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Abstract

Limited serosurveillance studies suggested that orthopoxviruses (OPXV) are widespread in the US 

(e.g., Raccoonpox virus, Skunkpox virus, Volepox virus) and Brazil (Vaccinia virus); however, 

their animal reservoir(s) remain unconfirmed. Mexican mammal diversity includes several species 

related to those in which evidence for OPXV infections has been found (Oryzomys, Peromyscus, 
Microtus, and Procyonidae). The presence of these groups of mammals in Mexico and the 

evidence of their possible involvement in the maintenance of OXPV in nature suggest the same or 

similar OPXV are circulating in Mexico. We tested 201 sera from 129 procyonids via modified 

enzyme-linked immunosorbent assay (ELISA) and Western blot (WB) to estimate OPXV antibody 

prevalence in these animals. We detected a prevalence of 16.67% in Nasua narica (white-nosed 

coati), 35% in Procyon lotor (raccoon), and 30.4% in Bassariscus astutus (ring-tailed cat) when 

tested by either ELISA or WB. Western blot results presented protein bands consistent with the 

size of some OXPV immunodominant bands (14, 18, 32, 36, and 62 kDa). These results support 

the hypothesis that OPXV circulate in at least three genera of Procyonidae in central and Southeast 

Mexico.
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INTRODUCTION

The genus Orthopoxvirus (OPXV) contains species that have been associated with severe 

febrile rash illness in humans (e.g., smallpox and monkeypox; Damon 2007). Three species 

of this genus have been recognized to be endemic to North America: Skunkpox virus, 
Raccoonpox virus, and Volepox virus. Other than their initial descriptions (in 1978, 1961, 

and 1985, respectively), few studies have been conducted regarding the ecology, geographic 

distribution, pathology, and pathogenicity of these North American Orthopoxviruses (NA 

OPXV; Regnery 1987; Knight et al. 1992; Emerson et al. 2009; Gallardo-Romero et al. 

2012). Additionally, recent evidence suggests that Variola virus, the causative agent of 

human smallpox, was initially a rodent-borne virus before evolving into an exclusively 

human pathogen (Li et al. 2007). Other rodent-borne OPXV are cowpox, monkeypox, and 

vaccinia viruses (Khodakevich et al. 1987b; Crouch et al. 1995; Chantrey et al. 1999; 

Trindade et al. 2007; Abrahão et al. 2009; Schatzmayr et al. 2011; Peres et al. 2013).

The voles and mice (Microtus californicus and Peromyscus truei) in which volepox virus 

was found are noncommensal species that have little contact with humans; thus, it is 

possible that this virus infects humans but has had little chance for transmission. However, 

raccoons (Procyon lotor), white- and brown-nosed coatis (Nasua spp.), ring-tailed cats 

(Bassariscus astutus), cacomixtles (Bassariscus sumichrasti), and skunks (Mephitis spp.) are 

frequently in contact with humans, and NA OPXV have been isolated from raccoons and 

skunks (Alexander et al. 1972; Emerson et al. 2009).

Due to our limited knowledge of the natural history of the NA OPXV and their close 

relationship to the OPXV that cause disease in humans (i.e., monkeypox, cowpox, vaccinia, 

and variola virus), we consider these viruses to be a risk for human heath (Emerson et al. 

2009; Gallardo-Romero et al. 2012).

Orthopoxviruses have been studied and isolated in Brazil since the 1960s, but their vaccinia-

like strains are divided into two monophyletic groups. One theory is that some Brazilian 

strains have an independent origin from the vaccines used during the smallpox eradication, 

suggesting that these OPXV have been endemic in Brazil since before the smallpox 

outbreaks and vaccination campaigns occurred (Trindade et al. 2007). Anti-OPXV 

antibodies have been identified in serum from domestic animals (pets and livestock), wild 

animals (small and medium sized mammals, monkeys, and marsupials), and humans in 

Brazil (Abrahão et al. 2009; Abrahão et al. 2010; Schatzmayr et al. 2011; Peres et al. 2013). 

Recently, a 30% of prevalence of OPXV antibodies was reported in Mexican grey squirrels 

(Sciurus aureogaster) from Mexico City parks (Martinez-Duque et al. 2014).

