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Summary

The Smith strain of mouse cytomegalovirus (MCMV) was infectious for
infant and mature DA strain laboratory rats as judged by development of
neutralizing antibodies and specific spleen cell proliferation on stimulation
with MCMV antigen. An i. p. inoculum of 108 PFU of MCMV was fatal for
more than two-thirds of infant mice (1-7 days of age), and disseminated
viral infection was documented by isolation of virus from body organs. In
contrast, weanling and adult rats did not become ill as a result of infection
with a larger inoculum of 107 PFU. However, these older MCMYV infected
rats did show transient reversals of T helper/suppressor cell ratios and
alterations of immune cell function as detected by 4n vitro spleen cell prolif-
eration assays. Seven days after MCMYV infection, there was a generalized
increase in 3H-thymidine incorporation by spleen cells in both resting
(unstimulated) cultures and cultures exposed to mitogens (Con A, PHA,
LPS) and to MCMV antigen. At 14 days, the spleen cell proliferation in the
unstimulated cultures returned to normal but was depressed compared to
controls in response to Con A. These observations show that laboratory rats
are susceptible to MCMYV infection and that assymptomatic infection may
oceur and cause transient alterations in lymphocyte subsets and in their
reactivity to mitogens.

Introduction

Although natural cytomegalovirus infections have been described in
many species of laboratory and domestic animals, it is generally believed
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that these viruses are quite species specific in terms of their infectivity and
pathogenicity (Rapp, 1983). Recently, PriscorT and TyYrRreELL (1982)
reported that the mouse cytomegalovirus (MCMYV) was infectious by the
intracranial route for newborn Sprague-Dawley rats. Because acute MCMV
infections of mice have been associated with transient alterations in immune
functions (HamILTon, 1983), we assessed the infectivity and pathogenicity
of MCMYV for several strains of newborn and mature laboratory rats. In the
following report, we describe a transient effect of MCMV infections onratT
lymphocyte helper/suppressor cell ratios and on spleen cell proliferation
following stimulation with mitogens and MCMV antigen.

Materials and Methods

Virus

The Smith strain of MCMV was obtained from Kelsey, who has maintained its patho-
genicity by serial passage in Swiss-Webster mice (KrLsEY ef al., 1977). The virus pool
was prepared by inoculating three week old Swiss-Webster mice intraperitoneally (i. p.)
with 10¢ PFU of salivary gland pool of virus and harvesting salivary glands from survivors
14 days after inoculation. Salivary glands were minced and disrupted by homogenization
and a 10 percent suspension was made in Eagle’s minimum essential medium (MEM) with
10 perecent heat inactivated fetal bovine serum (GIBCO). The suspension was then clarified
by centrifugation (1200rpm, 15 minutes) and stored at —80°C. This pool contained
8.5 X 108 PFU/ml infectious virus by plaque assay on mouse embryo fibroblast cell
cultures. The final inoculum was found to be free of contamination with mycoplasmas by
culture and fluorescent antibody staining. All experimentally infected animals received 0.1
or 0.2 ml of a 10-! dilution of virus in MEM by i. p. injection.

Rats

DA, Wistar-Firth (WF) and August 2880 n {Aug) strain rats were obtained from our
own breeding colonies. Periodic testing of these colonies for antibodies (Microbiological
Associates, Bethesda, MD) indicated that they were free of infections with the following
spectific pathogens: rat parvoviruses H 1 and Kilham, sialodacryoadenitis virus, Reo Virus
3, rat corona virus, GDV-II, Sendai, LLCM virus and mouse adenovirus. Some animals had
antibodies to pneumonia virus of mice.

