLOM and AFTN. The results
of the Bayesian analyses of Cyth gene sequence data indicated that woodrat TK28731 from
BMSP; the antibody-positive woodrats from FBMB, FLOM, AFTN, and MSSP; and the
woodrats from the CWMA were N. micropus.

Nonidentities among the complete nucleotide sequences of the GPC genes and among the
complete nucleotide sequences of the N protein genes of AV 98490013 (BMSP), AV
H0380005 (FBMB), AV 10130006 (FLOM), AV M0040017 (AFTN), and CTNV strain AV
A0400135 (CWMA) ranged from 7.0% (AV 10130006 and AV M0040017) to 33.3% (AV
10130006 and AV 98490013) and from 3.2% (AV 10130006 and AV M0040017) to 23.1%
(AV 10130006 and AV H0380005), respectively. The Bayesian analyses of complete GPC
gene sequences (Figure 2) indicated that AV 10130006 and AV M0040017 are monophyletic
and phylogenetically more closely related to the 8 Whitewater species complex viruses
(Cajimat et al. 2008) than to other Tacaribe serocomplex viruses. The results of the Bayesian
analyses of complete N protein gene sequences (Figure 3) also indicated that AV 10130006
and AV M0040017 are monophyletic but did not solve the relationship between AV
10130006 (or AV M0040017) and the Tacaribe serocomplex viruses found in association
with woodrats (Neotoma spp.) captured in Arizona, Colorado, New Mexico, Oklahoma,
Utah, southern Texas, or San Luis Potosi. We note that many of the topographical
differences between the GPC gene tree (Figure 2) and N protein gene tree (Figure 3) were
not supported by clade support values calculated a posteriori; notably, many of the North
American viruses in the N protein gene tree could collapse into unresolved polytomies.

The lengths of the GPC of AV 10130006 and AV M0040017 were comparable to the lengths
of the GPC of the 22 other North American Tacaribe serocomplex viruses (Table 3). The
amino acid sequence of the GPC of AV 10130006 was 6.0% different from the amino acid
sequence of the GPC of AV M0040017; nonidentities between the amino acid sequences of
the GPC of AV 10130006 and AV M0040017 and the amino acid sequences of the GPC of
the 8 Whitewater Arroyo species complex viruses ranged from 30.6% (AV M0040017 and
AV 96010151) to 34.6% (AV 10130006 and AV 98490013); and nonidentities between the
amino acid sequences of the GPC of AV 10130006 and AV M0040017 and the amino acid
sequences of the GPC of the other North American Tacaribe serocomplex viruses ranged
from 27.9% to 37.8% (Table 4).
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The lengths of the N proteins of AV 10130006 and AV M0040017 were identical to the
lengths of the N proteins of the 22 other North American Tacaribe serocomplex viruses
(Table 3). The amino acid sequence of the N protein of AV 10130006 was 0.5% different
from the amino acid sequence of the N protein of AV M0040017; nonidentities between the
amino acid sequences of the N proteins of AV 10130006 and AV M0040017 and the amino
acid sequences of the N proteins of the 8 Whitewater Arroyo species complex viruses
ranged from 12.3% (AV M0040017 and TVP-6038) to 14.9% (AV M0040017 and AV
96010024); and nonidentities between the amino acid sequences of the N proteins of AV
10130006 and AV M0040017 and the amino acid sequences of the N proteins of the other
North American Tacaribe serocomplex viruses ranged from 11.6% to 19.9% (Table 4).

The GPC of AV 10130006, AV M0040017, and the other North American Tacaribe
serocomplex viruses contained a potential signal peptidase cleavage site after residue 58
(SCS®8Y): the GPC of AV 10130006 and AV M0040017 contained a potential SKI-1/S1P
cleavage site after residue 250 (RKLQZ3%%); and the GPC of the other North American
Tacaribe serocomplex viruses contained a potential SKI-1/S1P cleavage site within the
region flanked by residues 246 and 252 (Cajimat et al. 2011). Accordingly, the predicted
lengths of the G1 of the North American arenaviruses ranged from 188 to 193 aa (Table 3).

