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Summary 

A variety of biological response modifiers (BRMs) have provided antiviral 
protection to immunocompetent mice, and this prompted us to determine their 
efficacy against murine cytomegalovirus (MCMV) infection in immunocom- 
promised mice-including the profoundly immunocompromised SCID mice and 
C57B1/6 and B6D2F1 aged mice. SCID mice showed a marked decrease (>20- 
fold) in resistance to MCMV, while there was a slight decrease (3-fold) in aged 
mice. In BRM antiviral protection studies, SCID mice were almost completely 
protected against MCMV infection by the pleiotropic immunomodulators, 
MVE-2 and pICLC, but much less by the more selective CSF-1. pICLC- 
induced IFN and NK cell cytotoxicity were maintained in SCID mice, 
suggesting that pleiotropic immunomodulatory effects may be required for 
antiviral protection in such a profoundly immunocompromised model, pICLC 
also effectively protected aged mice against lethal MCMV infection and 
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effectively induced IFN. These results emphasize the potential for BRM 
treatment in immunocompromised hosts. 

SCID mice; Aged mice; MCMV; Biological Response Modifiers plCLC; MVE-2; 
CSF-I 

Introduction 

Infection of mice with the herpesvirus murine cytomegalovirus (MCMV), 
like the human CMV infection for which it is a model, is exacerbated during 
immunosuppression in a variety of situations, including severe combined 
immunodeficiency disease (SCID)'(Selgrade et al., 1982; Bukowski et al., 1984; 
Welsh et al., 1991). The usefulness of SCID mice as an immunocompromised 
viral infection model for the evaluation of viral immunotherapy has not been 
fully exploited, and few other immunocompromised models have been used in 
antiviral studies (Okada and Minashima, 1987; DeCastro et al., 1991; Morrey 
et al., 1992 Smee et al., 1992; Morahan and Pinto, 1992). 

Mice with the SCID mutation lack functional B and T lymphocytes (Bosma 
et al., 1983). This mutation allows the study of the remaining components of 
host resistance without the influence of B or T cells. Thus, one can investigate 
whether enhancement of any remaining components of host resistance such as 
natural killer (NK) cells, macrophages (MO), or interferon (IFN) can 
compensate for the deficiency and protect mice against MCMV infection. 
For example, it has been reported that NK cells are present (Dorshkind et al., 
1985) and are activated during the acute stages of MCMV infection in SCID 
mice (Welsh et al., 1991), although this natural enhancement of NK cell activity 
is insufficient to clear the MCMV infection and mortality results. Depletion of 
NK cells in SCID mice produces earlier mortality (Welsh et al., 1991), 
supporting the concept of  a role for NK cells in the early clearance of MCMV. 
It is possible that enhancement of NK cells with biological response modifiers 
(BRMs) might protect the mice. The paired induction of IFN and subsequent 
NK cell activity as found with pyrimidinones (Brideau and Walcott, 1985) may 
be useful in MCMV infection in SCID mice. 

Aging represents another source of immunosuppression (Rytel, 1987; 
Murasko and Goonewardene, 1990). It has been well established that the 
elderly are immunocompromised in various T and B cell functions, but the 
implications for management of infections are not completely understood 
(Sigel, 1952; Louria et al., 1982). Successful treatment with anti-infectives in 
immunocompromised individuals such as those with SCID, aging and AIDS is 
clearly more difficult to achieve than in immunocompetent individuals; it has 
not yet been investigated how effectively immunotherapy can augment 
immunity and increase antimicrobial efficacy. 