Virus Isolation

Organs and tissues from rats sacrificed by CO, were homogenized, freeze thawed once,
and diluted 1:5 in MEM before inoculation onto monolayers of mouse embryo fibroblasts
(MEF). Cell cultures were maintained at 37° C in MEM with 10 percent fetal bovine serum,
penicillin 100 units/ml and streptomycin 25 pg/ml. Negative cell cultures were blind
passed if tissue toxicity was apparent or after 14 days if negative. MCMV was identified by
the appearance of typical cytopathology. In some instances, spleen tissue slices were
maintained in explant culture before passage to MEFs according to the method of JOR-

DAN and MAR (1982).
Neutralizing Antibody

The guinea pig complement assisted virus neutralizing antibody assay as described by
StaprEr and EHRENSBERGER (1980) was used.
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Peripheral Blood T Lymphocyte Surface Antigen Analysis

Peripheral blood was obtained by retro-orbital bleeding and diluted with two parts
PBS before layering over Ficol-Hypaque solution (8. G.1.077). After centrifugation, the
mononuclear cell-rich fraction was washed and resuspended in PBS containing 2 percent
FBS and 0.1 percent sodium azide to give a final concentration of 107 cells/ml. This suspen-
sion contained 95 percent lymphocytes and <5 percent monocytes and neutrophils.

Mouse monoclonal antibodies to rat T lymphocyte surface antigens OX 8, which iden-
tifies suppressor cells, and W 3/25, which identifies helper cells (BRIDEAU ef al, 1980)
were obtained from Accurate Chemical (Westbury, N.Y.). Both monoclonals were diluted
1/20 in PBS and reacted with equal volumes of cell suspensions for 30 minutes at 0° C. The
cells were washed and then reacted with an equal volume of 1/20 dilution of fluorescein
conjugated F(ab), fragment goat anti-mouse IgG (Cooper Biomedical) for 30 min at 0°C,
the cells were washed and resuspended to a concentration of 10% cells/ml in 1 percent para-
formaldehyde. The labeled cell suspensions were stored at 4° C for no more than 48 hours
until counted in a fluorescence activated cell sorter (Becton-Dickenson FACS III). The
results were calculated from a minimum of 10,000 cells counted for each monoclonal
antibody.

Proliferative Response of Spleen Cells to Mitogens and MCMV Antigens

Spleen cell suspensions were treated with Tris-ammonium chloride buffer to lyse ery-
throcytes and then washed three times with RPMI-1640. Cells were cultured in 96 well flat
bottomed microtiter plates and 2.2 X 10° cells were added to each well in RPMI-1640 sup-
plemented with L-glutamine (2 my), 10 mm Hepes buffer, 50 u/ml penicillin, 0,05 mg/ml
streptomycin, 2 X 10~2mm (-mercaptoethanol and 10 percent fresh rat serum (from same
rat strain and matched according to sex).

E. Coli lipopolysaccharide (LPS, Sigma) was added at a concentration of 12.5 pg/ml,
phytohemagglutinin (PHA, Wellcome Ltd.) was added at a concentration of 4 ng/ml and
concanavalin A (Con A, Sigma) was added at a concentration of 2.5 ug/ml to spleen cell
cultures and plates were incubated for 72 hours at 37° C. Antigen stimulation was with the
inoculum strain of MCMV (107" PFU/ml) passaged once in DA rat embryo fibroblasts
(REF), and heat inactivated at 56° C/60 minutes. Similarly treated REF’s served as con-
trols. The incubation period for the antigen and LPS stimulations was 5 days. *H-thymid-
ine obtained from New England Nuclear was added to each well (1 uCi) 24 hours before
termination of the culture. Cells were harvested on filter discs with a Beckman 12 channel
harvester and #H-thymidine uptake was measured in a Beckman liquid scintillation coun-
ter.

Each sample was tested in triplicate or quadruplicate and replicates were screened for
aberrant values using the Outlier test (GRUBBS, 1975) before calculating mean c¢pm up-
take for each test. Approximately 10 percent of determinations were discarded by this
method. Statistical analysis for differences was done by the Student’s t-test with two
degrees of freedom.

