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Rat interferon (IFN) in a dose-dependent fashion inhibited the cytopathic effect of rat 
cytomegalovirus (RCMV) in rat cell cultures. Treatment of Lewis and Brown Norway (BN) rats 
with intraperitoneal injections of IFN reduced the amount of virus recovered from the spleens 
at 3 days post infection (p.i.) and from the salivary glands at 10 and 21 days p.i. In cell cultures, 
RCMV failed to induce detectable amounts of IFN. Small amounts of IFN were detectable in 
the serum of BN rats at 3 days p.i. In Lewis rats no IFN was found in serum at any time during 
the first month p.i. 
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Introduction 

H u m a n  cy tomega lov i rus  (CMV) causes a b road  spec t rum of  clinical illness espe- 
cially in pat ients  with impa i red  immune  responses [5]. We have descr ibed the isola t ion 
of  a rat  cy tomega lov i rus  (RCMV)  [ 1,2,8] from feral rats. Infect ion of  l a bo ra to ry  rats  
with this virus results in a chronic  inapparen t  infection with virus persis tence in the 
sal ivary glands.  The course of  the infection is different  in Lewis and Brown N o r w a y  
(BN) rats  in the n u m b e r  of  virus part icles  recoverable  f rom the sa l ivary glands,  in the 
du ra t ion  of  persis tence of  virus and in the extent of  an t ibody  produc t ion .  

In ter feron  ( IFN)  is known to be an impor t an t  const i tuent  of  host  defense against  
most  viruses. C M V  have general ly been regarded as being more  resistant  to the effect 
of  I F N  [7,9,10] than  viruses regular ly  used for I F N  assays. However ,  o ther  au thors  
have descr ibed I F N  p roduc ton  dur ing  mouse cy tomegalovi rus  (MCMV)  infection and 
have inferred that  it has a protec t ive  role in this system [4,14,6]. 

In the present  s tudy we have examined  the p roduc t ion  and act ion of  I F N  by R C M V  
in rat  cell cul tures and in rats in vivo. 

* To whom correspondence should be addressed. 

0166-3542/83/$03.00 © 1983 Elsevier Science Publishers B.V. 



316 

Materials and methods 

Viruses 

Rat cytomegalovirus (RCMV) isolated in our laboratory [1,2,3] was passaged in rat 
embryo fibroblasts (REF) (cell culture virus) or in rats (salivary gland virus). The cell 
culture virus was obtained by harvesting the supernatant of the infected REF cultures 
showing 90-100% cytopathic effect (CPE). The virus suspension was assayed by a 
plaque test in REF and stored at -70°C. Vesicular stomatitis virus (VSV), Indiana 
strain, was obtained from the American Type Culture Collection. Stocks were prepa- 
red and assayed in L929 cells. The salivary gland virus was obtained from the salivary 
glands of 3- to 4-wk-old rats inoculated intraperitoneally (i.p.) with 10 6 plaque 
forming units (PFU) of virus. Virus was harvested 4 wk after the inoculation by 
homogenizing the salivary glands in 10% (w/v) Eagle's minimum essential medium 
(MEM) using a Ten Broek grinder. The homogenates were stored at -80°C. 

Cell culture 

Rat embryo fibroblasts prepared from 17-day-old Lewis or BN rat embryos were 
used at the third passage for plaque titrations of  RCMV and for interferon (IFN) 
assays. Cells were grown in Eagle's MEM containing 10% newborn calfserum (NCS). 
All media contained penicillin ( 100 IU/ml) ,  streptomycin (100 lag/ml) and amphoteri-  
cin B (5 gg/ml).  All experiments were conducted with cells grown in wells of 24 
well-trays (Costar Europe Ltd., Badhoevedorp, The Netherlands) at 37°C in a humidi.- 
fled CO2 incubator. 

