
LA-12966-MS 
I 

Hantavirus Testing in Small Mammal 

Los Alamos ~~~ ~ 

N A T I O N A L  L A B O R A T O R Y  

Los Alamos National Laboratory is operated by the University ofCalifornia 
for the United States Department of Energy under contract W-7405-ENG-36. 



Edited by Amy Ferguson, Group CIC-I 

A n  Affirmative Action/Eqiml Opportunity Employer 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither The Regents of the Universityof California, the United States Government nor 
anyagency thereof, norany of theiremployeffi, makesanywarranty,expressorimplied,orassumesany 
legal liability or responsibility for the accuracy, completeness, or usefulness of any information, 
apparatus, product, or process disclosed, or represmts that its use would not infringe privately owned 
rights. Reference herein to any spec@ commercial product, process, or service by trade name, 
trademark, manufacturer, or othenuise, does not necessarily constitute or imply its endorsement, 
recommendation, or fmoring by The Regents of the University of California, the United States 
Government, or any agency there05 The views and opinions of authors expressed herein do not 
necessarily state or reflect those o f  The Regents o f  the University of California, the United States 
Government, or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 

I 



LA-22966-MS 

UC-908 
Issued: July 1995 

Hantavirus Testing in Small Mammal 
Populations of Northcentral New Mexico 

James Biggs 
Kathy Bennett 
Teralene Foxx 
M a y  Salisbu y 
Eric Pacheco 
Laura Payne 
Aletha Banar 
Delia Raymer 
Tim Haarmann 
David Keller 
Dan Dunham 

Los Alamos 
N A T I O N A L  L A B O R A T O R Y  

Los Alamos, New Mexico 87545 



HANTAVIRUS TESTING IN SMALL MAMMAL POPULATIONS OF 
NORTHCENTRAL NEW MEXICO 

bY 
.James Diggs, Kathy Bennett, Teralene FOXX, Mary Salisbury, Eric Pacheco, Laura Payne, Alethea 

Banar, Delia Itaymer, Tim Haarmann, David Keller, and Dan Dunham 

ABSTRACT 

In 1993, an outbrcak ofa  iicw sh-aiti of hatit~tvirus in the southwcstem US iridicatcd Uint 
deer mice (Perumyscifs mtiniciilms) was the primary carrier of the virus. 111 1993 and 
1994, the Ecologicd Studies Team (EST) at Los Ahunos National Laboratory surveyed 
small munrnal populations in Los Alamos County, New Mexico, prhnruily for 
ecological risk assessment (ecorisk) studies. At the request of the Centers for Disease 
Control (CDC) and the School of Medicine at the University of New Mexico, EST also 
collected blood samples from captured animals for use in determining seroprevalence of 
hantavirus in tliis region due to the recent outbreak of this virus in the four-comers 
region of the Southwest. The deer mousc was the most commonly captured species 
during the trapping sessions. Other species sampled included harvest mice 
(Reitlirodonfomys megalofis), least chipmunk (Emmins minimits), long-tailed vole 
(Microtits lungicaiidus), Mexican woodrat (Neotoma mexicana), and brush mouse 
(Peromyscrts Doylii). The team collected blood samples from trapped animals following 
CDC’s suggested guidelines. Results of the the 1993 and 1994 hantavirus testing 
identified a total overaIl seroprevalence of approximately 5.5% and 4.2%, respectively. 
The highest seroprevalence rates were found in deer mice sera (3-G%), but results on 
several species were inconclusive; further studies will be necessnry to quantify 
seroprevalence rates in those species. Seroprevalence rates for Los Alamos County were 
much lower than elsewhere in the region. 

INTRODUCTION 

In thc enrly 1980s, testing of small marnmals in the western United States showed evidence of a strain of 

hank7VkUS infecting deer mice (Peromysciis mcmiciilafits), rock mice (Peromysciis dificilis), California 

mice (Peromysciis cafiforniciis), Mexican woodrats (Neotoma mexicana), and bushy-tailed woodrats 

(Neotoma cinerea) (Tsai, et ai. 1985). Other strains of hantavirus recognized in North America have 

bccn identified in voles (Microfiis ,and Cfeflrrionomys), white-footed mice (Peromysciis feitcopiw), Norway 

rats (Raffiu norvegicirs), and house mice (Miis miisciiliis) (Yanagihnra 1990; Pyung-Woo Lee, et al. 
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1985). I n  late spring-early summer 1993, a newly recognized strain of hantavirus was identified in the 

southwestern United States, including New Mexico, Arizona, Utah, and Colorado, and is currently 

referred to as the Se Nombre Hantavirus. It was found to be primarily associated with the deer mouse but 

was also found in scveral olhier species (Childs, et al. 1994). 