Nonidentities among the amino acid sequences of the G1 of AV 98490013, AV H0380005,
AV 10130006, AV M0040017, and CTNV strain AV A0400135 ranged from 10.9% (AV
10130006 and AV M0040017) to 55.6% (AV 98490013 and AV A0400135). The prevalence
of non-conservative differences among the amino acid sequences of the G1 of these 5
viruses ranged from 1.0% (AV 10130006 and AV M0040017) to 11.5% (AV 98490013 and
AV A0400135), with a median of 7.3%; and the non-conservative differences were
distributed along the primary structure of the G1, from residue 18 through residue 188.

By locality, nonidentities among the nucleotide sequences of the GPC genes and among the
nucleotide sequences of the N protein genes of the viruses from FBMB, FLOM, AFTN, and
the CWMA were as high as 15.1% (FBMB) and 10.2% (CWMA), respectively (Table 5).
Similarly, nonidentities among the amino acid sequences of the G1 and among the amino
acid sequences of the N proteins of viruses from the same locality were as high as 15.6%
(FBMB) and 5.1% (FBMB), respectively (Table 5).

4. Discussion

The pairwise comparisons of complete GPC gene sequences and complete N protein gene
sequences in this study revealed a high level of genetic diversity among Tacaribe
serocomplex viruses associated with N. micropus in the United States, comparable to the
level of genetic diversity among Tacaribe serocomplex viruses associated with N. albigula
in Arizona and New Mexico (Milazzo et al. 2008) as well as the level of genetic diversity
among Tacaribe serocomplex viruses associated with N. mexicana in Arizona, Colorado,
New Mexico, and Utah (Cajimat et al. 2008). The results of Bayesian analyses of complete
GPC gene sequences and complete N protein gene sequences in a previous study (Cajimat et
al. 2011) and this study indicated that AV 98490013 (BMSP) and AV H0380005 (FBMB)
should be included in the Whitewater Arroyo species complex. The results of the Bayesian
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analyses of GPC and N protein gene sequences in this study also indicated that the
arenaviruses associated with N. micropus at FLOM and AFTN are monophyletic and
phylogenetically closely related to the Whitewater Arroyo species complex viruses.

In a previous study (Milazzo et al. 2008), nonidentities among the amino acid sequences of
the GPC and among the amino acid sequences of the N proteins of strains of different South
American arenaviral species were as low as 15.8% (Allpahuayo virus strain CLHP-2472 and
Flexal virus strain BeAn 293022) and 11.9% (Junin virus strain XJ13 and Machupo virus
strain 9530537), respectively. Collectively, the results of the Bayesian analyses of complete
GPC gene sequences, pairwise comparisons of complete GPC sequences, and pairwise
comparisons of complete N protein sequences in this study indicate that AV 10130006 and
AV M0040017 are strains of a novel arenaviral species, tentatively named Middle Pease
River virus (MPRV). We note that the MPRV-infected woodrats from FLOM were captured
in close proximity to the Middle Pease River.

The most recent report of the International Committee on Taxonomy of Viruses (Salvato et
al. 2012) indicated that strains of different species in the Arenaviridae should exhibit at least
a 12.0% difference in pairwise comparisons of complete N protein sequences, which is
slightly greater than the level of nonidentity between the sequences of the N proteins of
MPRYV strains AV 10130006 and AV M0040017 and the sequences of the N proteins of
BBTYV strain AV D0390174 and CTNV strain AV A0400212 (Table 4). However, the
numerical basis for the 12.0% cut-off is not known with certainty to the authors of this
study; none of the criteria for species demarcation within the Arenaviridae presently include
consideration of non-identities between GPC sequences or phylogenetic relationships among
members of the Arenaviridae; and the most recent report of the International Committee on
Taxonomy of Viruses did not acknowledge CTNV or any of 4 other North American
Tacaribe serocomplex viruses described in the peer-reviewed scientific literature in
2007-2012 (Cajimat et al. 2007b, 2008, 2012; Inizan et al. 2010; Milazzo et al. 2008). The
authors of this study suggest that a revision of the criteria for species demarcation within the
Arenaviridae is required. This revision should consider differences in ecology, cross-
neutralization tests, N protein sequences, GPC sequences, and other phenetic characteristics
in the context of phylogenetic relationships estimated from complete GPC gene sequences
and complete N protein gene sequences.

