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GUIDELINES FOR WORKING WITH RODENTS POTENTIALLY 
INFECTED WITH HANTAVIRUS 

JAMES N. MILLS, TERRY L. YATES, JAMES E. CHILDS, ROBERT R. PARMENTER, 
THOMAS G. KSIAZEK, PIERRE E. ROLLIN, AND C. J. PETERS 

Viral and Rickettsial Zoonoses Branch, National Center for Infectious Diseases, 
Centers for Disease Control and Prevention, 1600 Clifton Road NE, 

Atlanta, GA 30333 (JNM, JEC, TGK, PER, CJP) 
Department of Biology and Museum of Southwestern Biology, 

University of New Mexico, Albuquerque, NM 87131 (TLY, RRP) 

Because of the high morbidity and mortality associated with hantavirus pulmonary syn- 
drome and the possibility of aerosol transmission of hantaviruses, persons handling known 
reservoir species in the field, laboratory, or classroom should take special precautions to 
minimize the risk of infection. We provide specific guidelines for personal safety while 
trapping, handling and releasing, transporting, sampling, and performing necropsy on po- 
tentially infected rodents or teaching field classes in areas occupied by reservoir species. 
Special consideration should be given to respiratory protection, choice and use of disin- 
fectants, decontamination of instruments and traps, proper disposal of infectious wastes, 
and preservation and shipment of samples intended for hantavirus testing. Precautionary 
testing of wild rodents used to start laboratory colonies is recommended. Although we 

specifically address hantaviruses, the procedures described are applicable for any study of 

populations of small mammals when an infectious zoonotic agent transmissible by aerosol 
and capable of causing high morbidity and mortality is involved. 

Key words: Hantavirus, laboratory colonies, hantavirus pulmonary syndrome, safety, nec- 

ropsy, Peromyscus, Sigmodon 

Hantavirus pulmonary syndrome (HPS) 
was recognized in 1993 as an acute disease 
caused by several related strains of viruses 
in the genus Hantavirus, family Bunyavir- 
idae. The deer mouse, Peromyscus mani- 
culatus, is the primary reservoir for Sin 
Nombre virus (SNV) and related strains of 
hantavirus throughout much of North 
America. It is possible that other species of 

Peromyscus serve as competent hosts, and 
a variety of species have been shown to 
have antibody (Childs et al., 1994). Black 
Creek Canal virus (BCCV), isolated from 

Sigmodon hispidus, was responsible for at 
least one case of HPS in Florida (Rollin et 
al., in press). Nucleotide sequences sugges- 
tive of novel species of Hantavirus have 
been identified by polymerase chain reac- 
tion from Reithrodontomys megalotis (Hjel- 
le et al., 1994) and Microtus californicus 

(B. Hjelle, pers. comm.), but no relationship 
to human disease has been demonstrated. It 
is likely that hantaviruses will be found in 
other species of rodents and their potential 
for pathogenicity in humans will remain in 

question except in cases in which a clear 

relationship to human disease is found. Pri- 
or to 1993, two hantaviruses were known 
to exist in the United States. Seoul virus, 
from Rattus norvegicus, causes mild hem- 

orrhagic fever with renal syndrome in Asia, 
but rarely is associated with human disease 
in the United States (Glass et al., 1993). 
Prospect Hill virus, from Microtus pennsyl- 
vanicus (Lee et al., 1985), has not been as- 
sociated with human disease. For a more 
complete list of reservoir species of hanta- 
virus, geographic distributions, and associ- 
ated diseases, see Childs et al. (1995:table 
1). 
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Rodent hosts that are infected with han- 
tavirus may develop a life-long chronic in- 
fection and shed infectious virus in urine, 
feces, and saliva (LeDuc, 1987). The pri- 
mary mode of infection to humans is 
thought to be inhalation of aerosolized vi- 
rus, although rodent bites and direct contact 
with broken skin or mucous membranes 
also are potential sources of infection (Tsai, 
1987). 

With the appearance of HPS, researchers, 
health officials, and university instructors 
who routinely work with wild rodents have 
realized that they are potentially at risk of 
infection with this newly discovered virus. 
The risk of exposure varies with profes- 
sional activities. People who may have a 
relatively high risk of exposure to infected 
rodents include mammalogists and public 
health workers, who may be sampling in- 
fected rodents, especially in areas of recent 
disease activity. Field researchers conduct- 
ing mark-recapture studies on rodents or 
students and instructors in classes on field 
trips to collect or observe rodents also may 
be subject to exposure to the virus. 