We tested sera collected from white-nosed coatis, raccoons, and ring-tailed cats from an eco-

park and a natural reserve in Mexico to detect exposure by OPXV. We used modified 

Gallardo-Romero et al. Page 2

J Wildl Dis. Author manuscript; available in PMC 2019 February 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



enzyme-linked immunosorbent assay (ELISA) and Western blot (WB) assays to detect anti-

OPXV antibodies in these animals.

METHODS

Collection sites

Sera samples were collected from two localities. 1) The eco-park “Parque Museo de La 

Venta,” (hereafter La Venta), located in central Tabasco State, is one of Mexico’s eco-

archaeological attractions because of its collection of famous colossal Olmec heads. Animal 

samples from this site were collected with permit FAUT-0250 issued by Secretaría de Medio 

Ambiente y Recursos Naturales (Semarnat). 2) The “Reserva Ecológica del Pedregal de San 

Angel (REPSA)” ecologic reserve belongs to the Universidad Nacional Autónoma de 

México (UNAM) and is located in Southeastern Mexico City. The reserve covers over 237.3 

ha of volcanic rock terrain, and about 39 wild mammal species have been reported there 

(Hortelano-Moncada et al. 2009). Animal samples from the REPSA were collected with 

permit REPSA/410/2009 issued by the Universidad Nacional Autónoma de México (UN-

AM).

Trapping protocol

In La Venta, white-nosed coatis were trapped by anesthetic dart delivery and raccoons were 

trapped using Tomahawk live traps (Tomahawk Live Trap Company, Hazelhurst, Wisconsin, 

USA) baited with sardines. Four trapping periods were conducted between 2011 and 2012. 

In REPSA, ring-tailed cats were trapped using Tomahawk traps baited with a combination of 

sardines in tomato sauce, yogurt, raisins, strawberry jelly, and banana. Sixteen trapping 

periods were conducted between 2009 and 2011. In both sites, traps were baited before 

sunset and checked early the next morning. The animals were confined to the trap <12 h and 

were immediately released after sampling.

Animal identification, sample collection, and transportation: Animals from La 

Venta were anesthetized by intramuscular injection with a mixture of 10 mg/kg of ketamine 

hydrochloride (HCl) and 0.5 mg/kg of xylazine HCl. Blood was drawn by jugular 

venipuncture using a 5-mL syringe with a 21-G needle. Animals were tattooed with an 

individual identification number and released when completely ambulatory. Blood was 

stored at 4 C until centrifuged (about 3 h later). Serum was collected in 1.5-mL sterile 

microtubes and stored at −20 C until shipment.

Ring-tailed cats from the REPSA were anesthetized via intramuscular injection with a 

combination of 3.6 (±0.8) mg/kg of ketamine HCl and 59.4 (±13.8) μg/kg of 

dexmedetomidine HCl. Blood samples were collected from the jugular vein and the animals 

received an injection of 293.3 (±70.1) μg/kg of atipamezole to reverse the anesthesia. Prior 

to release, animals were marked with ear tags for future identification on recapture. Samples 

were stored at 4 C for 24 h and serum was separated and stored at −70 C until shipment. The 

sera were part of a capture–recapture study and some animals were trapped and sampled 

more than once.
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Sample processing: The sera were shipped on dry ice to the Centers for Disease Control 

and Prevention (CDC; Atlanta, Georgia, USA) Poxvirus laboratory for serologic analysis 

and kept at −20 C until tested. For initial screening of sera, a modified ELISA was used for 

detection of OPXV immunoglobulin G antibodies (IgG). Crude vaccinia virus Western 

Reserve at a concentration of 0.01 μg/well, diluted in carbonate buffer, was used for coating 

half of each microtiter plate and the other half was coated with an equal concentration of 

BSC-40 cell lysate. Animal sera were tested at a 1:100 dilution in duplicate. A volume of 

100 μL/well at a dilution of 1:10,000 of anti-raccoon IgG (H+L) labeled with horseradish 

peroxidase (A140-123 P; Bethyl Laboratories, Montgomery, Texas, USA) was diluted in 

blocking buffer and used as conjugate. SureBlue™ TMB Microwell Peroxidase Substrate 

(KPL 52-00-01, KPL, Inc., Gaithersburg, Maryland, USA) and TMB Stop Solution (KPL 

50-85-05) were used to develop the plates. Finally, plates were shaken for 5 s and read at 

450 nm on a spectrophotometer (Spec-traMAX® 190; Molecular Devices, LLC, Sunny-vale, 

California, USA) to obtain the optical density (OD) values. The average of the duplicates 

from the corresponding sample in the cell lysate half of the plate plus two standard 

deviations was used to generate a cut-off value (COV). A sample was considered positive if 

the average of the experimental sample duplicates was 0.05≥COV.