Results

MCMYV was infectious and lethal for more than 65 percent of one to seven
day old DA and WF strain rats inoculated i. p. with 5 x 107 to 8 x10® PFU of
virus (Table 1). This mortality was greater than the 33 percent mortality
seen in four day old rats after injection of normal mouse salivary gland and
greater than the 26 percent two-week mortality of newborn DA rats followed
at the same time in our breeding colony. lllness was first notable by four
days and mortality was seldom detected after 14 days. Virus was isolated
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Table 1. Outcome of MCMYV infection of rats

Virus Antibody
Rat. Inoculum Isclated/  Response
Age Strain (PFU) i.p. Number  Mortality No Cult >4 X)
1—3 days DA 8 X 108 13 70% 5/1 3/3
3 days DA 3X108 18 100% 1/1 N.D.
4 days WF 5X 108 7 85% 2/2 N.D.
6 days DA 5% 108 7 85% 2/2 N.D.
7 days DA 5x 105 3 66% N.D. N.D.
9 days DA 5% 10% 6 0 N.D. 5/6
6 wk DA 3.5 X 10°% 12 16% 2/4 N.D.
8 wk DA 2 X 107 20 0 1/20 20/20
8 mo DA 3.6 X107 4 0 0/4 4/4
WF 3.6 X 107 4 0 0/4 4/4
Aug 3.6 X 107 4 0 0/4 4/4
Controls
8 mo WF Heat inact. 2 0 N.D. 0/2
virus
4 days DA Mouse saliv. 156 33% N.D. N.D.
gland
Newborn- DA Breeding colony 165 26% N.D. N.D.
14 days

from internal organs of 10 of 12 rats that appeared moribund or died three to
14 days after virus inoculation. Kidneys and lungs were most often positive
(>75 percent), while virus was grown from 37 percent of spleens and only 17
percent of livers.

Mortality was only 16 percent in six week old animals inoculated with
MCMYV and none of the rats died that were inoculated at 8 or more weeks of
age even though they received higher titers of 2 to 3.6 x107 PFU of virus.
None of these animals appeared clinically ill, however, total body weights in
the MCMYV infected animals were transiently lower than those in control
rats. Virus was isolated from spleen and lung tissues of 2 of 4 six-week-old
rats cultured 7 to 14 days after inoculation and from the lung and spleen
tissues of 1/20 8-week-old rats cultured four weeks after inoculation. Virus
could not be detected by culture in salivary gland or other body organs of
older animals when cultured 28 days after inoculation.

MCMYV at an inoculum of 10° or greater was infectious for all older ani-
mals as judged by the appearance at two to eight weeks after inoculation of
serum neutralizing antibody at titers of 1/32-—1/256. Control animals receiv-
ing heat inactivated (56°C, 1 hour) MCMYV inoculum (3.6 x107 PFU virus
antigen equivalence) did not develop detectable MCMV neutralizing
antibodies. Infectivity of MCMV for weanling and adult rats was also indi-
cated by the appearance of high levels of spleen cell proliferation in response
to stimulation with MCMV antigens (Fig.2).
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Fig. 1. Uptake of *H-thymidine by spleen cells from 40 MCMV infected rats expressed as
percent of uptake by 27 control (non-infected) animals. Data are compiled from six sep-

arate experiments. Incubation period was three days for background spleen cell cultures
and in the presence of the mitogens PHA and Con A

The proliferative responses of spleen cells to mitogens and MCMYV anti-
gen in MCMV infected as compared to control animals are presented in
Table 2 and Fig.1 and 2. These figures represent a compilation of findings
from six separate experiments which utilized a total of 40 MCMYV infected
and 27 control rats.

Seven days after MCMV infection, a consistently greater proliferation of
spleen cells from MCMYV infected rats as compared to control animals was
seen with all mitogens and also in unstimulated background cultures (Table
2 and Fig. 1 and 2). These differences ranged from 134 percent to 168 percent
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Fig. 2 Uptake of 3H-thymidine by spleen cells from 40 MCMYV infected rats expressed as

percent of uptake by 27 control (non-infected) animals. Data are compiled from six sep-

arate experiments. Incubation period was five days for background spleen cell cultures and
in the presence of LPS, REF cell controls and MCMV antigen
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Table 2. Incorporation of 3H Thymidine by spleen cells following stimulation with indicated mitogen or
antigen

Mean counts per minute X 8.E.