Together, the results of the assays for arenavirus and assays for anti-arenavirus 1gG in this
study suggest that the southern plains woodrat is the principal host of MPRV at AFTN and
FLOM, and the principal host of the Whitewater Arroyo species complex virus found on
FBMB. The results of the serological assays also suggest that the hispid cotton rat (S.
hispidus) at AFTN is a natural host of MPRV or another Tacaribe serocomplex virus that is
cross-reactive with WWAYV strain AV 9310135 in ELISA. Alternatively, the serological
results for the “antibody-positive” cotton rats were falsely positive. We note that the
antibody titers in the “antibody-positive” cotton rats were only 320 whereas the antibody
titers in 10 (83.3%) of the 12 antibody-positive woodrats from AFTN and FLOM were
>5120; the assays for arenavirus in the “antibody-positive” cotton rats and 68 other cotton
rats captured at AFTN were negative; and the assays for N protein gene RNA in the
“antibody-positive” cotton rats were negative.
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The principal host relationships of some South American Tacaribe serocomplex viruses
appear to represent a long-term shared evolutionary relationship between the Arenaviridae
and the Cricetidae, subfamily Sigmodontinae (Bowen et al. 1997). Evidence for this long-
standing relationship includes the present-day association of phylogenetically closely related
arenaviral species with phylogenetically closely related members of the Sigmodontinae, for
example — Junin virus with Calomys musculinus in Argentina (Mills et al. 1992) and
Machupo virus with a Calomys species in Bolivia (Johnson et al. 1966, Salazar-Bravo et al.
2002). Hypothetically, the principal host relationships of some North American Tacaribe
serocomplex viruses represent a long-term shared evolutionary relationship between the
Arenaviridae and the Cricetidae, subfamily Neotominae, genus Neotoma.

Specific knowledge of the natural host relationships of many of the North American
Tacaribe serocomplex viruses is limited to the results of assays for arenavirus or arenaviral
RNA in tissues from a small number of wild-caught rodents (Cajimat et al. 2011). As such,
some of the virus-rodent pairings in Figure 2 and Figure 3 may be a consequence of
contemporary, interspecific virus transmission rather than representative of an ancient
relationship between the Arenaviridae and specific phylogenetic lineages (species) within
the genus Neotoma. Clearly, the ecologies (principal host relationships) of the Whitewater
Arroyo species complex viruses and many of the other North American Tacaribe
serocomplex viruses need to be elucidated before serious consideration of the origins of the
present-day associations between N. micropus and MPRV, N. micropus and CTNV, and N.
micropus and members of the Whitewater Arroyo species complex.

The dominant neutralizing epitopes on an arenavirion are associated with G1 (Buchmeier et
al. 1981), and antibody-mediated neutralization in vitro can vary from strain to strain within
an arenavirus species (Jahrling and Peters 1984, Parekh and Buchmeier 1986). The high
prevalence of non-conservative differences among the amino acid sequences of the G1 of
AV 98490013, AV H0380005, MPRYV strain AV 10130006 (or AV M0040017), and CTNV
strain AV A0400135 suggests that there may be significant differences among these viruses
in cross-neutralization tests done in vitro.

Previous studies revealed a high level of diversity among the nucleotide sequences of the N
protein genes of CTNV strains associated with N. micropus on the CWMA (Fulhorst et al.
2002, Milazzo et al. 2013) and a high level of genetic diversity in N. micropus on the
CWMA (Méndez-Harclerode et al. 2007). This study revealed a similar level of diversity
among the nucleotide sequences of the N protein genes of arenaviruses associated with N.
micropus on FBMB, and even higher levels of diversity among the nucleotide sequences of
the GPC genes of arenaviruses associated with N. micropus on the CWMA and among the
nucleotide sequences of the GPC genes of arenaviruses associated with N. micropus on
FBMB (Table 5). Hypothetically, the co-occurrence of multiple genetic forms of CTNV on
the CWMA is a consequence of commingling of allopatric N. micropus populations, each
infected with a unique genetic form of CTNV (Fulhorst et al. 2002). Similarly, the co-
occurrence of multiple genetic forms of the arenavirus associated with N. micropus on
FBMB may be a consequence of mixing of allopatric N. micropus populations.
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Map showing the geographical range of Neotoma micropus (shaded area), The localities at

which the southern plains woodrats in this study were captured are marked with filled

circles: 1 — Black Mesa State Park and Nature Preserve, Cimarron County, Oklahoma; 2 —
privately owned property near the town of Flomot and along the Middle Pease River in