Positive sera were subsequently tested with serial 2-fold dilutions (1:100 to 1:3,200) and the 

COV was calculated using the OD value from the cell lysate part of the plate minus the value 

from the corresponding sample/dilution in the viral side of the plate. No duplicates were run 

because six dilutions of the same sample were tested. An animal was considered positive for 

anti-orthopoxvirus antibodies if the serum sample was positive in at least two consecutive 

dilutions (i.e., 1:100 and 1:200).

Western blots were performed following the standard protocol for polyacrylamide gradient 

gels and polyvinylidene difluoride membranes (Bio-Rad Laboratories, Hercules, California, 

USA) as described (Gallardo-Romero et al. 2012). Purified vaccinia virus proteins (Western 

Reserve strain) at a concentration of 1.5 μg/μL were loaded on the gel. Either the 

BenchPro™ 4100 Western Processing System (WP0001, WP1001, Invitrogen, Carlsbad, 

California, USA,) or the Mini-PROTEAN II Multiscreen Apparatus (part number 170-4017, 

Bio-Rad Laboratories) were used. The experimental serum was diluted in blocking buffer at 

1:100. Recombinant Protein A/G Alkaline Phosphatase Conjugated (part number 32391, 

Pierce™ Thermo Fisher Scientific, Waltham, Massachusetts, USA) at a dilution of 1:5,000 in 

blocking buffer was used a secondary antibody. Following the incubation with the substrate 

Immun-Star™ AP (no. 170-5018, Bio-Rad Laboratories), the membrane was placed on the 

Bio-Rad ChemiDoc™ system for chemiluminescent detection. The band molecular weight in 

kilo-daltons (kDa) was recorded for future analysis. A sample was considered positive if it 

presented at least the 14- or the 62-kDa immunodominant bands. The 14-kDa band has been 

observed in survivors from OPXV infections who manifest an immune response. This band 

size is consistent with the previously described envelope protein encoded by the A27 gene 

ortholog of vaccinia virus Copenhagen (VV-Cop). This gene has an important role in 

allowing mature virus to bind to cell surface glycosaminoglycans and stimulates a cellular 

immune response (Demkowicz et al. 1992; Che-Sheng et al. 1998; Gallardo-Romero et al. 

2012). The 62-kDa band is likely a major core protein encoded by the A10 gene (VV-Cop 
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ortholog) derived from the P4a precursor. It is the most abundant core protein found in the 

virion and plays an important role in its assembly. It is also important in stimulating memory 

B-cells and the humoral immune response (Vanslyke et al. 1991).

There is no commercially available serum from procyonids infected with OPXV to be used 

as a positive control for the assays. However, rabbit naive serum and rabbit hyperimmune 

anti-vaccinia serum were used as assay controls on every plate and blot. The rabbit 

hyperimmune serum was developed in our lab specifically to be used as a positive control in 

several assays and has been tested to confirm cross-reactivity with the anti-bodies we used in 

this study. To be consistent with the previously validated protocols, we used different 

antibodies and antigen purities for our distinct serologic assays.

RESULTS

We obtained 201 serum samples from white-nosed coatis (n=113), raccoons (n=58), and 

ring-tailed cats (n=30). Some animals were captured up to four times. In summary, sera from 

129 individuals were assayed (66 white-nosed coatis, 40 raccoons, and 23 ring-tailed cats). 

When samples were tested for anti-vaccinia IgG by ELISA, sera from 13 white-nosed coatis, 

17 raccoons, and 9 ring-tailed cats were positive. Using WB, we found 22 white-nosed coati, 

21 raccoon, and 12 ring-tailed cat sera with protein bands consistent with the size of several 

OPXV-specific bands (14, 18, 32, 36, and 62 kDa).

Raccoon sera

Twenty-six of 40 raccoons were sampled only once during the study. Eleven raccoons were 

captured twice, two were captured three times, and one was captured on four occasions. 

Fourteen (35%) raccoons had detectable antibody to OPXV.

We tested 58 samples from the 40 raccoons and 53 samples had concordant results in both 

assays (36 negative and 18 positives), showing 93% correlation. Four samples were positive 

only by WB (Table 1). Females and males were collected equally (20 of each); however, 

adults were more predominant than juveniles (29/40). Positive results are presented in Table 

1. Two animals that were negative on first capture were positive on subsequent recapture. 

Three animals positive on initial capture were negative by ELISA on recapture but remained 

positive by WB.