Animals 

Four- to five-wk-old male rats, from two inbred (Lewis and BN) rat strains were 
used. The rats were bred under specific pathogen-free (SPF) circumstances at the 
Department  of Experimental Animal Services of the State University of Limburg, 
Biomedical Centre (Maastricht, The Netherlands). 

Virus assay 

RCMV was assayed by employing a modification of a technique described by 
Wentworth and French [15]. Confluent REF monolayers grown in wells of a 24-well 
tray (Costar Europe Ltd., Badhoevedorp, The Netherlands) were infected in quadru- 
plicate with 0.1 ml of 10-fold serial dilutions of the tissue homogenates. After an 
incubation period of 90 rain at 37°C in a CO2 incubator the agarose layer (0.25% 
agarose in BME-2 (Gibco Laboratories,  Paisley, Scotland) with 5% NCS) was added. 
After 7 days incubation at 37°C in a CO2 atmosphere, the cells were fixed with 10% 
formalin. Following fixation the solid base layer was removed and the cells were 
stained with 1% aqueous methylene blue and the plaques were counted. 
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Preparation of interferon 

The rat IFN was prepared in Ratec cells induced with Sendai virus as described 
before [12]. Briefly, Ratec cells were grown to confluency in 850 m 2 roller bottles using 
100 ml Dulbecco's modification of Eagle's minimum essential medium (DMEM) 
containing antibiotics and 10% foetal calf serum (FCS). The cells were washed with 
phosphate buffered saline (PBS) and incubated with 10 000 haemagglutinating units 
of Sendai virus in 10 ml DMEM for 1 h. The cells were again washed with PBS and 
incubated overnight in 50 ml DMEM containing 1% FCS. The supernatant was 
harvested and incubated for at least 5 days at pH 2.0 in the cold to inactivate residual 
Sendai virus. Then the crude IFN preparation was concentrated by precipitation with 
(NH4)2SO 4 or membrane filtration. The final preparation contained approximately 
104 U/ml with a specific activity of around 105 U/mg protein. 

Interferon assay 

The IFN activity was assayed by a CPE inhibition assay with Ratec cells infected 
with VSV in microtiter plates using an internal laboratory standard as reference. Both 
the assay and the validation of the internal standard have been described extensively 
[12]. 

Effect of interferon on CPE 

Rat IFN was applied to REF cultures in appropriate dilutions by adding 2 ml to 
each well which had been seeded with 105 cells 48-72 h previously. After given 
intervals, the medium with IFN was drained and the cultures were infected with 
dilutions of VSV or RCMV. Four replicate cultures were used for each IFN combina- 
tion and virus dose. Before and after virus adsorption (2 h at 37°C) the cells were 
washed twice with medium and fed with medium containing IFN. The cells were 
examined daily for the development of CPE. To maintain the desired IFN concentra- 
tion in the medium during the whole experiment, fresh medium was added to the cell 
cultures 5 days p.i. 

Effect of interferon on virus production 

Confluent REF monolayers grown in 6 well/2 cm 2 trays (Costar Europe Ltd., 
Badhoevedorp, The Netherlands) were infected in triplicate with RCMV at a multipli- 
city of infection (MOI) of 0.05. After adding 10 ml of medium (Eagle's MEM) 
containing 5, 50 or 500 U/mt of IFN to each well the cells were incubated in a CO2 
incubator at 37°C. At different intervals p.i. 1 ml of the supernatant was removed and 
assayed for the amount of virus using a plaque titration test. 

Interferon induction in vitro 

REF monolayers grown in 2 cm 2 wells (Costar Europe Ltd., Badhoevedorp, The 



318 

Netherlands) were inoculated with RCMV at MOI = 1. Following a 120-min adsorp- 
tion period, the cultures were washed once, and 2 ml of fresh medium were added to 
each well. Control plates were treated in a similar way, but were not infected with 
RCMV. The plates were examined daily for the appearance of CPE and the medium 
from the plates was assayed for RCMV and IFN activity in the usual way. 