Motley County, Texas; 3 — privately owned property near the town of Afton, Dickens

County, Texas; 4— Fort Bliss Military Base in Otero County, New Mexico; 5 — Monahans

Sandhills State Park, Ward County, Texas; 6 — Chaparral Wildlife Management Area,

Dimmit and La Salle counties, Texas. The properties in Motley and Dickens counties were
separated by 53.5 km. United States — AZ, Arizona; CO, Colorado; KS, Kansas; NM, New
Mexico; OK, Oklahoma; TX, Texas; UT, Utah. Mexico — Cl, Chihuahua; CU, Coahuila; NL,
Nuevo Lebn; QU, Querétaro; SL, San Luis Potosi; TM, Tamaulipas; VZ, Veracruz. Map

adapted from Patterson et al. 2007.

Virus Res. Author manuscript; available in PMC 2014 December 26.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Cajimat et al.

Page 14

.I: MPRV-AV 10130006-Nmic-TX (Motley)
MPRV-AV M0040017-Nmic-TX (Dickens)

WWAV-AV 9310135-Nalb-NM (McKinley) ]
AV 96010024-Nmex-UT (San Juan)
AV 96010151-Nmex-NM (Socorro)
AV 96010025-Ncin-UT (San Juan) | Whitewater Arroyo
_.[TVP 6038-Nleu-OK (Cimarron) species complex

AV 98490013-Nmic-OK (Cimarron)
——AV D1240007-Nmex-CO (Larimer)
AV H0380005-Nmic-NM (Otero)
SKTV-D1000090-Nmex-AZ (Coconino)
TTCV-AV D0150144-Nalb-AZ (Gila)
TTCV-AV D0390060-Nalb-AZ (Gila)
o BBTV-AV D0390174-Nalb-AZ (Graham)
BBTV-AV D0390324-Nalb-AZ (Graham)

.ECTNV—AV A0400135-Nmic-TX (Dimmit)

CTNV-AV A0400212-Nmic-TX (La Salle)
RCTV-AV H0030026-Nleu-SLP (Catorce)
° TAMV-W:10777-Shis-FL (Hendry)
<+« TAMV-AV 97140103-Shis-FL (Miami-Dade)
BCNV-AV A0060209-Pcal-CA (Orange)
BCNV-AV A0070039-Pcal-CA (Riverside)
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TCRYV and the South American arenaviruses

0.1 substitution/site

Figure 2.
Phylogenetic relationships among the North American Tacaribe serocomplex viruses based

on Bayesian analyses of complete glycoprotein precursor gene sequences. The length of the
scale bar is equivalent to 0.1 substitution per site. A black dot at a node indicates that the
probability values in support of the clade were = 0.95. The branch labels include (in the
following order) virus species, strain, host species, state (and county or municipality).
BBTV, Big Brushy Tank virus; BCNV, Bear Canyon virus; CTNV, Catarina virus; MPRV,
Middle Pease River virus; RCTV, Real de Catorce virus; SKTV, Skinner Tank virus;
TAMYV, Tamiami virus; TCRV, Tacaribe virus; TTCV, Tonto Creek virus; WWAV,
Whitewater Arroyo virus. Nalb, Neotoma albigula (white-throated woodrat); Ncin, N.
cinerea (bushy-tailed woodrat); Nleu, N. leucodon (white-toothed woodrat); Nmac, N.
macrotis (large-eared woodrat); Nmex, N. mexicana (Mexican woodrat); Nmic, N. micropus
(southern plains woodrat); Peromyscus californicus (California mouse); Shis, S. hispidus
(hispid cotton rat). AZ, Arizona; CA, California; CO; Colorado; FL, Florida; NM, New
Mexico; OK, Oklahoma; SLP, San Luis Potosi; TX, Texas; UT, Utah.
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| Whitewater Arroyo
species complex

Phylogenetic relationships among the North American Tacaribe serocomplex viruses based
on Bayesian analyses of complete nucleocapsid protein gene sequences. The length of the
scale bar is equivalent to 0.1 substitution per site. Nodal support and branch labels are as in

Figure 2.
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