Sufficient enhancement of the nonspecific mediators of the early resistance 
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(NK cells, MO IFN) therefore has potential to provide antiviral protection in 
immunosuppression due to reduced or absent T and B cell function. It has been 
well established that enhancement of these mediators by BRMs can provide 
antiviral protection in immunocompetent mice (Pinto et al., 1988). MVE-2, or 
pyran copolymer (Carrano et al., 1984), and polyriboinosinic-polycytidylic acid 
stabilized with L-lysine and carboxymethylcellulose (pICLC) (Levy et al., 1975; 
Kern et al., 1977) are pleiotropic agents which enhance MO and NK cell 
activity, induce IFN, and induce excellent antiviral protection against HSV-2, 
MCMV and numerous other viruses in immunocompetent mice (Pinto et al., 
1988; Kunder et al., 1992a). Macrophage colony stimulating factor (M-CSF or 
CSF-1), a selective MO enhancing agent and maturation factor, has also 
demonstrated antiviral activity against MCMV infection in immunocompetent 
mice (Chong and Piazza, 1989). This efficacy of BRMs in immunocompetent 
mice prompted us to evaluate the ability of these drugs to protect 
immunosuppressed SCID and aged mice against MCMV infection. Protection 
was provided in SCID mice by the drugs with multiple immunomodulatory 
activities, MVE-2 and pICLC, but not by the more selective CSF-1. Aged mice 
were protected by pICLC against MCMV infection as well. These results 
suggest that BRM-mediated protection in severely immunosuppressed 
individuals against infection with MCMV might be achieved by vigorous 
enhancement of multiple mediators of host resistance. 

Materials and Methods 

M ice 
Balb/c and SCID 4-6 week old male mice from Balb/c CB17 backgrounds 

(Taconic, Germantown, NY), and 8-10 week old SCID male and female mice 
from the colonies of Dr. Sandra Harris and Dr. Mark Stearn (Medical College 
of Pennsylvania) were used. SCID mice were periodically examined for T cell 
leakage and found to be profoundly immunodeficient. Barrier raised, specific 
pathogen-free 6-7 week old CD-l female mice (Charles River, Montreal, CN or 
Portage, MI) were used for some experiments. For aging studies, aged and 
young C57B1/6 and B6D2F1 mice (males, 20-23 months and 6 weeks old) were 
obtained through the National Institute of Aging (Charles River, Stone Ridge, 
NY). Mice were maintained in microisolator cages in a barrier facility with 
100% High Efficiency Particulate Filtered Air and were fed sterilized food and 
water ad libitum. All manipulations and procedures were carried out in laminar 
flow hoods within the barrier facility (ALAAC accredited) to decrease risk of 
inapparent infections that could influence results (Dempsey et al., 1986). 
Animals were maintained in accordance with guidelines established by the US 
Department of Health and Human Services (1985). 

Immunomodulators  
The following agents were injected i.p. for the immunomodulator-mediated 
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resistance studies. MVE-2 (lot XA471-19-4) was obtained from Hercules Co., 
Wilmington, DE, stored as a powder at room temperature and prepared as 
required in saline at pH 7 to provide an injection concentration of 50 mg/kg 
(Carrano et al., 1984). The stock solution o fp ICLC (lot UI 84-101, gift of Dr. 
H. Levy, NCI, Frederick, MD) was stored at 4C and prepared in saline to 
provide an injection concentration of 1 mg/kg (Levy et al., 1975). Highly 
purified recombinant human macrophage colony-stimulating factor (CSF-], 
lot DP-408) (Ladner et al., 1987; Hallenbeck et al., 1989) was provided 
courtesy of Dr. Lea Aukerman, Cetus Co., Emer6yville, CA, and prepared in 
physiologic saline to provide 3.6 mg/kg (2 x 10 U/mouse). Aliquots were 
stored at -70C.  The antiviral protection of CSF-1 against MCMV infection 
was determined in immunocompetent CD-1 mice and a dose of 2 x 106 U/  
mouse was found to protect mice completely (data not shown). 

Virus preparation and titration 
The Smith strain of MCMV (ATCC VR-194) was passaged by i.p. infection 

(104.5 PFU/mouse) in 4-6 week old female CD-1 mice. Salivary glands were 
harvested 17-19 days after infection, homogenates (10% w/v) were prepared in 
gelatin lactalbumin broth media, and aliquots were frozen at -70C.  The virus 
was titrated for plaque forming units (PFU) on monolayers of 3T3 mouse 
embryo fibroblasts (ATCC CCL163) in 35 mm diameter wells. Plaques were 
counted after 5 days of incubation and the titers expressed as PFU/ml. 