Because of the high morbidity and mor- 
tality associated with HPS and the likeli- 
hood of aerosol transmission of virus, per- 
sons handling known reservoir species in 
the field or laboratory should take special 
precautions to minimize the risk of infec- 
tion. The recommendations provided in this 
article constitute a guide for those persons 
performing field and laboratory studies in- 
volving populations of rodents that poten- 
tially are infected with hantavirus. Howev- 
er, the procedures outlined are appropriate 
for any study of populations of small mam- 
mals when an infectious zoonotic agent that 
can cause high morbidity and mortality is 
involved. Previous general recommenda- 
tions for risk reduction have been published 
(Centers for Disease Control and Preven- 
tion, 1993). 

Persons contemplating trapping, han- 
dling, or performing necropsies on rodents 
in areas of hantavirus transmission should 
contact their state public health agency for 

local recommendations that may comple- 
ment these guidelines. Local training, in- 
cluding an orientation about hantavirus 
transmission and specific safety procedures, 
is recommended. General background in- 
formation concerning hantaviruses and han- 
tavirus disease may be found in other 
sources (Childs et al., 1994, 1995; Duchin 
et al., 1994; LeDuc, 1987; McKee et al., 
1991; Tsai, 1987). 

FIELD METHODS 

Setting rodent traps.--Live-capture traps, 
such as Sherman or Tomahawk traps, are pre- 
ferred for obtaining specimens when blood sam- 
ples, tissues, or chromosome preparations are re- 
quired. Traps that have contained captured ro- 
dents should be disinfected prior to placement 
in the field (see trap-cleaning guidelines under 
"cleanup"). No special clothing or equipment is 
required for setting and baiting clean traps, al- 
though a long-sleeved shirt, long pants, socks, 
and lace-up shoes are recommended for all field- 
work. 

Retrieving trapped rodents.-Workers check- 
ing and retrieving traps should wear thick rubber 
gloves in addition to the protective clothing rec- 
ommended. Coveralls that can be removed when 
trapping and processing are completed may pro- 
vide an additional measure of safety. When a 
closed trap is encountered, the worker should lift 
it without shaking it and, standing with the wind 
to the left or right side and the trap held at arm's 
length, push the door open just enough to peer 
inside. Traps containing rodents should be 
placed in double plastic bags and transported as 
quickly as possible to the processing site, keep- 
ing the animals out of direct sunlight to protect 
them from overheating. Gloved hands should be 
washed with soap and water or a suitable dis- 
infectant (e.g., 1% household bleach, 5% hos- 
pital-type bulk Lysol; National Laboratories, 
Lehn and Fink Industrial Products Division, 
Montvale, NJ) or any hospital-grade disinfectant 
approved by the Environmental Protection 
Agency used according to the manufacturer's in- 
structions. As a surface disinfectant, 1% house- 
hold bleach is adequate, but 10% bleach is more 
effective for heavily soiled items or areas con- 
taminated with feces or nesting materials of ro- 
dents. Hands should be thoroughly washed with 
soap and water immediately after removing 
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FIG. 1.-Technicians from the University of 
New Mexico, Museum of Southwestern Biology 
prepare to mark and release a white-throated 
woodrat (Neotoma albigula) at the Sevilleta 
Long Term Ecological Research site in New 
Mexico. The technician on the left is wearing a 
full-hood powered air-purifying respirator with 
high efficiency particulate air (HEPA) filters; the 
technician on the right is wearing goggles and a 
half-face respirator with HEPA filters. Note dis- 
posable gowns, gloves, and plastic bags for 
transporting the rodent and trap. 

gloves. Bagged traps should be transported in 
the back of a pickup truck or other compartment 
isolated from passenger sections. 