Back- Back- REF

ground ground cell

(3 days) PHA CON A (5 day) LPS MCMV control
Exp.no. 11
7 days, MCMV 1,665 169,993* 209,957* 2,115% - 7,766% 4,118*
{(N=6) + 184 + 6,450 +13,839 +226 - +2,788 327
Normal 1,127 82,731 162,429 1,373 - 959 1,640
(N=7) + 184 +5,467 +9,147 +220 - 207 +352
Exp.no. 1V
14 days, MCMV 1,321 136,013 198,448* 1,589 1,547 8,256 1,718
(N=4) + 189 15,332 +15,031 +297 78 3,261 +93
Normal 1,104 139,475 343,395 2,120 2,198 1,496 1,390
(N=4) + 180 +14,119 +50,423 663 3350 +97 +203
Exp.no. VI
42 day, MCMV 1,027 118,010 242,125 1,609 1,423 3,096% 1,574
(N=4) +117 +21,845 +18,611 +234 290 +897 +247
Normal 1,076 118,320 173,023 1,131 901 1,067 1,093
(N-4) +259 +8,609 +26,783 +56 +160 *172 +197

* MCMYV infected rats vs normal rats p < 0.05 by t test

of control values, and were highest for Con A. When spleen cell proliferation
response to mitogens was assessed 14, 28 and 42 days after MCMYV infec-
tion, the acute (7 day) stimulating effect of MCMV was gone. There was a
transient inhibition (80 percent of control, p<0.05) of spleen cell responsi-
veness to Con A at 14 days following MCMYV infection. The greatest differ-
ence between MCMYV infected and control animals was seen in response to
MCMYV antigen (Fig. 2). This difference was greatest at 7 days (5697 percent
of control), and although it had declined to 300 percent at 42 days, the differ-
ence was still statistically significant (p<0.05) (Table 2).

The possibility that mouse salivary gland tissue rather than MCMV
might be responsible for the observed changes was examined in a separate
experiment. Seven days after injection of normal mouse salivary gland tis-
sue, there was a moderate (150 percent) but not statistically significant in-
crease in the five day background proliferation response as compared to
controls, while responses of spleen cells to Con A and PHA were 1 percent
and 15 percent less than control values.

MCMYV infection of DA strain rats was associated with a reversal of
lymphocyte T helper/suppressor cell ratios (Table 3). Prior to inoculation,
Th/Ts ratios were in the range of 1.7 for both groups. In the MCMV infected
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Table 3. Rat peripheral blood lymphocyte subsets following infection with MCMV

Percent cells (+ 8D) reacting with

Mononuclear
Cells/ml monoclonal antibody
X 108+ 8D W3/25 0X8 W3/25/0X8
Day 0
MCMV (N=5) 7.1t1.6 56.2+1.8 328+2.7 1.724+0.16
Control** (N=2) 53+25 55.5+0.7 33.0+28 1.70+£0.14
Day 7
MCMV {N=5) 11.6+2.2* 52.6 +5.4% 63.2 £4.3% 0.81+£0.13*
Control (N=2) 43+1.3 66 +0 54 £1.4 1.2 £0
Day 14
MCMV (N=5) 114+14 35.84+7.0 41.8£3.0 0.884+0.2
Control (N=2) 84+3.7 35.5+3.5 35.5£0.7 1.0 £0.14

* Significant difference between MCMV and control, P <0.05 by Students T-test
** Controls were injected with normal mouse salivary gland

rats, ratios fell to .84 and .87 at 7 and 14 days. There was a smaller decline in
the Th/Ts ratio to the level of 1.1-1.2 in the animals receiving normal sali-
vary gland. The greater decline in Th/Ts ratios in the MCMYV infected ani-
mals was significantly different from that of controls at 7 days. MCMYV infec-
tion was associated with increases in total mononuclear cell counts at 7 and
14 days, suggesting that the reversed Th/Ts ratios were due to increases in
total numbers of circulating suppressor cells.