NK cell cytotoxicity assay 
Spleens were removed from mice, weighed and homogenized into single-cell 

suspensions. Debris was removed by a series of three washes and centrifuga- 
tions. All manipulations were carried out at 4 °. Cytotoxicity was measured in a 
4 h [51Cr] release assay using 104 SlCr-labeled YAC-1 target cells and from 
5 x 105 to 2 x l06 (effector:target cell ratios from 100:1 to 25:1) spleen cells per 
well as previously described (Kunder et al., 1993a). 

Interferon assay 
Mouse serum was assayed for IFN by a modification of the microplate 

method of Havell and Vilcek (1972). Briefly, mice were anesthetized with ether 
vapor and bled through the retroorbital sinus. Serum was collected by 
centrifugation and samples stored at - 2 0  ° for assay. Serum samples were 
assayed for IFN by protection against the cytopathic effect of mouse 
encephalomyocarditis virus infection on L-929 cell monolayers, relative to 
protection provided by internal IFN ~//~ standards, as previously described 
(Kunder et al., 1993b). In every assay, an internal IFN-~//~ standard was 
assayed simultaneously, and the titers corrected against the NIH mouse IFN ~/ 
p standard. 

Antiviral protection assays 
All immunomodulators were administered 24 h prior to infection, with the 
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exception of CSF-I, which was injected daily for 4 days prior to infection, with 
the last injection given 4 h prior to infection. Survival was monitored for 21 
days following infection. 

Statistical methods" 
Statistically significant differences (P<0.05) in percent mortality were 

determined by the chi-square test, using the ABStat program (Anderson-Bell 
Corp., Arvada, CO). The median survival time (MST) was calculated, and the 
survival distribution data were analyzed with the Lee-Desu method (Lee and 
Desu, 1972) using the survival Analysis computer program prepared by Dr. 
Edward Gracely, Department of Community and Preventative Medicine, 
Medical College of Pennsylvania. Differences in natural resistance were 
determined by the method of Reed and Meunch (1938). The Student's t-test 
was used to determine significance between groups in cytotoxicity and viral 
plaque assays. 

Results 

BRM protection against M C M V  in the severely immunodeJi'cient SCID mice 
In order to evaluate BRMs in SCID mice, experiments were performed to 

compare the natural resistance to MCMV in immunocompetent and SCID 
mice and determine biologically equivalent challenge doses of MCMV to use 
for the immunocompetent and immunodeficient mice (Table 1). The LD90 100 

dose for SCID mice was about 20-fold less than that in immunocompetent 
mice, showing the decreased resistance due to lack of functional T and B cells. 
Interestingly, despite the reduced resistance the median survival time of SCID 
mice infected with MCMV (MST = 12 days) was consistently greater than that 
of the immunocompetent CD-1 and Balb/c mice (both strains, MST= 6 days) 
at biologically equivalent (LDg0)  MCMV doses. 

TABLE 1 

lmmunodeficient SCID mice are more sensitive to MCMV infection than immunocompetent mice 

Strain MCMV dose a #D/T b % mortality MST (days) ~ 

Balb/c 8 × l0 s 8/8 100 6 
5 × 104 0,,'5 0 >21 

SCID 5 × 1 0  4 7,:7 100 12 
I x [04 67  85 12 
5 × 103 16 16 >21 

~'Mice of each strain were inoculated i.p. with the indicated viral challenge dose and mice observed 
for mortality for 21 days. The results in Balb/c mice were similar to those in the immunocompetent 
outbred CD-1 mice. where a challenge dose of 8 x 105 PFU also caused 100% mortality with a 
MST of 12 days. 
b#D/T number dead/total. 
~MST, median survival time. 



