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Activity of Different Antiviral Drug Combinations against 
Human Cytomegalovirus Replication in Vitro 

R. Snoeck*,  G. Andrei ,  D. Schols, J. Balzarini, E. De  Clercq 

The effects of different antiviral drug combinations on the replication of various 
human cytomegalovirus (CMV) strains in human embryonic lung (HEL) fibroblasts 
were evaluated. HPMPC combined with either ganciclovir, foscarnet or acyclovir 
showed additive to synergistic inhibition of CMV replication. Combinations of 
zidovudine with HPMPC, ganciclovir, foscarnet or acyclovir also resulted in additive 
to synergistic inhibition of CMV replication. Synergism tended to be higher for the 
clinical CMV isolates than for the reference strains AD-169 and Davis. Suppression of  
CMV replication was obtained at lower drug concentrations when the drugs were com- 
bined than when the drugs were used alone. At the highest drug concentrations used in 
the antiviral activity experiments, neither drug alone nor its combination suppressed 
host cell growth. If higher drug concentrations were used, zidovudine increased the in- 
hibitory effects of ganciciovir, acyclovir and foscaruet but not of HPMPC, on cell 
proliferation. Use of combinations in the therapy of CMV infections may be con- 
sidered to enhance drug efficacy, to reduce toxicity and, possibly, to diminish the risk of 
emergence of drug-resistant virus strains. 

Human cytomegalovirus (CMV) is an ubiquitous 
human pathogen that affects 50 % to 90 % of 
adults. In healthy individuals CMV infections are 
usually asymptomatic. However, under certain 
clinical conditions CMV infections can be quite 
severe. Primary exposure to CMV during preg- 
nancy may result in intra-uterine infection caus- 
ing a wide spectrum of syndromes in the newborn, 
such as prematurity, mental retardation, sensory 
neural deafness, hepatosplenomegaly and throm- 
bocytopenia (1, 2). CMV infections are often ob- 
served following kidney, heart or liver transplan- 
tation, and are particularly problematic in al- 
logeneic bone-marrow transplant recipients (3, 
4). In these patients, CMV can cause life- 
threatening interstitial pneumonitis (5). In addi- 
tion, CMV is one of the most common infections 
in patients suffering from the acquired immune 
deficiency syndrome (AIDS), retinitis and colitis 
being the most frequent CMV manifestations (6, 
7). 
Only two drugs, ganciclovir and foscarnet are cur- 
rently used in the treatment of CMV infections. 
In AIDS patients, ganciclovir can prevent CMV 
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replication, leading to suppression of retinitis and 
improvement in the outcome of colitis (8, 9). Al- 
though ganciclovir has shown some efficacy in the 
treatment of CMV pneumonitis in AIDS 
patients, it has not improved the outcome of this 
disease in bone-marrow transplant patients in 
spite of suppression of viral replication in the 
lungs (10, 11). Recently, ganciclovir in combina- 
tion with hyperimmune anti-CMV immuno- 
globulins has demonstrated some efficacy in 
reducing mortality due to CMV pneumonitis in 
bone-marrow transplant patients (12, 13). A 
drawback associated with the clinical use of gan- 
ciclovir is that prolonged treatment can lead to 
severe neutropenia and/or thrombocytopenia, 
necessitating cessation of ganciclovir treatment in 
some cases (8, 9). Another factor causing 
problems in the long-term use of ganciclovir is the 
emergence of virus resistance to the drug (14,15). 

Foscarnet treatment can lead to suppression of 
CMV replication in kidney transplant recipients 
(16,17). In AIDS patients, foscarnet is effective in 
the treatment of interstitial pneumonitis and 
retinitis, including ganciclovir-resistant CMV 
retinitis (18-20). However, it has been docu- 
mented that foscarnet may lead to reversible 
renal impairment with increased serum 
creatinine levels (16-19). In a recent study com- 
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paring ganciclovir and foscarnet in the treatment 
of CMV retinitis in AIDS patients, foscarnet was 
less well to le ra ted  than ganciclovir  (21). Recent ly ,  
Knox  et al. (22) descr ibed  the  isolat ion o f  a 
h u m a n  C M V  strain resistant  to bo th  foscarne t  
and ganciclovir.  