During the outbrcak of the hantavirus disease in the southwestern US, the Centers for Disease Control 

(CDC) requested that chc Ecological Studies Team (EST) ai. Los Alamos National Laboratory (LANL) 

collect blood srunples from rodents to obtain information on hantavirus seroprevalence (prevalence of 

hantavirus antibodies in mammal sera) in the LANL area. During 1993 and 1994, we collected various 

biological data for an ecological risk assessment (ecorisk) in the LANL region, at which time blood 

samples were collected for liantavirus testing. We modified the project design, incorporating and 

cxpanding on CDC suggestions for collecting blood samples from small mammals. Ecorisk data 

collection included caplure-nnd-release studies on rodent populations in two canyon systems, Guaje and 

Los Aliunos Canyons, in Los Alntnos County, New Mexico. Due to the remoteness of the upper portion of 

Guaje Canyon, a field camp was established for a one week period to collect data. We established 

trapping grids on US Forest Service and Laboratory property. For comparative purposes, the grids wcre 

located i n  similar habitats in the two canyon systems. The primary purpose of the small mammal studies 

was to estimate population characteristics, including size and density for the study areas. The 1993 data 

was the first collected for the regional ecorisk study and was, in part, used to modify the design of the 

1994 small mcmmal studies for the ecological risk project. 

This study was not specifically designed to identify relationships between seroprevalence and small 

mammal population characteristics; furlher studies will be necessary to identify these relationships. This 

paper describes the small mammal studies, presents results of the small mammal population and density 

estimates, and provides results of the hantiwirus testing. 111 addition, this paper does not describe in 

detail die collection of blood srunples and safety procedures taken during the study to minimize risk of 
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acquiring the virus. Dctailed procedures for tlicse activities can be found in Mills, et al. (In prep.)’ and 

Biggs auld Bennett ( I n  prep)’. 

In addition to thc ecological risk assessment studies, blood samples were also taken in 1993 from several 

locations throughout LANL. This sampling was used to detcnnine seroprevalence of the hantavirus to aid 

i n  dcvelopinent of Standard Operating Procedures (SOPS) for nonEST Laboratory personnel that may 

potentially be exposed to the virus under normal working conditions. 

STUDY AREA 

Los Alanos National Laboratory (LANL) is located in northcentral New Mexico on the Pajarito Plateau, 

approximately 120 km (80 mi) north of Albuquerque and 40 kin (25 mi) west of Santa Fe (Figure 1). The 

plateau is i\n apron of volcanic sedimentary rock stretching 33-40 km (20-25 mi) in a north-south 

direction and 8-16 km (5-10 mi) from east to west. The average elevation of the plateau is 2286 m (7500 

ft). It slopes gently eastward from the edge of the Jemez Mountains, which are composed of a complex 

iwsernblage of volcanic rocks situated along the northwest margin of the Rio Grande rift. Intermittent 

streams flowing soutlieastward have dissected the plateau into a number of narrow mesas separated by 

deep, narrow canyons. The bedrock consists of B‘mdelier tuff erupted from the Jemez Mountains about 1.1 

to 1.4 million ycars ago. The tuff overlaps other volcariics that in turn overlay the Puye Formation 

conglomerate (Env. Surv. Group 1988). This conglomerate intermixes with Chino Mesa basalts along the 

Rio Grande. 

I Mills, J.N., T.L. Yates, J.E. Childs, R.R. Parmenter, T.G. Ksiazek, P.E. Rollin, and C.J. Peters. In 
Preparation. Guidelines for Working with Rodents Potentially Infected with Hantavirus. 