White-nosed coati sera

Sixty-six out of the 129 individuals were white-nosed coatis, but a total of 113 sera samples 

were collected from these 66 individuals. We captured 27 white-nosed coatis once, 31 twice, 

and eight three times. Antibody prevalence was 17% (11/66). Results for the two assays 

were 92% concordant; 91 samples were negative and 13 were positive by both assays. Nine 

serum samples were positive only by WB. We sampled 37 adult females, 21 adult males, and 

eight juveniles (six males and two females). A summary of the positive results is shown in 

Table 2. Two animals that were negative on first capture were positive on subsequent 

recapture. Six that were positive on initial capture were ELISA-negative on recapture but 

remained positive by WB (Table 2).
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Ring-tailed cat sera

The least represented group of animals was ring-tailed cats, with only 23 animals sampled. 

Eighteen ring-tailed cats were captured once, four were captured twice, and one was 

captured four times. The antibody prevalence was 30% (7/23). We tested 30 samples from 

the 23 individuals. Results from 27 samples were concordant between assays (18 negative 

and nine positive), showing 90% correlation. Three sera were positive only by WB. Ten 

females and 13 males were collected; however, adults were more predominant than juveniles 

(20/23). The positive ring-tailed cat samples are shown on Table 3.

DISCUSSION

The majority of samples were either positive or negative by both assays, and most of the 

animals were represented by only one sample. Nine raccoons, three white-nosed coatis, and 

five ring-tailed cats were positive by both assays in all samples available as shown in Tables 

1–3. The interesting results were observed with those animals that had more than one 

sampling date. Two raccoons (numbers 11 and 17), four white-nosed coatis (numbers 16, 39, 

69, and 74), and two ring-tailed cats (numbers 9 and 37) seroconverted over time. These 

animals were negative in the first sample with either both assays or by ELISA only, and then 

positive by both assays in subsequent samples, indicating the animal may have been exposed 

or re-exposed to an OPXV after the first capture date. Another group of six animals (two 

raccoons and four white-nosed coatis) were positive by both assays in the first sample tested 

and negative by ELISA but positive by WB in the subsequent sample; this may indicate a 

decrease in antibody titer with time.

The WB was more sensitive in detecting OPXV antibodies, and there are two possible 

explanations for this: 1) crude vaccinia virus was used for ELISA, compared to purified 

vaccinia virus used for WB; and 2) for ELISA, anti-raccoon IgG was used as the conjugate 

versus recombinant protein A/G for WB. The conjugate used in ELISA is specific to the 

detection of raccoon IgG. Cross-reactivity was seen with sera from other genera of the same 

family, but the sensitivity of the conjugate to IgG of the white-nosed coati and ring-tailed cat 

is unknown; however, the two genetically close species presented similar prevalences (30% 

for ring-tailed cats and 35% for raccoons). This compares to 17% in coatis, a species more-

distantly related (Koepfli et al. 2007). We consider that there may be a correlation between 

assay sensitivity and the genetic distance of the species mentioned above. The recombinant 

protein A/G used for WB contains four Fc-binding domains from Protein A and two from 

Protein G and binds to all antibody species and subclasses recognized by either Protein A or 

Protein G. Based on our results, it seems likely the recombinant protein A/G is detecting 

more than one anti-OPXV immunoglobulin in procyonid sera. Each of these conditions may 

contribute to the lower sensitivity of the ELISA compared to WB in detecting OPXV 

antibodies.

Serologic cross-reactivity between species of OPXV allows us to test experimental sera 

using vaccinia virus while recognizing, however, that the antibodies detected do not indicate 

the circulation of any particular OPXV. Our results might be explained in several ways. 

Firstly, the geographic range of NA OPXV may extend more southerly than previously 

thought. Secondly, vaccinia viruses similar to those seen in Brazil may be circulating in 
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hosts further north into Central and North America. Finally, this may be evidence of a new 

OPXV.