Acyc lov i r  is the  drug  of  choice  for  the t r e a tmen t  
of  he rpes  s implex virus (HSV-1 and HSV-2)  infec- 
tions. A l t h o u g h  it has only  weak  activity against  
CMV, acyclovir  may  have some  efficacy in the 
p reven t ion  o f  C M V  disease in k idney  and b o n e  
m a r r o w  al lograf t  recipients  (23, 24). 

Cons ider ing  the sever i ty  o f  C M V  infect ions in im- 
m u n o c o m p r o m i s e d  patients ,  m o r e  effective 
and /o r  less toxic drugs for  t r e a tmen t  are  required.  
The  use o f  c o m b i n a t i o n  c h e m o t h e r a p y  is an inter- 
esting a p p r o a c h  to e n h a n c e  drug  efficacy and 
dec rease  drug toxicity. In  addi t ion,  such combina-  
t ion c h e m o t h e r a p y  m a y  also diminish the risk of  
d e v e l o p m e n t  of  virus resistance to the drug.  

In recent  years ,  var ious  p h o s p h o n y l m e t h o x y -  
a lkylpur ine  and  -pyr imidine  derivat ives have 
been  shown to exhibit  activity against  a b road-  
spec t rum of  D N A  viruses (i.e. adenoviruses ,  her-  
pesviruses,  ir idoviruses,  pox  viruses and  hepad-  
naviruses)  as well as re t roviruses  including 
h u m a n  immunode f i c i ency  virus ( H I V )  (25-27).  
We have  also r epo r t ed  that  (S)-9-(3-hydroxy-2-  
p h o s p h o n y l m e t h o x y p r o p y l ) - a d e n i n e  ( H P M P A )  
and  ( S ) - l - ( 3 - h y d r o x y - 2 - p h o s p h o n y l m e t h o x y p r o -  
pyl ) -cytos ine  ( H P M P C )  are po t en t  and selective 
inhibi tors  of  C M V  repl ica t ion in vitro (28, 29). In 
this s tudy we tes ted  the a n t i - C M V  activity of  the 
acyclic nuc leos ide  p h o s p h o n a t e s  H P M P A  and 
H P M P C  in combina t i on  with ganciclovir,  foscar-  
ne t  and acyclovir.  Cons ider ing  the fact that  treat-  
men t  o f  C M V  infect ions is of ten  requi red  in HIV-  
infected pat ients  unde r  therapy  with z idovudine ,  
we also examined  the effects o f  z idovudine  com-  
bined with e i ther  H P M P A ,  H P M P C ,  ganciclovir,  
foscarne t  or  acyclovir  on  C M V  repl icat ion in 
vitro. 

Materials and Methods 

Cells. Human embryonic lung (HEL) fibroblasts (ATCC 
CCL 137) were used at low passages. Cells were 
propagated in minimum essential medium (MEM) sup- 
plemented with 10 % inactivated fetal calf serum (In- 
tegro, The Netherlands), 1% L-glutamine and 0.3 % 
sodium bicarbonate. 

Viruses. The CMV reference strains AD-169 (ATCC VR 
538) and Davis (ATCC VR 807) were provided by Dr. 

S. Michelson (Institut Pasteur, Paris, France). The source 
of the clinical CMV strains and virus stock preparations 
has been described previously (29). 

Compounds. The drugs tested and their sources were as 
follows: HPMPA and HPMPC (Institute of Organic 
Chemistry and Biochemistry, Czechoslovakia); gan- 
ciclovir (Syntex, USA); acyclovir (Weilcome Research 
Laboratories, USA); foscarnet and zidovudine (Sigma, 
USA). 

Antiviral Assay. Confluent HEL cells were grown in 96- 
well microtiter plates and infected with the different virus 
strains at a concentration of 100 plaque forming units 
(PFU) per well. After a 2 h incubation period, residual 
virus was removed and the infected cells were further 
incubated with MEM supplemented with 2 % inactivated 
fetal calf serum, 1% L-glutamine and 0.3 % sodium 
bicarbonate containing different concentrations of the 
test compounds (in duplicate). After incubation for seven 
days at 37 *C in 5 % CO2 atmosphere, viral cytopathic 
effect was measured as described previously (28, 30). 
Antiviral activity was expressed as the ICS0, i.e. the in- 
hibitory concentration required to reduce the viral 
cytopathicity by 50 %. 