* Biggs, J.R. and K. Bennett. In preparation. Application of “Guidelines for Reduction of Hantavirus 
Infwtioa” to Field Studies of Rodent Populations in Northern New Mexico. Los Alamos National 
Laboratory, Los Alamos, N.M. 
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Figure 1. Location of Los Alamos County, New Mexico. 

--- Los Alamos County 

y z  Los Alamos National Laboratory 
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The LANL area is charactcrized by a semiarid, temperate mountain climate. In tlie summer months, 

tcmperatures typically r,ange from a daily low of around 10" C (50" F) to a high of 27" C (80" F) (Bowen 

1990). Wintcr temperatures generally range from near -10" C (15" F) to about 10" C (50" F) during a 

24-hour period. Annual precipitation v,Uics from 33 to 46 cm (13 to 18 in.), with most of it falling as rain 

in July and August. 

The distribution of plant communities in the LANL region is determined largely by elevation. Plains and 

Great B;lsin Rip'arian-Deciduous Forest occurs at the lowest elevations in Los Alamos County along the 

Rio Grande floodplain (about 1524 m, [5000 ft], above sea level). This VegekNion type is characterized by 

stands of cottonwood (Populirs spp.) and willow (Salk spp.), and nonnative species such as salt cedar 

(Tanzarix pentandra) and Russian olive (Eleagnus tzngiistifolia). Above the Rio Grande floodplain at 

elevations ranging from about 1700 to 1890 m (5600 to 6200 ft), one-seed juniper (Juniperus 

monosperma) becomes the most common overstory species, often intermixed with lesser amounts of piiion 

pine (Pinrw editlis). Both of these tree species are typical of die Grezzt Basin Conifer Woodland and 

together they form an open pifion-juniper woodland at elevations of 1890 to 2100 m (6200 to 6900 ft). 

As tlic elcvation increases towards the Jemez Mount?ins, the piiion-juniper woodland community 

gradually intergrades into Rocky Mountain Montane Conifer Forest. Ponderosa pine (Piniu ponderosa) 

bccomes a dominant specics at about 2100-2290 m (6900-7500 ft) on the higher mesa tops and along 

many of the north-facing canyon slopes. White fir (Abies concolor) and Douglas fir (Pseiidorsugu 

nienziesii) also grow along the north-facing slopes at intermediate elevations, where they intermix with 

ponderosa pine to form a mixcd-conifer community. Species of the Rocky Mountain Subalpine Conifer 

Forest and Woodland are more prevalent at the highcr elevations of the Jemez Mountains. 

The ecorisk trapping sites were located in two canyon systems (Figure 2). Three habitats were selected for 

s:unpling witliin each canyon; two distinct types-ponderosa pine and mixed-conifer, and a third in a 

transitional habitat type comprised of ponderosa pine and mixed conifer. The upper area of Guaje Canyon 
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is characterized by mixed-conifer vegetation with an overstory of Douglas fir, spruce (Picea englemanii), 

thinleaf alder (AZnus tenuifolia), and, in lesser quantity, ponderosa pine. Shrubs include cliffbush 

(Jamesia americana), serviceberry (Amelanchier spp.), and oak (Quercus spp.). The most common 

understory species are cutleaf coneflower (Rudbeckia Zaciniafa) and several species of grasses and forbs. 

The upper area of Los Alamos Canyon is similar in overstory and shrub composition with the addition of 

. white fr. Geranium (Geranium jamesii) and strawberry (Fragaria americana) are common in the 

understory. The upper canyons are relatively narrow with steep slopes. The middle sites of both canyons 

are characterized by Douglas fir, white fu, Engelmann spruce, limber pine (Pinusflexilis), aspen (Populus 

tremdoides), Gambel oak (Quercus gambelii), chokecherry (Prunus virginim), New Mexico locust 

(Robinia neomexicana), cliffbush, rose (Rosa woodsii), raspberry (Rubus strigusus) and various grass and 

forb species. The terrain in middle Guaje Canyon is generally level to slightly sloping on the south-facing 

slope and relatively steep on the north-facing slope, whereas the terrain in middle Los Alamos Canyon is 

steeper on the south facing slope than on the north-facing slope. 