Without the cross-protection afforded by smallpox vaccination, a greater proportion of the 

human population may now be susceptible to OPXV infection. It is therefore prudent to be 

aware of circulating OPXV that could be potential risks to human health, particularly for 

individuals with immunosuppressive conditions. Our antibody prevalence results strongly 

support the hypothesis of enzootic OPXV circulating in at least three species of the family 

Procyonidae from central and southeastern México. This study demonstrates the need for 

additional OPXV research in Mexico. Additional serosurveys and virus isolates are needed 

to assess the zoonotic potential of the Mexican OPXV. Studying the pathogenesis and 

phylogenetic properties of the virus(es) would contribute to a better understanding of their 

potential impact on public health. Several zoonotic OXPV are maintained in nature by 

different species of rodents (Khodakevich et al. 1987a; Crouch et al. 1995; Chantrey et al. 

1999; Trindade et al. 2007; Abrahão et al. 2009; Schatzmayr et al. 2011; Peres et al. 2013). 

Therefore, it is important to test wild rodents sympatric with these three species of 

procyonids to estimate the prevalence in wild animals and identify the natural reservoir of 

these Mexican OPXV. Anti-OPXV antibodies were recently reported in squirrels from 

Mexico City (Martinez-Duque et al. 2014); now we have evidence of OPXV infection in 

Mexican procyonids.

LITERATURE CITED

Abrahão JS, Guedes MIMC, Trindade G, Fonseca FGD, Campos RK, Mota BEF, Lobato ZIP, Silva-
Fernandes AT, Rodrigues GOL, Lima LS, et al. 2009 One more piece in the VACV ecological 
puzzle: Could peridomestic rodents be the link between wildlife and bovine vaccinia outbreaks in 
Brazil? PLoS ONE 4(10):e7428. doi: 10.1371/journal.pone.0007428. [PubMed: 19838293] 

Abrahão JS, Silva-Fernandes AT, Lima LS, Campos RK, Guedes MIMC, Cota MMG, Assis FL, 
Borges IA, Souza-Júnior MF, Lobato ZIP, et al. 2010 Vaccinia virus infection in monkeys, Brazilian 
Amazon. Emerg Infect Dis 16:976–979. [PubMed: 20507750] 

Alexander A, Flyger V, Herman Y, McConnell S, Rothstein N, Yager R. 1972 Survey of wild mammals 
in a Chesapeake Bay area for selected zoonoses. J Wildl Dis 8:119–126. [PubMed: 4336527] 

Chantrey J, Meyer H, Baxby D, Begon M, Brown KJ, Hazel SM, Jones T, Montgomery WI, Bennett 
M. 1999 Cowpox: Reservoir host and geographic range. Epidemiol Infect 122:455–460. [PubMed: 
10459650] 

Che-Sheng C, Jye-Chian H, Yuan-Shau C, Wen C. 1998 A27 protein mediates vaccinia virus 
interaction with cell surface heparan sulfate. J Virol 72:1577–1585. [PubMed: 9445060] 

Crouch AC, Baxby D, McCracken CM, Gaskell RM, Bennett M. 1995 Serological evidence for the 
reservoir hosts of cowpox virus in British wildlife. Epidemiol Infect 115:185–191. [PubMed: 
7641833] 

Damon IK. 2007 Poxviruses In: Fields virology, Knipe DM, Howley PM, editors. Lippincott Williams 
& Wilkins, Philadelphia, Pennsylvania, pp. 2947–2975.

Demkowicz WE, Maa JS, Esteban M. 1992 Identification and characterization of vaccinia virus genes 
encoding proteins that are highly antigenic in animals and are immunodominant in vaccinated 
humans. J Virol 66: 386–398. [PubMed: 1727494] 

Emerson GL, Li Y, France MA, Olsen-Rasmussen MA, Khristova ML, Govil D, Sammons SA, 
Regnery RL, Karem KL, Damon IK, et al. 2009 The phylogenetics and ecology of the 
orthopoxviruses endemic to North America. PLoS ONE 4(10):e7666. doi: 10.1371/journal.pone.
0007666. [PubMed: 19865479] 

Gallardo-Romero et al. Page 7

J Wildl Dis. Author manuscript; available in PMC 2019 February 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Gallardo-Romero NF, Drew CP, Weiss SL, Metcalfe MG, Nakazawa YJ, Smith SK, Emerson GL, 
Hutson CL, Salzer JS, Bartlett JH, et al. 2012 The pox in the North American backyard: Volepox 
virus pathogenesis in California mice (Peromyscus californicus). PLoS ONE 7(8):e43881. doi: 
10.1371/journal.pone.0043881. [PubMed: 22952799] 

Hortelano-Moncada Y, Cervantes FA, Trejo A. 2009 Mamíferos silvestres In: Lot A, Cano-Santana Z, 
editors. Biodiversidad del ecosistema del Pedregal de San Ángel. Universidad Autónoma de 
México, México, pp. 277–293.