Discussion

Mouse cytomegalovirus (MCMV) was found to be infectious by the 1. P.
route for infants and adults of three strains of laboratory rats as judged by
virus isolation, neutralizing antibody response and development of a high
level of spleen cell reactivity to MCMV antigen. Mortality following MCMV
infection was more than 66 percent in young infant rats, while weanling and
adult rats survived the infection without apparent illness. This decrease in
mortality as animals became weanlings has been described for mice infected
with MCMV (Boss and WHEELOCK, 1975, MANNINT and MEDEARIS, 1961).

Marked specificity of cytomegaloviruses for the host of origin has been a
general characteristic of this group of viruses (Rarp, 1983). Although cyto-
megaloviruses will occasionally grow in cell cultures derived from different
species (Kim and Rarpp, 1971), infectivity and pathogenicity for other spe-
cies is rare. MCMV appears to represent an exception to this rule. BRUGGE-
MAN et al. (1982) reported that MCMV would grow on rat cells and
PriscorT and TyrRrELL (1982) recently reported that the Osborn strain of
MCMYV was infectious for infant Sprague-Dawley rats when given by the
L. C. route, causing 23 percent mortality. The greater mortality seen in our
study was probably related to our use of a larger inoculum of virus (10° vs
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10%), although virus and rat strain differences are probably also important.
Our observations indicate that susceptability of laboratory rats to MCMV in-
fection is not strain specific, and that infection can occur after i. p., as well
as, 1. ¢. inoculation.

Increased uptake of *H-thymidine by spleen cells from rats seven days
after infection with MCMV was seen in background unstimulated cultures
and in cultures stimulated with the mitogens PHA, Con A and LPS. Animals
receiving injections of normal mouse salivary gland also exhibited increased
spleen cell uptake in resting unstimulated cultures, however, no appreciable
differences were seen between spleen cells from salivary gland injected and
control animals in response to stimulation with mitogens or MCMV antigen.
These results indicate that there was a general stimulatory effect of MCMV
infection that was in addition to a lesser effect seen in response to injection
of salivary gland tissue.

A similar immuno-stimulatory effect of MCMYV infection of mice has been
described by others. Boss and WHEELOCK (1975) tested spleen cells collect-
ed four days after non-lethal infection of weanling or adult mice with MCMV
and detected a moderate increase in uptake of *H-thymidine by unstimulat-
ed cultures and a slight depression of response to Con A. A larger increase
(three-fold) in uptake of 3H-thymidine by unstimulated spleen cells collected
5—15 days after MCMYV infection was reported by HowArD el al. (1978).

The early (seven day) stimulatory effect of MCMV infection on rat spleen
cells was generally gone by 14 days, and in one experiment, a depressive ef-
fect was detected in response to stimulation by Con A. These changes were
smaller in magnitude than the depressive effect on the response to Con A
that Boss and WaErLOCK (1975) saw in mice following infection with
MCMV. In an earlier study, HowArD et al. (1974) reported depressed lym-
phocyte proliferation in mixed lymphocyte cultures following MCMV infec-
tion of mice. Cytomegalovirus infections of humans have also been associat-
ed with depression of lymphocyte reactivity to stimulation with the mitogens
Con A and PHA (RINALDO et al., 1980).