Virus Yield Assay. Confluent HEL cells grown in two- 
chamber slides (Nunc, USA) were infected with CMV 
(AD-169 strain) at a multiplicity of infection of ap- 
proximately 0.05 PFU/celI. After a 2 h adsorption period, 
residual virus was discarded and the cell cultures were 
incubated with fresh medium containing different con- 
centrations of the test compounds. After incubation for 
seven days at 37 °C, supernatants were harvested and 
stored at -80 °C. Virus titers were determined by a plaque 
assay in HEL cell monolayers. 

Analysis of Combhmtions. The combined inhibitory ef- 
fects of the different drugs on CMV-induced cytopathicity 
were examined by checkerboard combinations of various 
concentrations of the test compounds. The combination 
effects were analyzed by the isobologram method (31). 
In this analysis, the IC50 was used for calculation of the 
fractional inhibitory concentration (FIC). The FIC for 
each drug combination, i.e. compound x plus compound 
y, was calculated as follows: FICx = IC50 of compound x 
m combination/IC50 of compound x alone, and FICy = 
IC50 of compound y in combination/IC50 of compound y 
alone. When the FIC index, which corresponds to the 
FIC of the compounds combined (FICx + FICy), is equal 
to 1.0 the combination is additive; when it is between 1.0 
and 0.5, the combination is partially synergistic; when it 
is < 0.5 the combination is synergistic; when it is between 
1.0 and 2.0 the combination is partially antagonistic and 
when it is > 2.0 the combination is antagonistic. 

Cytotoxicity Assay. Cytotoxicity measurements were 
based on the inhibition of HEL cell growth, as described 
previously (27, 28). Briefly, 3 x 103 cells/well were seeded 
in a 96-well microtiter plate and allowed to proliferate 
for 24 h in MEM containing 10 % fetal calf serum. Dif- 
ferent concentrations of the test compounds were added 
(in duplicate), and after a three-day incubation period 
at 37 °C in 5 % CO2 atmosphere, the cell number was 
determined with a Coulter counter. Cytotoxicity was ex- 
pressed as the CC50, i.e. the concentration required to 
reduce cell growth by 50 %. Cytotoxicity was also 
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measured by a dye exclusion test based on the use of 
trypan blue. The procedure is similar to that used to 
determine the cell number by cell counter: confluent 
HEL cells in 96-well microtiter plates were incubated 
with different concentrations of the test compounds (each 
point of the combination was tested in quadruplicate). 
After seven days of incubation at 37 *C in 5 % CO2 
atmosphere, the cells were trypsinized with 100 /al of 
trypsin and diluted in an equal volume of a 1% solution 
of trypan blue. Ten microliters of the cell suspension 
were then transferred to Burker chambers and the living 
cells were counted under a microscope. 

Results 

Combinations o f  H P M P C  or H P M P A  with Fos- 
carnet, Ganciclovir or Acyclovir. The  effects of 
H P M P C  alone and in combinat ion with foscar- 
net, ganciclovir or acyclovir on the replication of 
CMV in H E L  cells are shown in Tables 1 to 3. The 
IC50 values obtained for the drugs alone were 
consistent with previously repor ted data (29, 30). 
Thus, the IC50 ranged from 0.06 to 0.5 ~g/ml for 
HPMPC,  0.5 to 1.6/ag/ml for ganciclovir, 17.5 to 
20 lag/ml for foscarnet  and 15 to 64 lag/ml for  
acyclovir. The  FIC indexes obta ined showed that 
all combinations had partially synergistic activity 
against CMV. No significant differences were 
noted between the reference CMV strains (AD- 
169 and Davis) and the clinical CMV isolates. 
Mean FIC indexes for combinations of H P M P C  
with either foscarnet,  ganciclovir or acyclovir 
(Tables 1 to 3) were 0.46, 0.45 and 0.475, respec- 
tively. Similar results were obta ined when 
HPMPA was used in combination with foscarnet,  
ganciclovir or acyclovir (data not  shown). The  
mean FIC indexes for combinations of  H P M P A  
with either foscarnet,  ganciclovir or  acyclovir 
were 0.57, 0.54 and 0.52, respectively. 