Khodakevich L, Szczeniowski M, Manbu-Ma-Disu, Ježek Z, Marennikova SS, Nakano JH, Messinger 
D. 1987a The role of squirrels in sustaining monkeypox virus transmission. Trop Geogr Med 
39:115–122. [PubMed: 2820094] 

Khodakevich L, Szczeniowski M, Nambu-Ma-Disu, Ježek Z, Marennikova SS, Nakano JH, Meier F. 
1987b Monkeypox virus in relation to the ecological features surrounding human settlements in 
Bumba zone, Zaire. Trop Geogr Med 39:56–63. [PubMed: 3037740] 

Knight JC, Goldsmith CS, Tamin A, Regnery RL, Regnery DC, Esposito JJ. 1992 Further analyses of 
the orthopoxviruses volepox virus and raccoon poxvirus. Virology 190:423–433. [PubMed: 
1529541] 

Koepfli K-P, Gompper ME, Eizirik E, Ho C-C, Linden L, Maldonado JE, Wayne RK. 2007 Phylogeny 
of the Procyonidae (Mammalia: Carnivora): Molecules, morphology and the Great American 
Interchange. Mol Phylogenet Evol 43:1076–1095. [PubMed: 17174109] 

Li Y, Carroll DS, Gardner SN, Walsh MC, Vitalis EA, Damon IK. 2007 On the origin of smallpox: 
Correlating variola phylogenics with historical small-pox records. PNAS 104:15787–15792. 
[PubMed: 17901212] 

Martinez-Duque P, Avila-Flores R, Emerson GL, Carroll DS, Suzan G, Gallardo-Romero NF. 2014 
Orthopoxvirus antibodies in grey squirrels (Sciurus aureogaster) in Mexico City, Mexico. J Wildl 
Dis 50:696–698. [PubMed: 24807351] 

Peres MG, Bacchiega TS, Appolinario CM, Ferreira Vicente A, Allendorf SD, Azevedo Paula Antunes 
JM, Almeida Moreira S, Legatti E, Fonseca CR, Pituco EM, et al. 2013 Serological study of 
vaccinia virus reservoirs in areas with and without official reports of outbreaks in cattle and 
humans in Sao Paulo, Brazil. Arch Virol 158:2433–2441. [PubMed: 23760628] 

Regnery DC. 1987 Isolation and partial characterization of an orthopoxvirus from a California vole 
(Microtus californicus). Arch Virol 94:159–162. [PubMed: 3034201] 

Schatzmayr HG, Costa RVC, Goncalves MCR, D’Andréa PS, Barth OM. 2011 Human and animal 
infections by vaccinia-like viruses in the state of Rio de Janeiro: A novel expanding zoonosis. 
Vaccine 30;29 Suppl 4: D65–9. doi: 10.1016/j.vaccine.2011.09.105. [PubMed: 22185829] 

Trindade GS, Emerson GL, Carroll DS, Kroon EG, Damon IK. 2007 Brazilian vaccinia viruses and 
their origins. Emerg Infect Dis 13:965–972. [PubMed: 18214166] 

Vanslyke JK, Whitehead SS, Wilson EM, Hruby DE. 1991 The multistep proteolytic maturation 
pathway utilized by vaccinia virus P4a protein: A degenerate conserved cleavage motif within core 
proteins. Virology 183:467–478. [PubMed: 1853556] 

Gallardo-Romero et al. Page 8

J Wildl Dis. Author manuscript; available in PMC 2019 February 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gallardo-Romero et al. Page 9

Ta
b

le
 1

.

R
es

ul
ts

 f
or

 e
nz

ym
e-

lin
ke

d 
im

m
un

os
or

be
nt

 a
ss

ay
 (

E
L

IS
A

) 
an

d 
W

es
te

rn
 b

lo
t (

W
B

) 
to

 d
et

ec
t a

nt
ib

od
ie

s 
to

 o
rt

ho
po

xv
ir

us
es

 in
 r

ac
co

on
s 

(P
ro

cy
on

 lo
to

r)
 in

 

M
ex

ic
o,

 2
00

9–
20

11
. +

 =
 p

os
iti

ve
; −

 =
 n

eg
at

iv
e.