238 

B > 

100 o-e-e-e{~ 
~2~_B&:~:~::~Z~:~:~_~E_~2 ~ M VE- 2 C S F -1 9O p I C L C  

8O 

70~- 

! 5O 

40 

3O 

20 ~o-c-o 
10 CD-1 "o - o - o -o-o-o--o -o-o--o-o S a l i n e  

%-- ; 6- ~; ~'o 

> 
> 
L 

1oar- o- a..-o-e~-u-e-o 

5oi- ~ o  

2 0  \c~o--o-o-o-o--o-o-o-o-o-o-o-o  S a l  i n e  
10 B a l b / c  

lb ~'s 2b 

1 0 0 ~  o - o  - o - e - a - a  - o - o - ~ - I ~ : l l  "-v-v, 

4 ~ I  \ \ l~-v-~-.-v-v-v-v p lCLC 
ou  A c-~-o-u-c-~ M V E - 2 

> 
L 

un 
4C \ "~-A-~.-a,--e.-~ C S F - 1 

\ 
3C o 

20 ! X'o \ 

10 SCID °"o-o-o-o-o-o S a l i n e  
i 

0£ & 10 1 " ~ -  2LO 

D a y s  p o s t  ~nfect~on 

Fig. I. Comparative immunomodulator protection against MCMY infection in immunoconlpetent and 
immunodeficient mice, lmmunocompetent CD-1 and Balb/c mice and immunodeficient SCID mice were 
injected i.p. with plCLC (1 m g k g )  or MVE-2 (50 mg/kg) 24 h prior to MCMV infection or with CSF-1 
(2 x 1() (' U} daily for 4 days prior to infection (which was 4 h after the last injection). CD-1 and Balb/c mice 
were infected i.p. with 8 x 105 PFU MCMV, while SCID mice were infected i.p. with 5 x ] 0  4 PFU MCMV 
to provide comparable mortality. All mice were monitored for 21 days for mortality. These data depict 

three combined experiments. 
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The ability of the BRMs MVE-2, pICLC and CSF-1 to protect SCID mice 
against mortality from lethal MCMV infection was determined and compared 
with antiviral activity in immunocompetent  mice (Fig. 1). Prophylactic 
treatment with plCLC and MVE-2 provided significant protection from 
death to SCID mice as compared with saline-treated controls (81% and 78% 
survival, respectively). The median survival time was also significantly 
increased by treatment with either pICLC and MVE-2 (to >21 days MST) 
as compared with the control group treated with saline (12 days MST). While 
overall CSF-1 treatment provided significant protection in SCID mice as 
compared with the saline control group (survival increased from 10% to 38%, 
P,0.05), there was no significant increase in MST. Moreover, CSF-1 protection 
in SCID mice against MCMV was variable, with significant protection as 
evidenced by both increased survival and MST occurring in only one of three 
experiments. 

The ability of MVE-2 and pICLC to protect SCID mice against MCMV 
infection was also shown by decreased viral titers in treated mice (Table 2). The 
titers of  MCMV were significantly decreased (P<0.05)  in the liver and spleen 
following treatment with either MVE-2 or pICLC. 

Induction of  IFN and NK cell O,totoxiciO, in SCID mice 
To determine whether IFN induction or NK cell activation could be 

involved in the antiviral protection of the BRMs, pICLC was used as a 
prototypic strong IFN inducer and persisting NK cell activator (Levy et al., 
1975). SCID, CD-1, and Balb/c mice were injected with plCLC and serum was 
taken 6 h later at the peak of IFN induction with this drug (Kunder et al., 
1992b). IFN was induced effectively in all mouse strains, indicating that this 
nonspecific host resistance mechanism was operative in the severely 
immunodeficient SCID mice (Table 3). 

NK cell cytotoxicity was assayed in uninfected or MCMV infected mice on 
day + 4 following pICLC treatment, which was day + 3 after MCMV infection 
when NK cell activity has been shown to be increased in immunocompetent 
mice infected with sublethal doses of MCMV (Bukowski et al., 1984). plCLC 
significantly enhanced splenic NK cytotoxicity in both SCID and Balb/c mice, 
whether infected or not with MCMV (Table 4). In fact, pICLC reversed the 

TABLE 2 

Antiviral effect o f  MVE-2 and p lCLC in SCID mice on M C M V  replication 

Mean M C M V  PFU,g r  in 
Groups  Spleen ~ Liver 

Control  2.3 x 105 +_ 1.3 x l0 s 8.3 × [ 0  4 + 1.8 × 10 a 
MVE-2 <1 x 103~ <1 × 103h 
PICLC 1.3 × l04 _+ 3.8 x 103b 3.7 × 10 4 + 1.9 × 103 

aOrgans were harvested from groups of  3 mice on day + 3 following infection, homogenized and 
assayed individually by plaque formation on 3T3 cells. 
bp <0.05 as compared  to respective control  group. 
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TABLE 3 