The greatest differences between MCMYV infected and control animals
were seen in response of spleen cells to stimulation with MCMV antigen. This
four- to six-fold increase is consistent with a vigorous immune response to
cytomegalovirus infection. Our failure to detect a response to MCMV anti-
gen in control rats injected with mouse salivary gland is further evidence for
the specificity of the spleen cell response to MCMV antigen. The lymphocyte
response to MCMV antigen was greatest seven days after infection, and a
decline in responsiveness to MCMYV antigen was seen after the first week,
most notably at 14 days. The possibility that active CMV infection may
decrease the magnitude of the cell-mediated immune response to CMV
antigens has been reported to occur in children and adults with CMV infec-
tion (REYNOLDS ¢f al, 1979, LEvIN ef al., 1979).
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Rats infected with MCMV consistently exhibited an acute reversal of
lymphocyte T helper/suppressor ratios, the effect being greatest 7 days
after infection. Human cytomegalovirus infections have been associated
with similar reversals of Th/Ts ratios (RINALDO et al., 1983) and SELL et al.
{1985} found reversals of Th/Ts ratios in mice tested 1, 3, 5, and 9 days after
infection with MCMV. The general increase in total mononuclear cells ob-
served following MCMYV infection suggests that the reversal of Th/Ts ratios
in the MCMV-rat model are due primarily to an increase in the Ts
population. The marked reversals seen following CMV infections in humans
have been associated primarily with increases in Ts lymphocytes and to a
lesser degree with decreases in total Th cells (CARNEY et al., 1981). SELL et
al. (1985) observed that reversed Th/Ts ratios in MCMYV infected mice were
due to decreased Th cell numbers on days 3 and 5 and due to increased Ts
cell numbers on day 9.

It is tempting to try and correlate the observed changes in Th/Ts ratios
with changes in lymphocyte reactivity to mitogens and antigens as has been
done in the human CMV system (CARNEY ef al., 1981). The early (7 day) in-
crease in reactivity of spleen cells following MCMYV infection does not seem
consistent with an increase in Ts lymphocytes. This discrepancy could be re-
lated to the presence of circulating immunostimulating lymphokines shortly
after infection and to a relatively delayed appearance of functional Ts cells.
Our monoclonal antibodies to the Ts cell subset measure surface antigen
markers only and not functional activity. The suppression of responsiveness
of spleen cells to Con A at 14 days correlates with an increase in functional Ts
cell activity at that time and is consistent with the observations of CARNEY
et al. (1981) in humans.

Rats injected with normal rat salivary gland tissue had changes in lym-
phocyte Th/Ts ratios that were similar in direction, but lesser in magnitude,
to the changes we observed following MCMV infection. Similar changes
thought to be related to the non-specific effects of bleeding or stress were
described by Ross et al. (1984).

Our observations indicate that several strains of laboratory rats are
susceptible to MCMV infection and that infection is associated with changes
in lymphocyte T helper/suppressor cell ratios and in spleen cell reactivity to
mitogens. Investigators studying immune functions in laboratory rats
should be aware that their results can be altered by subclinical laboratory
acquired MCMYV infection. Experimental MCMYV infections in laboratory
mice have been very useful in exploring the effect of viral infections on
immune functions (Hamirron, 1983), and our observations suggest that
MCMYV infection of the laboratory rat may also be a useful model for similar
studies.

Acknowledgments

This work was supported by the Veterans Administration.



322

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

C.B.Smrrh, L.S. WzI, and MARIE GRIFFITHS:

References

. Boss., J., WHEELOCK, E. F.: Correlation of survival from murine cytomegalovirus

infection with spleen cell responsiveness to concanavalin A. Proc. Soc. Exp. Med. 149,
443--446 (1975).

. Bripeavu, R. J., CarteER, P. B.,, McMAsTER, W. R., Mason, D. W, WiLriawms, A. F.:

Two subsets of rat T lymphoeytes defined with monoclonal antibodies. Europ. J.
Immunol. 10, 609615 (1980).

. BRuseeMmaAN, C. A., ME1JER, H., Dormans, P. H. J., DEsig, W. M. H., GrouLs, G. E.

L. M., Vanx Boven, C. P. A.: Isolation of a eytomegalovirus-like agent from wild rats.
Arch. Virol. 78, 231241 (1982).

. Carxpy, W. P, Runin, R. H., Horrmaw, R. A., Hansen, W. P., Hearey, K,

HrirscH, M. S.: Analysis of T lymphocyte subsets in cytomegalovirus mononucleosis.
J. Immunol. 126, 2114—2116 (1981).