Ta
tt

oo
Se

x
A

ge
A

ug
us

t 
20

11
Ja

nu
ar

y 
20

12
A

ug
us

t 
20

12
D

ec
em

be
r 

20
12

11
M

al
e

A
du

lt
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e
E

L
IS

A
−

,W
B

−
;

E
L

IS
A

+
,W

B
+

17
Fe

m
al

e
A

du
lt

E
L

IS
A

−
,W

B
−

N
o 

sa
m

pl
e

N
o 

sa
m

pl
e

E
L

IS
A

+
,W

B
+

18
M

al
e

Ju
ve

ni
le

N
o 

sa
m

pl
e

E
L

IS
A

+
,W

B
+

E
L

IS
A

−
,W

B
+

N
o 

sa
m

pl
e

19
Fe

m
al

e
A

du
lt

E
L

IS
A

+
,W

B
+

E
L

IS
A

−
,W

B
+

E
L

IS
A

−
,W

B
+

E
L

IS
A

+
,W

B
+

26
M

al
e

A
du

lt
E

L
IS

A
+

,W
B

+
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e

32
Fe

m
al

e
A

du
lt

N
o 

sa
m

pl
e

E
L

IS
A

+
,W

B
+

N
o 

sa
m

pl
e

E
L

IS
A

−
,W

B
+

40
M

al
e

Ju
ve

ni
le

N
o 

sa
m

pl
e

E
L

IS
A

+
,W

B
+

E
L

IS
A

+
,W

B
+

E
L

IS
A

+
,W

B
+

42
M

al
e

A
du

lt
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e
E

L
IS

A
+

,W
B

+
N

o 
sa

m
pl

e

44
M

al
e

A
du

lt
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e
E

L
IS

A
+

,W
B

+
N

o 
sa

m
pl

e

48
Fe

m
al

e
Ju

ve
ni

le
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e
E

L
IS

A
+

,W
B

+

49
Fe

m
al

e
A

du
lt

N
o 

sa
m

pl
e

N
o 

sa
m

pl
e

N
o 

sa
m

pl
e

E
L

IS
A

+
,W

B
+

51
Fe

m
al

e
Ju

ve
ni

le
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e
E

L
IS

A
+

,W
B

+

91
Fe

m
al

e
A

du
lt

N
o 

sa
m

pl
e

N
o 

sa
m

pl
e

N
o 

sa
m

pl
e

E
L

IS
A

+
,W

B
+

92
Fe

m
al

e
A

du
lt

N
o 

sa
m

pl
e

N
o 

sa
m

pl
e

N
o 

sa
m

pl
e

E
L

IS
A

+
,W

B
+

J Wildl Dis. Author manuscript; available in PMC 2019 February 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gallardo-Romero et al. Page 10

Ta
b

le
 2

.

R
es

ul
ts

 f
or

 e
nz

ym
e-

lin
ke

d 
im

m
un

os
or

be
nt

 a
ss

ay
 (

E
L

IS
A

) 
an

d 
W

es
te

rn
 b

lo
t (

W
B

) 
to

 d
et

ec
t a

nt
ib

od
ie

s 
to

 o
rt

ho
po

xv
ir

us
es

 in
 w

hi
te

-n
os

ed
 c

oa
ti 

(N
as

ua
 

na
ri

ca
) 

in
 M

ex
ic

o,
 2

01
1–

20
12

. +
 =

 p
os

iti
ve

; −
 =

 n
eg

at
iv

e.