The lower portions of the canyons support open ponderosa pine habitat, dominated by an overstory of 

ponderosa pine with lesser amounts of juniper (Juniperus momspenna). Common shrubs here include 

barberry (Berberisfendleri), oak, and rose. The understory in this habitat is sparse and consists mostly of 

a"rass species. Understory cover is greater in lower Guaje canyon than lower Los Alamos. 

A stream channel runs through all study sites in both upper and lower canyon areas but water flow is 

perennial in the upper portions of the canyons only; in the middle and lower areas, water flow is 

intermittent. 

The additional sites selected for hantavirus testing in 1993 were in Canada del Buey, a dry canyon 

consisting of essentially three habitat types. Indications of a piiion-juniper woodland are found on the 

south-facing slope with one-seed juniper and piiion pine scattered along the slope. The canyon bottom is 

characterized by ponderosa pine and a mixture of shrubs with the most common being chokecherry, 
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currant (Ribes spp.), and sumac (Rhus trilubata). Oak is also relatively common. The north-facing slope 

has influences of mixed-conifer with a mixture of fir and ponderosa pine. Oak dominates the north-facing 

slope and is more common there compared to the canyon bottom or south-facing slope. The locations 

selected around the buildings were generally highly disturbed but consisted of various forbs and ,orasses in 

some areas. 

METHODS 

The following methodology describes procedures used for tlie ecorisk small mammal studies. The 

additional trapping that took place around LANL in 1993 consisted of placing traps in such a way to 

ensure "high-intensity, shortduration" capture of small m a d s  for collection of blood samples. 

Due to the association between hantavirus and rodents, EST had to incorporate new techniques to allow 

for the collection of blood samples while collecting data on small mammals, and address health and safety 

issues associated with the hantavirus. The procedures for processing and bleeding animals and the 

personal protective equipment used in association with the collection of blood samples are not discussed in 

great detail in this report. A complete description of these procedures is given in Mills, et al. (In prep) 

and Biggs and Bennett (In prep). 

EST set up trapping ,gids in two habitat types (ponderosa pine and mixed-conifer) in 1993 and added a 

third in 1994 (ponderosa pine-mixed conifer). Grids were 120 m x 120 m (400 ft x 400 ft) with 144 trap 

stations each. In 1993, one grid was situated in the upper elevation of each canyon within mixed conifer 

habitat and one ,gid was in the lower portions of the canyons in ponderosa pine habitat. The third grid 

added in 1994 was setup similarly. The team used the computer program CAPTLTRE to estimate 

population size and density. 
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No extraordinary procedures were required for setting up grids and traps, but specialized clothing was 

necessary for the remaining portion of the study because of the risk of contact with rodents infected with 

hantavirus (these are discussed in detail in Mills, et al. (In prep); and B i g s  and Bennett (In prep). In 

1993, we placed two S h e w  live-traps within 2 m (6.6 ft) of each trap station, making sure to set traps 

at least 1 m (3.3 ft) from obvious deer, elk, and other large mammal trails or bedding sites. In 1994, only 

.. one trap per station was used. The bait consisted of sweet feed (a molasses-coated horse feed) or a peanut 

butter and oats mixture. The field crew baited traps in late afternoon and checked them in early morning 

to record nocturnal species. Trapping took place over four consecutive nights at each grid during each 

year of trapping and for a one week period around Laboratory facilities for a total of approximately 9,100 

trap nights. In the morning, personnel collected traps that had been tripped. While awaiting checking, 

the traps were kept out of the sun and animals were removed as soon as possible. 

At a centrally located (within the grid) processing station, animals were taken from the traps by shaking 

the animal into a ziplock bag which contained two cottonballs saturated with metaphane for 

anesthetization. Once the animal was anesthetized, personnel used a heparinized capillary tube to take a 

blood sample from the animal's interorbital area. The animal was then weighed, sexed, and measured. 

Additionally, animals were marked with size #FF rodent ear tags from the Salt Lake Stamp Co., Salt Lake 

City, Utah. Once measurements were taken from the animal, the animal was placed back into the trap, 

which was set in the shade, to revive. Once the animal revived, it was returned to the trap site and 

released at the original capture location. If the animal did not recover from the procedure, the specimen 

was double bagged and fiozen. The blood samples were stored in coolers on dry ice. Capillary tubes used 

for collecting blood were placed in a Sharp's container and heavily sprayed with Lysol. 