. Gruszes, F. E.: Sample criterion for testing outlying observations. Am. Mathematical

Statistics 21, 27-58 (1975).

. Hamrrow, J. D.: Cytomegalovirus and immunity. In: Monographs in Virology, 84.

Vol. 12. p. 84. New York: S. Karger 1983.

. Howarp, R. J., MarTtisoN, D. M., SEiperL, M. V., BaLrour, H. H.: Cell-mediated

immunity to murine cytomegalovirus. J. Infect. Dis. 138, 597—604 (1978).

. Howagp, R. J., MiLLER, J., NasariaN, J. 8.: Cytomegalovirus-induced immune sup-

pression. II. Cell-mediated immunity. Clin. Exp. Immunol. 18, 119—126 (1974).

. JorpnaN, M. C., Mar, V. L.: Spontaneous activation of latent cytomegalovirus from

murine spleen explants. J. Clin. Invest. 70, 762768 (1972).

Kewsey, D. K., OrseN, G. A., OveraLL, J. C., GLascow, L. A.: Alteration of host
defense mechanisms by murine cytomegalovirus infection. Infect. Immun. 18, 754~
760 (1977).

K, K. 8., Carp, R. 1.: Growth of murine cytomegalovirus in various cell lines. J.
Virol. 7, 720-725 (1971).

Levin, M. J., Rivarpo, JR., C. R., LEARY, P. L., Za1a, T. A., Hirscnu, M. S.: Immune
response to herpes-virus antigens in adults with acute cytomegaloviral mononucleosis.
J. Infect. Dis. 140, 851—857 (1979).

Mawnwini, A., MEDEARTS, D. N.: Mouse salivary gland virus infections. Am. J. Hygiene
738, 329343 (1961).

Priscort, P. K., TyRRELL, A. J.: The isolation and partial characterization of a cyto-
megalovirus from the brown rat (rattus norvegicus). Arch. Virol. 73, 145—160 (1982).
Rapp, F.: The biology of cytomegaloviruses. In: Rorzman, B. (ed.), The Herpes-
viruses, vol. 2, 1—66. New York: Plenum Press 1983.

Revynorps, D. W, Draxn, P. H., Pass, R. F., Avrorp, C. A.: Specific cell-mediated
immunity in children with congenital and neonatal cytomegalovirus infection and
their mothers. J. Infect. Dis. 140, 493—-499 (1979).

Rivarpo, Jr., C. R., Carney, W. P,, RicuaTeRr, B. S,, BLack, P. H., Hirscu, M. S.:
Mechanisms of immunosuppression in cytomegalovirus mononucleosis. J. Infect. Dis.
141, 488 (1980).

Rinarpo, C. R., HO, M., Hamoupri, W. H., X1-Ex, G., DE Bais1o, R. L.: Lymphocyte
subsets and natural killer cell responses during cytomegalovirus mononucleasis. Infec.
Immun. 40, 472—477 (1983).

Ross, D. 8., StEELE, G., Roprick, M. L., Mizrorp, E., BLEpay, R. 8., Lausy, 8. J,,
Deasy, J. M., RavynERr, A. A, WiLsoxN, R.: The effect of 1,2-dimethylhydrazine (DMH)
carcinogenesis on peripheral T cell subsets in the Withstar Firth rat. J. Surg. Oncol.
26, 238—244 (1984).



Mouse Cytomegalovirus Is Infectious for Rats 323

20. Serz, M. 8., BaLg, J. F., GiLLER, R. H.: T-lymphocyte subpopulations and function
during murine cytomegalovirus infection. Pediat. Res. 19, 583—587 (1985).

21. STADLER, H., EHRENSBERGER, A.: Microneutralization of cytomegalovirus. J. Infect.
Dis. 142, 102~105 (1980).

Author’s address: Dr. C. B. SmiTH, VA Medical Center and Department of Medicine,
University of Utah, School of Medicine, Salt Lake City, UT 84148, U.S.A.

Received June 28, 1985