Handling live rodents.-The field processing 
site should be in a secluded area, away from 
other humans or domestic animals. Table and 
other work surfaces, chairs, and floor should be 
of a nonporous material that can be easily dis- 
infected and cleaned. Weather permitting, out- 
door processing is preferred because of greater 
ventilation and the antiviral effects of natural ul- 
traviolet light. Workers should sit with the wind 
from behind at an ca. 450 angle; captured ani- 
mals should be located downwind, and vehicles 
and equipment should be upwind. If indoors, 
there should be adequate means of ventilating 
the area to the outside. Workers should wear 
protective clothing, including a surgeon's gown 
or coveralls (preferably disposable), shoe cov- 
ers, latex gloves (two pairs), suitable eye pro- 
tection, and a respirator. Respirators may be of 
the negative-pressure type or a powered air-pu- 
rifying respirator. Either type should be fitted 
with high-efficiency particulate air (HEPA) fil- 
ters (Fig. 1). Establishment of a comprehensive 
respiratory protection program, including proper 
fitting, pulmonary function test, and instruction 

on respirator care and use is required before us- 
ing any respirator (Ref. 29CFR 1910.134, OSHA 
Respiratory Protection Standard). Necessary 
guidance can be provided by the local health de- 
partment or the Area Office of the Occupational 
Health and Safety Administration. The safety of- 
fice of most colleges and universities will pro- 
vide specific guidelines and procedures for ob- 
taining and using respirators. 

If animals are not anesthetized (as in the case 
of demonstrations or observations during uni- 
versity field trips, or during certain mark-release 
studies on populations of rodents), gloves of suf- 
ficient thickness to prevent rodent bites should 
be worn by handlers. Protective gloves, goggles, 
and respirators also should be worn when re- 
leasing live animals from traps. Following re- 
lease of animals, traps should be transported in 
double plastic bags and decontaminated as sub- 
sequently described. Soiled trap bedding and 
any remaining bait or feces should be treated as 
biohazardous waste and incinerated or auto- 
claved prior to disposal. 

Collection of blood samples.-Animals in 
live-capture traps may be anesthetized by plac- 
ing the entire trap into a plastic bag containing 
gauze or cotton soaked with an inhalant anes- 
thetic. Alternatively, animals in Sherman traps 
may be shaken into a clear plastic bag contain- 
ing the anesthetic. Technicians should take care 
to minimize inhaling anesthetic during these 
procedures. Because of the hepatotoxicity of 
halothane and chloroform and the flammability 
of ether, we recommend the use of methoxyflur- 
ane (Metofane) as the primary anesthetic. Blood 
samples should be obtained from the retro-or- 
bital sinus of profoundly anesthetized animals 
by using a heparinized capillary tube or Pasteur 
pipette. Blood can be allowed to drip from the 
capillary tube into a 1-2-ml plastic cryovial 
(e.g., Nunc, Sarstedt, Evergreen). At least four 
or five drops of blood are required for laboratory 
testing for hantaviruses. Use of needles for car- 
diac puncture should be avoided because of the 
risk of needle-stick injury and infection. The 
capillary tube or pipette should be discarded in 
a disposable "sharps" container. The bleeding 
then should be stopped by pinching the rodent's 
eye closed with a gauze square and applying 
pressure to the orbit. Gloves, working surfaces, 
and outside of the vial should be cleaned, if nec- 
essary, using a suitable disinfectant (as previ- 
ously described) and paper towels. The anesthe- 
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tized animal can be euthanized by cervical dis- 
location or by overdose of anesthetic before nec- 

ropsy. In areas of plague endemicity (west of the 
101st meridian), fleas can be killed by placing 
the animal into a tightly sealed container with 
cotton or gauze wetted with chloroform. Chlo- 
roform should be used only in a well-ventilated 
area and inhalation of fumes should be avoided. 

To increase the scientific value of tissue col- 
lections and voucher specimens, appropriate 
data (species, weight, standard measurements, 
reproductive condition, date, habitat, and specif- 
ic locality of capture) should be recorded for 
each animal. 