Some of the blood samples collected in 1993 were tested by the CDC while the remaining portion of the 

1993 samples and a l l  of the 1994 Samples were tested by University of New Mexico, School of Medicine. 
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For purposes of data analysis, traps were assigned two numbers corresponding to an x-y coordinate (i.e., 

1-1,l-2, 1-3, etc.) with the first station (1-1) located at the northwest comer of the =gid. The numbers 

were printed on pin flags placed at each trap station (the x-y coordinate). Additional flagging was placed 

above the trap station for ease in relocating. Species name, weight, body length, tail length, ear and foot 

length, and location of capture (x-y coordinate) were recorded. 

The Statistical Analysis System (SAS) was used analyze data on capture/recapture rates and for all 

analysis on seroprevalence data. A one-way parametric Analysis of Variance (AOV) and Student- 

Newman Keuls (SNK) multiple range test were used to determine if mean daily small mammal capture 

rates were statistically different between years. A one-way AOV was also used to analyze recapture data 

to determine if handling procedures signitkantly affected recapture rates. 

EST used the pro,oram CAPTURE (White et al. 1982) to estimate population size and density. A 

nested-grid methodology was used to estimate density. Use of the nested g i d  methodology compensates 

for possible "edge effect" (animals being drawn into the trap grid that normally would not occur there). 

The x-y coordinates for each capture were input to C A P W  for use in density estimates. All species 

data were pooled to calculate density and populations of small mammals. Sample sizes for most 

individual species were insufficient to calculate population size or density. However, capture-recapture 

data on the deer mouse was large enough to be used. 

RESULTS 

Figure 3 shows mean daily capture rates recorded for 1991-1994. As shown in the g-aph, capture rates 

(includes recaptures) in 1991 and 1992 were moderate, ranging from about 15->25%. In 1993 and 1994, 

however, we experienced very poor capture rates which were not only evident in the ecorisk trapping 

locations but elsewhere at the Laboratory during sirnilat live-trapping sampling. Analysis (AOV and 

SNK multiple range test) showed that the mean daily capture rates observed during the four consecutive 
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years are statistically different (alpha=O.O5). Capture rates for 1991 were si,onificantly higher than the 

subsequent years, and 1992 rates were significantly higher than 1993 and 1994. Capture rates were not 

significantly different between 1993 and 1994. 

Figure 3. Mean Daily Small Mammal Capture Rates, Los Alamos 
County 1991 -94. 

1991 1992 1993 1994 
1-WAY AOV; E25.73, P=O.OWl, ALPHA=0.05 

Year 

Due to the implementation of new techniques (i.e., bleeding, anesthetizing of animals) added to the small 

mammal population study, concerns arose about the possibility of additional stress factors affecting 

recapture rates. Daily recapture rates (total number of tagged animals/total number of animals captured) 

for these studies and for some of the studies in 1992 have been plotted and are shown in Figure 4. Only 

two nights of data were collected in 1992. Analysis of recapture data showed no si@ficant differences 

between days when comparing between years. 
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Figure 4. Daily Recapture Rates for Small Mammal Studies, 
Los Alamos County, 1992-94. 

02nd  night 
W3rd night 

1992 1993 1994 
Year 

I-WAY AOV: DAY 2 Fd.30. Pd.7455 DAY 
3 k O . 5 0 .  Pd.6098 DAY 4 61.33. P=0.2717 

Table 1 lists all small mammal species captured during trapping sessions in Los Alamos and Guaje 

Canyons. This list also includes incidental captures of diunial species. Table 2 lists each species by the 

habitat they were captured in, either ponderosa pine, mixed-conifer, or the transition area between these 

two. Deer mice were captured in all trapping locations except middle Los Alamos Canyon. Shrews and 

voles were only captured in the upper locations of each canyon, and deer mice and a small number of 

harvest mice were the only species captured in the ponderosa pine habitat of the lower portions of each 

canyon. 
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Table 1. Small Mammal Species Captured during the 1993-94 Ecological Risk Studies, Los Alamos and 
Guaje Canyons. 