Similar IFN induction by plCLC in SCID, CD-1, and Balb/c mice, and in young and aged B6D2F1 
mice 

Mouse strain Age (mos.) plCLC IFN titer ~ 

CD-1 1.5 <1, <1 
CD-1 1.5 + >2560, 3840, 4641 
Balb/c 1.5 - <1, < 1, 
Balb/c 1.5 + 3456 
SCID 1.5 - < 1, < 1, 
SCID 1.5 + 1800. 3456 

B6D2FI 2 < 1 
+ 36, 482, 6912, 6912 

22 - < 1 
+ 100, 200, 3456, 3456 

alFN titers were determined in individual mice from serum taken by retroorbital bleeding 6 h after 
i.p. administration of 1 mg/kg plCLC. 

suppression of NK cell cytotoxicity that occurred in Balb/c or SC1D mice 
lethally infected with MCMV. In SCID mice, spleen weights (Table 5) and total 
numbers of nucleated cells (data not shown) were also significantly reduced as 
compared with those of Balb/c control groups. The increased splenic NK cell 
cytotoxicity therefore occurred in both uninfected and infected SCID mice 
despite the reduction in spleen cells. 

TABLE 4 

Similar enhancement by plCLC of NK cell cytotoxicity in SCID and Balb,'c mice 

Treatment ~' % Lysis by splenic cells from 

E:T Balb/c mice SCID mice 

Drug ratio Uninfected MCMV Uninfected MCMV 

Saline 

plCLC 

100:1 16.4 ± 0.7 b 0.9 ± 0.9 6.7 ± 1.4 0.0 
50:1 14.5 + 0.5 0.0 3.0 _+ 1.8 0.0 
25:1 14.0 ± 0.8 0.0 2.0 ± 2.0 0.0 

--) c d 100:1 21.6 ± 0.1 ~ 29.1 k 7.0 c 25.5 +_ 5.5 ~ 53.2 ± . . 3  
50:1 23.6 ± 5.5" 25.5 ± 1.9 c 22.2 ± 4.3 ~ 44.3 ± 1.3 "d 
25:1 19.1 ± 0.1 c 22.7 ± 2.5 ~ 18.5 ± 4.0 ~ 38.4 ± 1.W 'd 

~'Balb/c and SCID mice were injected i.p. with saline or 1 mg/kg plCLC 24 h prior to i.p. infection 
with MCMV. Balb/c mice were infected with 8 x 105 PEU and SCID mice were infected \Gth 5 x 
107 PFU of MCMV; these biologically equivalent doses provide 90 100% mortality in the respective 
hosts. Controls were injected i.p. with virus diluent. Spleens were harvested on day t 3 following 
infection or diluent injection. 
bCytotoxicity of each group of individual mice ( n -  3) +_ S.E. against YAC-I target cells at various 
effector:target (E:T) ratios. 
~Increased (P <0.05) as compared with respective saline control group. 
dlncreased (P <0.05) as compared with corresponding plCLC treated and uninfected group. 
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TABLE 5 

Comparison of spleen weights in Balb/c and SCID mice treated with pICLC and infected with 
MCMV 

Treatment Spleen weight (gm) in ~' 

Balb/c mice SCID mice 

Uninfected MCMV Uninfected MCMV 

Saline 0.15 _+ 0.02 0.21 + 0.01 b 0.05 + 0.00 ~ 0.04 ___ 0.00 ~ 
plCLC 0.21 _+ 0.01 b 0.23 _+ 0.01 b 0.06 + O.0P 0.05 ± 0.01 ~ 

~'Spleens were weighed prior to NK cell cytotoxicity assay. 
bp <0.05, increase as compared to uninfected Balb/c saline control. 
cp <0.05, decrease as compared to uninfected Balb/c saline control. 