Necropsy and tissue collection. -Dissection 
scissors and forceps should be thoroughly 
cleaned and flamed over an alcohol burner be- 
fore use or reuse. The ventral surface of the an- 
imal should be disinfected with alcohol and the 
peritoneal cavity opened, using blunt-end dis- 
section scissors. The required organs should be 
removed with sterile, blunt-end forceps (use of 
scissors or toothed forceps is unnecessary and 
increases the risk of injury) and placed in la- 
beled 2-ml cryovials. A single pair of forceps 
may be used to take all organs from each animal. 
Forceps should not touch pelage or working sur- 
faces to avoid contamination. Scissors should 
not be used to take organs after they have been 
used to cut through the skin and peritoneum un- 
less they are cleaned and flamed. Cryovials con- 
taining specimens should be tightly closed, 
wiped with disinfectant, and immediately placed 
on dry ice or in liquid nitrogen. The gloves and 
working surfaces should be disinfected between 
animals, and clean, flame-sterilized instruments 
(forceps and scissors) should be used for each 
animal. Used instruments should be placed into 
a disinfectant bath for the duration of the pro- 
cessing, or for 

-15 
min. Scissors and forceps 

from the disinfectant bath then should be care- 
fully cleaned with a scrub brush under a fresh 
disinfectant solution and rinsed in clean water. 
Modem molecular techniques, such as polymer- 
ase chain reaction, are so sensitive that a minute 
amount of viral or host nucleic acid can result 
in false-positive results if carried over to sub- 
sequent samples. These clean instruments then 
should be flamed prior to reuse. If karyotypes 
are being prepared, long bones that are being 
flushed with a needle and syringe should be held 
with a hemostat to prevent accidental needle- 
stick injury to the fingers or hand. 

As a less desirable alternative to taking tissues 
from live-captured animals, samples may be ob- 
tained from animals freshly killed in snap traps. 
In this case, tissues should be taken within 2 h 
after capture or sooner if the ambient tempera- 
ture is >210C (700F). Fleas that may remain on 
the carcass can be killed with chloroform, and 
organs can be taken as previously described. A 
small amount of blood may be obtained from 
freshly kill-trapped rodents by opening the tho- 
racic cavity and cutting the heart open with ster- 
ile blunt-end scissors. Blood then may be taken 
into a Pasteur pipette with rubber bulb or micro- 
pipetter with disposable tip and expelled into a 
labeled cryovial, taking care to avoid aerosol 
generation through bubbling or frothing. Alter- 
natively, blood may be wicked into labeled, cal- 
ibrated filter-paper strips, dried, and shipped to 
the processing laboratory in double plastic zip- 
lock bags contained in a sturdy box. Nobuto fil- 
ter strips for this purpose may be obtained from 
Microfiltration Systems (Dublin, CA). Direc- 
tions provided with the strips should be fol- 
lowed. 

Cleanup.-After all animals have been pro- 
cessed, all instruments and other items on the 
processing table should be wiped with disinfec- 
tant. Scissors and forceps from the disinfectant 
bath should be cleaned as previously described. 
Traps can be disinfected by placing each into a 
plastic container of disinfectant after the animal 
is removed. Bleach can be used but is not rec- 
ommended for this purpose as it may corrode 
metal traps. Dirt and fecal material in traps can 
be removed with a long-handled brush while the 
trap is submerged in the container. After ca. 10 
min in the disinfectant, the traps should be 
passed through one or two containers of clear 
rinse water. Heavy rubber gloves should be worn 
over latex gloves while handling traps to avoid 
tearing the latex gloves on sharp trap surfaces. 
All working surfaces, tables, chairs, and floor (if 
indoors) should be cleaned thoroughly with dis- 
infectant. Disposable gowns, latex gloves, and 
contaminated trash should be placed into bio- 
hazard bags and disposed of in accordance with 
local requirements for infectious wastes. If pro- 
cessing was indoors, the area should be venti- 
lated for ?30 min before personnel should enter 
without respirators. Finally, hands should be 
thoroughly washed with soap and water after 
protective clothing is removed. If coveralls or 
gowns worn during processing are not disposa- 
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ble, they should be laundered on site or im- 
mersed in liquid disinfectant until they can be 
washed. Potentially contaminated clothing 
should be laundered in hot water and detergent. 
Use rubber gloves when handling the soiled 
clothing and wash gloved hands in a disinfectant 
or soap and water, then remove gloves and wash 
hands with soap and water. Machine-dry laundry 
on a high setting or hang it to air dry in the sun. 