Neither  alteration of  H E L  cell morphology nor 
inhibition of  cell proliferation was observed with 
any of the drugs alone or in combination at the 
highest concentrat ions used (100 /ag/ml for 
acyclovir and foscarnet,  10/ag/ml for ganciclovir 
and 1/ag/ml for H P M P C  and HPMPA).  However ,  
when the combined inhibitory effects of  H P M P C  
and acyclovir, ganciclovir or foscarnet  on the 
growth of infected H E L  cells were evaluated at 
higher concentrat ions (200 lag/ml was used as 
highest concentrat ion for each compound) ,  the 
combinations had an additive to partially anta- 
gonistic effect on cell growth (Figure 1). FIC 
values based on the CC50 ranged from 0.94 to 1.7, 
which means that  cytotoxicity was not  enhanced 
following combination of  H P M P C  with ei ther  
foscarnet,  ganciclovir or acyclovir. 
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Figure 1: Isobologram representation of the inhibitory ef- 
fects on HEL cell proliferation of combinations of HPMPC 
with ganciclovir (A--,x), acyclovir (B--ll) or foscarnet 
( A - - A ) .  Broken lines represent the unity lines for FIC 
equal to 1 and 0.5. 

Combinations of Zidovudine with HPMPC, 
HPMPA, Foscarnet, Ganciclovir and Acyclovir. 
The effects of zidovudine alone and in combina- 
tion with HPMPC, foscarnet, ganciclovir or 
acyclovir on the replication of CMV in HEL cells 
are shown in Tables 4 to 7. Whereas zidovudine 
did not inhibit CMV cytopathicity up to a con- 
centration of 200 pg/ml, a concentration-depend- 
ent inhibition of CMV cytopathicity was observed 
for all the other compounds. The IC50 ranged 
from 0.074 to 0.62 ~g/ml for HPMPC, 2 to 
6.4 lag/ml for ganciclovir, 14 to 74 ~g/mt for foscar- 
net, and 10 to 70/ag/ml for acyclovir. Combination 
of zidovudine with either HPMPC, foscarnet, 
ganciclovir or acyclovir resulted in a significant 
diminution of the IC50 of these drugs. The FIC in- 
dexes obtained (Tables 4 to 7) showed that all 
combinations had additive to synergistic inhibi- 
tion of CMV, synergism being more evident with 
the clinical CMV strains. Thus, for the reference 
CMV strains, the combinations in decreasing 
order of synergism (based on the mean FIC in- 
dexes) were HPMPC/zidovudine (0.255), gan- 
ciclovir/zidovudine (0.395), acyclovir/zidovudine 
(0.485) and foscarnet/zidovudine (0.495). The 
mean FIC indexes for the clinical CMV isolates, 
which were lower than for the reference CMV 
strains pointing to more pronounced synergism of 
the different combinations against the clinical 

strains, were as follows: ganciclovir/zidovudine 
(0.18), HPMPC/zidovudine (0.2), acyclovir/zido- 
vudine (0.24) and foscarnet/zidovudine (0.41). 
Similar results were obtained when zidovudine 
was combined with HPMPA (data not shown), 
the mean FIC index being 0.33 and 0.2 for the ref- 
erence and clinical CMV strains, respectively. 