Preparation of  rat tissues for viral assays 

Salivary glands and spleens from infected animals were prepared as described 
previously [2]. Briefly, salivary gland tissues from animals were excised at various 
times after infection. Homogenates (10% w/v) were prepared in MEM. Serial 10-fold 
dilutions of these homogenates were assayed for virus on REF cells using a plaque 
assay. 

Interferon induction in animals 

The IFN response to RCMV was determined in Lewis and BN rats that had been 
infected i.p. with 106 PFU of virus. Blood was obtained by retroorbital puncture from 
3 rats at intervals up to 15 days p.i. Serum samples from individual animals were 
assayed for IFN. Spleens and salivary gland homogenates of the infected animals were 
also assayed for IFN at various times after infection. 

Results 

In vitro sensitivity 

The sensitivity of RCMV to the inhibitory effect of IFN was determined by 
incubating the REF cultures with IFN for 24 h prior to infection. The relative 
sensitivity of RCMV to IFN was evaluated by comparison with VSV, the latter being 
among the most sensitive viruses known. 

Figure 1 shows that in both cell types (Lewis and BN) IFN induced resistance to the 
CPE of RCMV; with decreasing doses of challenge virus the reduction of CPE became 
more pronounced. From a comparison of the data in Figs. 1 and 2 it appears that the 
reduction of CPE, following application of similar IFN doses, was much more 
pronounced for VSV than for RCMV. The dose of IFN needed to inhibit CPE by 50% 
was about 30 U/ml for RCMV and about 1 U/ml for VSV. The sensitivity of RCMV to 
IFN, as tested by CPE inhibition in REF cells was about 30-fold less than that of VSV. 
The effect of IFN on virus yield is shown in Table 1. In Lewis and BN (results not 
shown) cells IFN reduced the amount of extracellular virus. The IFN effect was 
dependent on the amount IFN used in the experiment; using 500 U/ml a significant 
reduction of the amount of extracellular virus was observed at 72 till 120 hp.i. 
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Fig. 1.Time course of CPE of RCMV in Lewis REF cells (left columns) and BN REF cells (right 
columns) at a MOI of 2 × 10 -2 (A), 2)< 10 -3 (B) 2 × 10 -4 (C) and 2 × 10 -5 (D) plotted as percent of 
the cell monolayer showing CPE in control cultures and in cultures containing 10, 100 and 1 000 
U of rat IFN. Left columns represent averages of data of 3 experiments. 

In vivo sensitivity 

Lewis and BN rats were inoculated i.p. with 106 PFU ofvin~s.  IFN was administered 
in amounts  of  200, 1 000 and 5 000 U/ injec t ion .  The first dose  was administered 36 h 
before virus inoculat ion,  the second dose 4 h before virus inoculat ion and the third 
dose 24 h p.i. The effect of  treatment was analysed by measuring the amount  of  virus in 
the spleens and the salivary glands in 3-5 animals  at 3, 10 and 21 days p.i. Virus in the 
spleen homogenates  was detected in the control  BN and Lewis rats at 3 days p.i. In BN 
rats the spleen homogenate s  contained approximately  50 P F U / m l ;  in Lewis rats this 
was approximately  200 P F U / m l .  The spleens of  animals  treated with IFN were 
negative 3 days p.i. The effect of  tFN on the virus titers in the spleens at 10 and 21 days 
p.i. could not be measured because no virus was found in the spleens of  the control  
animals.  The effects o f  treatment on the virus titer in the salivary glands are summari -  
zed in Fig. 3a for the BN rats and Fig. 3b for the Lewis rats. Interferon treatment had 
no effect on the amount  of  virus recovered from salivary glands at day 3 p.i. On the 
other hand, reduced amounts  of  virus were found on days 10 and 20 p.i. This effect was 
more  pronounced in BN than in Lewis rats. In BN rats the decrease o f  virus in the 
salivary glands was maximal  at day 10 p.i. using 1 000 or 5 000 U of  IFN.  Thereafter 
the virus titre increased in the salivary glands reaching the same titre as in the control  
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Fig. 2.Time course o f C P E  of  VSV in Lewis (left columns)  and BN REF cells (right columns)  at a 
MOI of  2 )< 10 -z (A), 2 × 10 -3 (B), 2 × 10 -4 (C) and 2 )< 10 -5 (D)  plotted as percent of  the cell 
monolayer  showing CPE in control cultures and in cultures containing 10, 100 and 1 000 U of  
rat IFN. Left column curves represent averages of  data of  3 experiments.  