Preparation of voucher specimens.-We rec- 
ommend that what remains of each animal be 
prepared as a standard museum voucher speci- 
men (Yates et al., in press). If this is not possi- 
ble, carcasses should be double bagged and in- 
cinerated. If specimens are to be prepared as 
voucher specimens, they should be tagged (in- 
cluding all necessary data) and placed into a 
tight-sealing plastic container of 10% formalin 
for 7 days before handling. If animals are not 
opened to take tissue samples, they should be 
opened from lower abdomen to upper thorax to 
allow formalin to reach all tissues. To insure 
proper fixation, the volume of the carcasses 
should not exceed ca. 10% of the total volume 
of the container. After 1 week, carcasses should 
be placed in 70% alcohol for permanent storage. 
Foot tags should be made of 100% rag paper of 
ca. 110-lb. weight and should be attached to the 
right hind leg above the heel, using a strong, 
white cotton mercerized thread, size 10-12. Data 
on tags should be written with permanent black 
India ink or, if this is not available, a hard lead 
pencil (e.g., no. 4). 

Standard museum skins and skeletons of 
freshly killed species that are known or sus- 
pected reservoirs of SNV or BCCV (Peromys- 
cus and S. hispidus) must be prepared using all 
of the safety precautions previously discussed. 
Gloves, respirators, and protective clothing must 
be worn during specimen preparation, and bio- 
hazardous wastes should be incinerated or au- 
toclaved. After removal, the skin and skeleton 
should be wetted thoroughly in 70% alcohol pri- 
or to stuffing with cotton or drying. These 
should then be quarantined and not handled 
without gloves until thoroughly dry. Although 
the survival of SNV outside of the host is not 
known, studies with related strains indicate that 
the virus may remain viable for as long as 48 h 
on dry surfaces (J. Huggins, pers. comm.). 

LABORATORY COLONIES 

Establishing or expanding colonies of 
wild rodents.-Special precautions should 

be taken when establishing laboratory col- 
onies using wild rodents that are natural 
hosts of hantaviruses or other rodent-borne 

hemorrhagic fever viruses. Although expe- 
rience is limited and detailed guidelines 
have not been established, these recommen- 
dations are based on current knowledge of 
hantavirus infection in host animals. They 
are to supplement guidelines promulgated 
by the animal care and use committee at 
each institution. 

Laboratory transmission of hantaviruses 
to humans has resulted from exposure to 
rodent excreta, tissues (including cell lines), 
and suspended virus particles in the air at 
facilities where infected rodents were 
housed (Childs et al., 1995). Potential res- 
ervoir species (e.g., R. norvegicus, S. his- 

pidus, and Peromyscus) should be quaran- 
tined and tested for hantavirus infection pri- 
or to housing them in an existing animal 
facility. Quarantine housing should be 

physically separated from other animal 

quarters with no air exchange with areas 
where humans work or other animals are 
housed. Individuals caring for the quaran- 
tined rodents should wear barrier clothing 
and respirators as previously specified. 

Samples of whole blood should be taken 
from each rodent upon the initiation of 

quarantine and again after 30 days. If all 

samples are negative for antibody to han- 
taviruses, the animals can be housed in 
standard facilities, but in a separate room 
from standard laboratory strains of rodents 
to avoid transmission of other pathogens 
from the wild rodents. If any animals are 

seropositive, the entire quarantined colony 
should be euthanized and properly dis- 

posed. This precaution is necessary because 
some percentage of antibody-negative ani- 
mals may carry virus (Childs et al., 1994). 

Once the colony is established, periodic 
testing for hantaviruses (e.g., SNV and 
Seoul virus) should be done in compliance 
with institutional recommendations for cer- 
tifying that laboratory colonies are free 
from zoonotic disease. This testing is im- 
portant because interaction between feral 



August 1995 MILLS ET AL.-SPECIAL FEATURE: ZOONOSES 721 

and laboratory animals may introduce ro- 
dent-borne viruses capable of causing hu- 
man disease into established colonies (e.g., 
lymphocytic choriomeningitis virus, Aren- 
aviridae-Dykewicz, et al., 1992; Skinner 
et al., 1977). 