Least chipmunk 
Colorado chipmunk 
Long-tailed vole 
Weasel 
Mexican woodrat 
Brush mouse 
Deer mouse 
Harvest mouse 

.. Water shrew 
Vagrant shrew 

Eutamias minimus 
Eutamias quadrivatattus 
Microtus longicaudus 
Mustela frenata 
Neotoma mexicanu 
Peromyscus boylii 
Peromyscus maniculatus 
Reithrodontomys megalotis 
Sorex palustrus 
Sorex vagrans 

Table 2. Small Mammal Species Captured during the 1993-94 Ecological Risk Studies, Los Alamos and 
Guaje Canyons, By Habitat 

X X 
X 

X 
X 

X 

Habitat 
Species Ponderosa Pine Transition Area Mixed Conifer 

LG LLA MG MLA UG ULA 
Least chipmunk X 
Colorado chipmunk X X 
Long-tailed vole X 
Weasel X 
Mexican woodrat 
Brush mouse 
Deer mouse 
Harvest mouse 
Water shrew 
Vagrant shrew 
Shrew (unidentified species) 

X 
X 
X 

X 
X 

X 
X 

X 

Table 3 provides information on population estimates and density estimates for smaU mammals captured 

during the study. Insufficient sample sues prevented analysis from being conducted on all individual 

species except deer mice. Data was pooled for all nocturnal species to obtain overall small mammal 

population and density estimates. 
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Table 3. Small Mammal Population and Density Estimates for Guaje and Los Alamos Canyons, Los 

* Indicates sample size insufficient to run population and density estimate program. 

Table 4 gives overall hantavirus testing results for Los Alaolos County. The table also shows the number 

of animals of each species for which hantavirus tests were inconclusive. Further testing will be necessary 

to determine seroprevalence rates in those species. As shown in Figure 5, seroprevalence rates in Los 

Alamos County were generally much lower than rates for 1993-94 in other locations in New Mexico or 

the four-comers area of New Mexico, Arizona, Utah, and Colorado. Seroprevalence rates were highest in 

deer mice. Approximately 8.9% of all male deer mice tested positive for the virus while only 2.4% of the 

females tested positive. 
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Alamos C. indudes three questionables (for seroprevalence) for one deer mouse. brush mouse, and harvest mouse: 
1994 data for Los Alamos C. includes one unconfirmed species identification. 

DISCUSSION 

When EST initiaited the trapping sessions, the only capture rates available were from 1991 and 1992 data. 

The capture rates were fairly high in these surveys. This was not the case for the1993 surveys, when 

sample sizes were low. As indicated in Table 3, most of the estimates are within generally acceptable 

standard errors, with the exception of density estimates and standard errors for all species in the upper 

canyons. However, the modeling procedure of the CAPTURE program usually selected the null estimator, 

which suggests small sample sizes were used in the analysis. The CAPTURE p r o w  is less accurate as 

the population size decreases, particularly when the population size is under 50 (White et al. 1982). 

Because population estimates for this study were under 50, the results calculated by CAPTURE may not 

be reliable. EST may modify future studies, if conducted, to compensate for the small population sizes. 

These would increase sample sizes to more accurately estimate populations and densities of smaU 

mammals in the study areas and thus seroprevalence rates. 
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The bleeding procedure was of concern because it may affect the animals’ behavioral responses to 

trappings. Although the procedure did not appear to have an affect on capture and recapture rates, 

additional studies will be necessary to more accurately determine any effects. The seroprevalence 

estimates for Guaje and Los Alamos Canyons and for various areas of the Laboratory are much lower than 

estimates from the four-comers area, where most of the hunm hantavhs infections have been reported. 

In and around the four-comers area, seroprevalence in rodents has been, on average, around 20% with 

higher rates for deer mice. Nationwide, seroprevalence rates for hantavirus in deer mice is approximately 

14.4% (CDC; Hantavirus Conference, April 1995, Gallup, NM.), which is about three-times the rate 

found in Los Alamos County. Most of the samples that tested positive for hantavirus were from deer 

mice, altough a relatively high percentage were questionable for several other species. Our data showed 

an approximately 40% drop in the seroprevalence rate of deer mice from 1993 and 1994. Large decreases 

were also observed for deer mice in tested areas of New Mexico and the four-comers area (including New 

Mexico). However, much of this data is preliminary and has not yet been completely analyzed and 

reported. 
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