T A B L E  1 

Effect of  rat interferon on the production of  R C M V  in REF a 

Time (h) p.i. Virus yields ( log ~0 P F U / m l )  
Treatment with IFN at doses ( U / m l )  of: 

0 5 50 500 

24 0.78 0.78 0.90 0.00 
48 2.28 2.26 2.11 2.11 
72 3.80 3.67 3.63 3.58 
96 4.43 4.45 4.18 4.11 

120 5.38 5.32 5.11 4.45 

a Lewis REF were infected with R C M V  at MOI of  5 X 10 -2. The data are the mean titres of  
three experiments.  
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Fig. 3. Effect of treatment with interferon on RCMV concentration (expressed as log PFU/ml) 
in salivary glands of Lewis (a) and BN rats (b) at 10 and 21 days p.i. Indicated doses were given 
i.p. on each day. The first doses were administered 36 and 4 h before virus inoculation. 

an imals  at day  20 p.i. for  the doses of  200 and 1 000 U of  IFN.  The increase occurred 
more  slowly in an imals  t rea ted  with 5 000 U o f l F N .  In Lewis rats the decrease of  virus 
ti tre was smal ler  than in the BN rats. 

Time courses of interferon production and of virus replication in vitro 

To de te rmine  if R C M V  induced p roduc t ion  of  I F N  in vitro,  R E F  cell cul tures 
der ived f rom either Lewis or  BN ra t s  infected with R C M V  at a MOI  of  1, were 
observed  daily for CPE.  The supe rna tan t  fluids harves ted  at vary ing  t ime intervals 
were d iv ided  into two a l iquots  which were used for de te rmina t ion  of  virus and I F N  
produc t ion .  Viral  CPE became appa ren t  24, h p.i.; at 96 hp.i. 90-100% of  the cells 
showed CPE. Virus p roduc t ion  became detectable  2 days p.i. and  increased until  3-5 
days  both  in Lewis and BN rat  cells. Thereaf te r  the p roduc t ion  d id  not  fur ther  increase 
(Fig.  4). No I F N  produc t ion  was detected in the ext racel lu lar  fluids at any t ime poin t  
of  the entire observa t ion  per iod.  

Production of interferon in infected rats 

RCMV-infec ted  rats  were fol lowed for  interferon content  in their  serum for a per iod  
of  20 days p.i. In Lewis rats no I F N  could  be detected in the serum at any time. I n B N  
rats an I F N  response to R C M V  occurred  at 3 days p.i., but  the levels of  act ivi ty were 
low ( ~  100 U/ml ) .  In spleens and sal ivary glands of  infected animals  no I F N  could  be 
detected.  

D i s c u s s i o n  

H u m a n  and mouse  CMV are r epor ted  to have a low sensit ivity to the ant ivi ra l  
ac t ion of  I F N  [10,3,11] as shown by the reduct ion  in CPE. The resistance is dependent  
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on the virus strain used [11] and on the challenge dose of  virus used in the assay [9]. 
The last finding is also reported by Stitz and Schellekens [12] for other viruses. They 
found that the amount  of  IFN needed to protect cells of  different species against the 
CPE of  both D N A  and R N A  viruses is directly related to the amount  of  virus with 
which the cells are challenged. Our  studies with R C M V  showed that, at small chal- 
lenge doses, R C M V  was highly sensitive to IFN,  but at higher viral doses proved to be 
markedly resistant. 