Laboratory precautions.-Work with 
samples taken from potentially infected 
Peromyscus or S. hispidus should be con- 
ducted using biosafety-level-3 (BSL-3) 
practices (including controlled access, de- 
contamination of wastes and laboratory 
clothing, "sharps" precautions, and base- 
line serum taken from technicians), al- 

though a BSL-2-containment facility (class 
I or II biosafety cabinets and autoclave 
available, use of laboratory coats, gloves, 
and face protection) can be used (Centers 
for Disease Control and Prevention, 1994). 
Work involving live, infected hosts or ex- 
perimentally inoculated permissive hosts 
should be conducted at animal biosafety- 
level-4 (ABSL-4; specially designed areas 
in which all personnel are required to wear 
positive-pressure suits ventilated with a life 
support system). See Centers for Disease 
Control and Prevention and National Insti- 
tutes of Health (1993) for a complete ex- 
planation of biosafety levels and require- 
ments. 

EXISTING MUSEUM COLLECTIONS 

Collections of research and teaching ma- 
terials that contain samples of murid ro- 
dents generally are in the form of frozen 
tissues, museum study skins, osteological 
materials, or specimens preserved in for- 
malin or alcohol. Traditional voucher spec- 
imens that have been preserved as dried 
skins plus osteological material or as fluid- 
preserved specimens for months or years do 
not pose a threat to humans from these vi- 
ruses. Those specimens known to have been 
positive for a hantavirus, however, should 
be labeled as such directly on the tag or in 
the computer record associated with the 
specimen. 

Tissue samples or entire specimens pre- 
served under cryogenic conditions may har- 

bor live virus. In some situations, frozen 
whole carcasses may be used for hantavirus 
detection. When thawing and handling 
these materials, workers should use the pre- 
cautions outlined under the Field Methods 
or Laboratory Precautions sections. Tissues 
known to have been taken from infected ro- 
dents should be labeled accordingly and no- 
tations entered into the appropriate data- 
base. 

CONCLUSIONS 

The outbreak of HPS in the United States 
during 1993 and the realization that the nat- 
ural reservoir of SNV is one or several spe- 
cies of Peromyscus have had a profound 
impact on the science of mammalogy. Ini- 
tial responses to these findings ranged from 
a lack of concern by some to cessation of 
all work with rodents by others. We believe 
a more balanced response is in order and 
that mammalogists should continue to con- 
duct research and teaching activities with 
the addition of appropriate safety precau- 
tions as outlined. Continuing studies of 
hantaviruses and their host populations will 
provide additional data that will allow the 
improvement of current recommendations. 

Risk of infection with hantaviruses ap- 
pears to be relatively low among mammal- 
ogists, based on the low number of individ- 
uals who are seropositive (L. Armstrong et 
al., in litt.). Nevertheless, among the first 
102 recognized cases of HPS in the United 
States, three were field biologists with a 
history of exposure to rodents (L. Arm- 
strong et al., in litt.). Given the severity of 
HPS and the personal and institutional lia- 
bility associated with potential infection of 
students or staff, all necessary precautions 
must be taken. 

Students in field classes should refrain 
from handling mice in the genera Peromys- 
cus and Sigmodon unless safety precautions 
described herein are followed. Students 
should avoid areas where these species are 
housed or studied, unless colonies are 
known to be hantavirus-free. When retriev- 
ing traps in the field, heavy leather or 
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rubber gloves should be worn, and traps 
containing animals should be double 
bagged in plastic and returned to camp as 
previously described. Identification of spe- 
cies captured should be determined by a 
qualified mammalogist capable of species- 
level identifications and wearing adequate 
protective equipment as previously de- 
scribed. Again, traps that have contained 
animals should be decontaminated prior to 
being boxed or returned to the field. 

Conducting fieldwork and handling wild 
animals always have involved a certain lev- 
el of risk. Danger can be minimized by ad- 
equate training and knowledge of risks in- 
volved in each situation. Proper instruction 
for prevention of hantavirus infection is 
now part of mammalogical training as is 
avoidance of other zoonotic diseases, such 
as rabies, plague, and Lyme disease. It also 
should become part of our educational pro- 
gram for students in field biology. 

The realization that a genus of viruses 
that contains at least some species that can 
be fatal when infecting humans and that ap- 
parently has evolved in close association 
with the family Muridae has been discon- 

certing to many. We believe this association 
also offers interesting possibilities and 

highlights another example of our limited 
understanding of biological diversity, even 
in relatively well-studied regions. It also re- 
inforces the immense and largely untapped 
research potential represented by our mu- 
seum collections of mammals. 
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