Natural and plCLC-induced resistance to MCM V in/&tion in aged mice 
Young (2 months old) and aged (20-22 months old) C57B1/6 and B6D2F1 

mice were infected with MCMV over a range of challenge doses to determine if 
aging decreased natural host resistance to MCMV. In both strains of aged 
mice, MCMV infection resulted in slightly increased mortality as compared 
with that of young mice (Table 6). The LD5o was decreased about 0.5 lOglo for 
the C57B1/6 aged mice and 0.6 logj0 for the B6D2FI aged mice (Reed and 
Meunch, 1938). This was particularly apparent in B6D2F1 mice at the middle 
dose tested (P< 0.053). There was no significant change in MST between young 
and aged mice at any of the viral challenge doses. 

To determine whether BRM enhancement of host resistance in aged mice 
would protect against MCMV infection, B6D2F1 mice were prophylactically 
treated with pICLC at a low dose of pICLC that completely protects young 

TABLE 6 

Effect of age on natural resistance of C57BI/6 and B6D2FI mice against MCMV infection 

Mouse strain ~ Age (mo.) Viral challenge (PFU) Mortality 

#D/T b '~, 

MST (days) 

C57B1/6 2 

23 

B6D2F1 2 

22 

I x 105 0/7 0 >21 
8 x 105 4/7 57 7 
2 x l0 f' 7/7 100 5 
1 z 105 I/7 14 >21 
8 x 10 s 7/7 100 5 
2 × I 0 ~' 7/7 100 5 

5 x t04 0/7 0 >21 
1 x 105 0/7 0 >21 
8 x 105 6/7 86 7 
5 x 104 0/7 0 >21 
1 x 1 0  s 3/7 43 > 2 1  
8 x l0 s 7/7 100 6 

~'C57B1/6 and B6D2F1 mice were infected i.p. with the indicated MCMV 
for mortality for 21 days. 
~'#D/T = number dead/total. M S T -  median survival time. 

challenge and monitored 
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TABLE 7 

p l C L C  protection of  aged B~,D2FI mice against M C M V  infection 

Group  Drug Morlali ty 

#D:T (%0 MST (days) 

2 t o o .  Saline ~' 8'8 100 6 
p lCI .C (I,,8 0 ~ >21 ~ 

22 too. Saline N. S 100 5 
p l ( ' l . (  0 4 ~' 0 < > 2 P  

"Mice were injected i.p. with salinc or I m g k g  p lCLC 24 h bel\~re i.p. infection with 8 x 10 > PFU of  
MCMV.  Mice ~.cl-e monitored l\~r mortality for 21 days. #D/T Number  dead/total .  MST 
median sur\ i\al lhllc. 
bFour agcd micc died x~ithin 24 h after p lCI .C injection. 
cp <0.05 as compared wilh Ihc respective ~aline control group. 

mice. Mortality was significantly redticed in both young and aged mice 
receiving plCLC (Table 7), ahhough some aged mice died due to drug toxicity, 
which may reflect different pharmacokinetics in aged hosts (Wallace et al., 
1993). plCkC-induced serum TFN was assayed 6 h following treatment and 
was induced m mice of both age groups (Table 3). 

Discussion 

Tile efficacy or" prophylactic BRM treatment against MCMV infection in 
immunocompetcnt mice (Kunder et al., 1992a) prompted us to determine 
whether such protection was possible in immunosuppressed mice. Two BRMs 
with pleiotropic activities. MVE-2 and plCLC, effectively protected the 
profoundly immunodeficient  SCID mice againsl MCMV infection as 
demonstrated by increased median survival time, and decreased organ viral 
titers. Prophylactic treatment with the more selective BRM, the M 8  activating 
CSF-1, was consistently less eflective in SCID mice than in immunocompetent 
mice (Fig. 1). Combined prophylactic and therapeutic administration of CSF-1 
might be required in immullodeficient mice, while prophylactic treatment is 
sufficient in immunocompetent mice ( t h o n g  and Piazza, 1989). The one drug 
(plCLC) tested in aged mice also provided protection in these immunosup- 
pressed hosts. These results demonstrate the potential of immunotherapy 
against MCMV infection in the ilnmunosuppressed host. The SCID model of 
prolkmnd natural immunodeficiencv (Smee et al., 1992) compliments models 
involving immunocompetent mice treated with selective depletion methods 
(Smee et al., 1992; Morahan and Pinto. 1992). 