Fur thermore ,  no detectable IFN was present in the cell culture fluid from rat cells 
infected with RCMV. These results confirm the findings of  certain authors  with 
M C M V  [10] and human CMV [3]. In contrast ,  other investigators found that mode- 
rate amounts  of  IFN  were produced in mouse cell cultures infected with M C M V  [9,6]. 
An explanation for these differences has not been found yet. Oie et al. [9] suggested the 
presence of  an undetectable agent (e.g. polyomavirus)  in the stock preparat ions which 
might interfere with the virus-induced IFN production.  In our  case no contaminat ing 
virus was detected in the preparations.  Our  results indicate that the rat virus probably 
differs f rom that of  the mouse in the capacity to induce IFN in vitro, a l though the 
growth of  R C M V  in BN or Lewis fibroblast cell cultures was similar to that of  M C M V  
in mouse embryo cells [9]. 

To evaluate the effect of  the administrat ion of  IFN on the pathogenesis of  the 
RCMV infection in BN and Lewis rats we measured the alteration in viral replication 
in the spleens and in the salivary glands at several times p.i. Our results suggest that 
IFN is effective in altering the course of  the infection in rats by reducing the amount  of  
virus in the spleens at 3 days p.i. and in the salivary glands at 10 days p.i. In both Lewis 
and BN rat spleens virus was undetectable at 3 days p.i., if the animals had been 
treated with IFN. The effect of  IFN on the reduction of  virus titers in the salivary 
glands was more significant in Lewis than in BN rats. These results indicate that the 
IFN effect was significant in the early period after the infection (3 days p.i. for the 
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spleens,  10 days p.i. for  the sa l ivary glands) .  The a l te ra t ion  of  the virus p roduc t ion  in 
o ther  organs  was not  de t e rmined  in these studies.  A l though  direct  compar i son  of  these 
results  ob ta ined  with R C M V  with those ob ta ined  with M C M V  are difficult  due to 
differences in methods  used (i.e. reduc t ion  of  virus titre or  the effect on mor ta l i ty  
[4,7,10], the present  results are in general  agreement  with those ob ta ined  in mice. Wi th  
bo th  viruses an effect of  I F N  on the infection in an imals  was observed.  

An  I F N  response was seen in BN rats 3 days after infection with RCMV.  In Lewis 
rats  no I F N  could  be de tec ted  in the sera over  a 20-day per iod  p.i.. S imi lar  exper iments  
with M C M V  in mice have revealed con t rad ic to ry  results.  Thus Osborn  and Medear is  
[10] did  not  f ind I F N  in serum of  mice infected with M C M V .  An exp lana t ion  for this 
could  be the fact that  they examined  sera at 4, 5 and 20 h p.i. and  not  at la ter  times. 
A l though  in the exper iments  o f  G r u n d y  et al. [4] serum I F N  levels were measured  at 6 
h p.i. Kelsey et al. [6] found  serum I F N  as early as 12 h p.i. with a peak  at 36 h p.i. The 
a m o u n t  o f  I F N  in our  exper iments  was low in BN rats at 3 days  p.i. and  undetec table  
in Lewis rats.  in cont ras t ,  a v igorous  I F N  response in MCMV-in fec t ed  mice was 
detected [14]. 

F r o m  these in vivo exper iments  together  with the in vi tro exper iments  we could  
conc lude  that  R M C V  is a poo r  I F N  inducer.  

The role of  I F N  in R C M V  infect ion arising f rom this s tudy suggests differences 
between strains o f  the rats used. Similar  differences between BN and Lewis rats have 
also been repor ted  in our  previous  studies [2]. The in vi tro studies did  not  show this rat  
s t ra in  effect because the induct ion  of  IFN,  the virus p roduc t ion  and  the sensit ivity to 
I F N  were near ly  identical .  
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