Ta
tt

oo
Se

x
A

ge
A

ug
us

t 
20

11
Ja

nu
ar

y 
20

12
A

ug
us

t 
20

12
D

ec
em

be
r 

20
12

16
M

al
e

A
du

lt
E

L
IS

A
−

,W
B

−
N

o 
sa

m
pl

e
E

L
IS

A
+

,W
B

+
E

L
IS

A
+

,W
B

+

19
M

al
e

A
du

lt
N

o 
sa

m
pl

e
E

L
IS

A
+

,W
B

+
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e

20
M

al
e

A
du

lt
E

L
IS

A
+

,W
B

+
N

o 
sa

m
pl

e
E

L
IS

A
—

, W
B

+
N

o 
sa

m
pl

e

24
Fe

m
al

e
A

du
lt

N
o 

sa
m

pl
e

E
L

IS
A

+
,W

B
+

N
o 

sa
m

pl
e

E
L

IS
A

−
, W

B
+

39
M

al
e

A
du

lt
E

L
IS

A
−

,W
B

+
E

L
IS

A
+

,W
B

+
N

o 
sa

m
pl

e
E

L
IS

A
−

,W
B

+

42
Fe

m
al

e
A

du
lt

N
o 

sa
m

pl
e

E
L

IS
A

+
,W

B
+

N
o 

sa
m

pl
e

E
L

IS
A

−
, W

B
+

45
Fe

m
al

e
A

du
lt

N
o 

sa
m

pl
e

E
L

IS
A

+
,W

B
+

N
o 

sa
m

pl
e

N
o 

sa
m

pl
e

60
M

al
e

A
du

lt
E

L
IS

A
+

,W
B

+
E

L
IS

A
−

,W
B

+
E

L
IS

A
−

,W
B

+
N

o 
sa

m
pl

e

69
M

al
e

A
du

lt
N

o 
sa

m
pl

e
E

L
IS

A
−

,W
B

−
E

L
IS

A
+

,W
B

+
E

L
IS

A
−

,W
B

+

74
Fe

m
al

e
A

du
lt

N
o 

sa
m

pl
e

N
o 

sa
m

pl
e

E
L

IS
A

−
,W

B
+

E
L

IS
A

+
,W

B
+

82
M

al
e

Ju
ve

ni
le

N
o 

sa
m

pl
e

N
o 

sa
m

pl
e

E
L

IS
A

+
,W

B
+

E
L

IS
A

+
,W

B
+

J Wildl Dis. Author manuscript; available in PMC 2019 February 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gallardo-Romero et al. Page 11

Ta
b

le
 3

.

R
es

ul
ts

 f
or

 e
nz

ym
e-

lin
ke

d 
im

m
un

os
or

be
nt

 a
ss

ay
 (

E
L

IS
A

) 
an

d 
W

es
te

rn
 b

lo
t (

W
B

) 
to

 d
et

ec
t a

nt
ib

od
ie

s 
to

 o
rt

ho
po

xv
ir

us
es

 in
 r

in
g-

ta
ile

d 
ca

t (
B

as
sa

ri
sc

us
 

as
tu

tu
s)

 in
 M

ex
ic

o,
 2

00
9–

20
11

. +
 =

 p
os

iti
ve

; −
 =

 n
eg

at
iv

e.

E
ar

 t
ag

Se
x

A
ge

Sp
ri

ng
 2

00
9

F
al

l 2
00

9
Sp

ri
ng

 2
01

0
Su

m
m

er
 2

01
0

Sp
ri

ng
 2

01
1

9
Fe

m
al

e
A

du
lt

E
L

IS
A

−
,W

B
+

E
L

IS
A

+
,W

B
+

N
o 

sa
m

pl
e

E
L

IS
A

+
,W

B
+

E
L

IS
A

−
,W

B
+

29
M

al
e

A
du

lt
E

L
IS

A
+

,W
B

+
N

o 
sa

m
pl

e
E

L
IS

A
+

,W
B

+
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e

37
Fe

m
al

e
A

du
lt

N
o 

sa
m

pl
e

N
o 

sa
m

pl
e

E
L

IS
A

—
,W

B
+

E
L

IS
A

+
,W

B
+

N
o 

sa
m

pl
e

38
Fe

m
al

e
A

du
lt

N
o 

sa
m

pl
e

N
o 

sa
m

pl
e

E
L

IS
A

+
,W

B
+

N
o 

sa
m

pl
e

N
o 

sa
m

pl
e

66
M

al
e

A
du

lt
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e
E

L
IS

A
+

,W
B

+

85
M

al
e

A
du

lt
E

L
IS

A
+

,W
B

+
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e
N

o 
sa

m
pl

e

12
0

M
al

e
A

du
lt

N
o 

sa
m

pl
e

N
o 

sa
m

pl
e

N
o 

sa
m

pl
e

E
L

IS
A

+
,W

B
+

N
o 

sa
m

pl
e

J Wildl Dis. Author manuscript; available in PMC 2019 February 19.


	Abstract
	INTRODUCTION
	METHODS
	Collection sites
	Trapping protocol
	Animal identification, sample collection, and transportation:
	Sample processing:


	RESULTS
	Raccoon sera
	White-nosed coati sera
	Ring-tailed cat sera

	DISCUSSION
	References
	Table 1.
	Table 2.
	Table 3.