The SC1D mouse, with its lack of functional T and B cell immunity (Bosma 
et al., 1983) also permits a more focused approach for the elucidation of 
nonspecific immune mechanisms in BRM antiviral activity (Morrey et al., 
1992). Because of the effectiveness in SCID mice of plCLC, which is postulated 
to act through induction of 1FN (Levy et al., 1975), we determined whether 
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IFN induction and enhancement of  NK cell cytotoxicity were maintained in the 
p lCLC treated and infected SCID mice or by MCMV infection. Although NK 
cells do not appear to be essential for p lCLC-induced protection in 
immunocompetent mice (Kunder et al., 1993a), their role in immunodeficient 
SCID mice has yet to be determined. Splenic NK cell cytotoxicity of  both Balb/ 
c and SCID mice control groups was virtually eliminated by MCMV infection, 
but was restored by plCLC treatment. The loss of  activity in infected mice may 
be due to the greater viral challenge in our experiments as compared to the dose 
used by Welsh et al. (1991). 

Interferon was also induced by plCLC effectively in both SCID and Balb/c 
mice. IFN was previously found to be effectively induced by a lower MCMV 
challenge in SCID and Balb/c mice (Welsh et al., 1991). Therefore, IFN 
induction and subsequent NK cell enhancement appear to be potent 
mechanisms for consideration in selecting BRMs for use against MCMV 
infection in T and B cell deficient hosts. Non-IFN antiviral mechanisms for 
pleiotropic BRMs such as p lCLC may also be involved, however (Morahan et 
al., 1991). Smee et al. (1992) reported that therapeutic treatment with either 
IFN~ itself or with bropiramine, which acts via IFN induction (Brideau and 
Walcott, 1985; Morahan et al., 1991), was ineffective in SCID mice infected 
with MCMV. It is possible, therefore, that pleiotropic actions are necessary to 
activate several of  the remaining host defense components of the SCID mouse, 
rather than the selective action of  MO activation by CSF-I or selective IFN 
induction (Smee et al., 1992). More investigation with additional BRMs with 
very selective and distinct mechanisms of action would help establish whether 
pleiotropic BRMs are necessary for immunotherapy in immunocompromised 
mice. 

The SCID mouse shows at least a 20-fold decrease in natural resistance to 
MCMV infection as compared with immunocompetent CD-1 and Balb/c mice 
(Table 2 and Smee et al., 1992). However, our comparative data clearly show 
that there is also an increase in resistance early in infection in SCID mice as 
compared with immunocompetent mice. Mortality due to MCMV infection in 
SCID mice occurred approximately 12 17 days after infection, while in CD-1 
and Balb/c mice death occurred approximately 5-7 days after infection. Our 
data showing a MST of 12-17 days are comparable to other studies when only 
SCID mice were infected with MCMV (smee et al., 1992; Welsh et al., 1991). 
The delayed mortality may be the result of  a number of  mechanisms. One is 
compensating nonspecific resistance mechanisms early in the infection that 
partially contain the lower inoculum of MCMV used. Death follows 
nevertheless, due to the lack of T lymphocytes which are well established to 
be required for elimination of the virus (Scott and Kaufmann, 1991). 

Although natural resistance was not as depressed as in SC1D mice, aging 
caused a slight decrease (about 0.5 log~0) in host resistance against MCMV 
infection. This decline was not unexpected in view of the existing literature on 
aging and depressed immunity (Sigel, 1952; Rytel, 1987; Murasko and 
Goonewardene, 1990). The effective antiviral protection provided by plCLC 
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against MCMV infection in aged mice provides further support for the use of 
immunotherapy in such immunosuppressed situations. The clear efficacy of 
certain BRMs in immunotherapy of viral infection expands the armamentar- 
ium of potential treatments available for the immunosuppressed host. 
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