To confirm that combinations of zidovudine with 
HPMPC, ganciclovir, acyclovir or foscarnet really 
resulted in synergistic inhibition of CMV replica- 
tion, virus yield assays were performed with com- 
binations of the drugs at different concentrations 
and a fixed concentration (200 !ug/ml) of zido- 
vudine. As shown in Figure 2, concentration-de- 
pendent inhibition of the CMV yield was ob- 
tained with HPMPC, ganciclovir, acyclovir and 
foscarnet. Although zidovudine did not affect 
virus cytopathicity at a concentration of 
200 ~tg/ml, at this concentration it produced a 1 
lOgl0 reduction in virus yield. In all cases, at 0.02 
and 0.05/ag/ml for HPMPC (Figure 2), at 0.2 and 
0.5/ag/ml for HPMPA (data not shown), at 
0.5/ag/ml for ganciclovir (Figure 2) and at 5 and 
20/ag/ml for both acyclovir and foscarnet (Figure 
2), the differences between the virus yield ob- 
tained with the anti-CMV agents in the presence 
and absence of zidovudine were higher than 1 
logl0. Neither alteration of HEL cell morphology 
nor inhibition of cell growth was observed with 
any of the compounds at the concentrations used 
in the experiments described in Tables 4 to 7 and 
Figure 2. If however higher concentrations were 
employed (200 lug/ml was used as the highest con- 
centration for each compound), inhibition of cell 
growth was observed. As shown in Figure 3, com- 
binations of zidovudine with acyclovir or gan- 
ciclovir resulted in a partially synergistic in- 
hibitory effect on host cell growth. Similarly, com- 
bination of zidovudine with HPMPA led to a 
synergistic inhibitory effect on HEL cell growth 
(data not shown). Also, slight synergism was 
noted for the combination of zidovudine with fos- 
carnet (Figure 3). In contrast, the combination of 
zidovudine with HPMPC resulted in a partially 
antagonistic inhibitory effect on HEL cell growth. 
Results obtained by the trypan blue exclusion test 
on confluent HEL cells for ganciclovir, HPMPC 
and foscarnet when combined with high con- 
centrations of zidovudine are reported in Table 8. 
No toxicity could be demonstrated when this 
method was applied with the different drug com- 
binations. Similar results were obtained when the 
same method was used to evaluate toxicity of the 
same combinations on growing cells (data not 
shown). 
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Figure 2: Combined inhibitory effects of various anti-CMV drugs and zidovudine on virus yield 
production in HEL cells. HEL cell cultures were infected with CMV (AD-169 strain) and, after virus 
adsorption, cells were incubated in the presence of different concentrations of either HPMPC, 
ganciclovir, acyclovir or foscarnet without zidovudine ([]) or with zidovudine at 200 ~g/ml (IZ]). Virus 
yield was determined after 7 days of incubation. Mean values for two separate experiments are 
shown. 
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F i g u r e  3: Isobologram representation of the inhibitory ef- 
fects on HEL cell proliferation of combinations of 
zidovudine with HPMPC (O---O), ganciclovir (~.--~.), 
acyclovir (11--41) or foscarnet (A--A). Broken lines rep- 
resent the unity lines for FIC equal to 1 and 0.5. 

D i s c u s s i o n  

Combinat ion of antiviral drugs against CMV is an 
interesting approach to maximize their antiviral 
efficacy and minimize their toxicity for the host. 

In addition, combination chemotherapy  may also 
reduce the possible risk of  emergence  of  drug- 
resistant virus. Combinat ion chemotherapy  is 
widely used in the t reatment  of bacterial  infec- 
tions and malignant diseases. Except  for  the com- 
bination of zidovudine and ribavirin that results 
in antagonistic inhibitory effect on HIV replica- 
tion (32, 33), other  combinations of antiviral 
agents generally lead to increased antiviral ac- 
tivity (33-35). We therefore  evaluated the in- 
hibitory effects on CMV of  the phosphonyl-  
methoxyalkyl derivatives H P M P C  and HPMPA 
in combination with the currently available anti- 
viral drugs ganciclovir, acyclovir or foscarnet. In 
view of the high incidence of CMV infections in 
AIDS patients, we also evaluated the inhibitory 
effects on CMV of combinations of these drugs 
with the ant i -HIV agent zidovudine. 

Combinat ion of H P M P C  with foscarnet,  gan- 
ciclovir or acyclovir led to an additive to partially 
synergistic inhibitory effect on CMV replication 
in H E L  fibroblasts. With these combinations sup- 
pression of CMV replication was achieved at 
lower drug concentrat ions than when the drugs 
were used individually. None  of the drugs alone 
or in combination affected proliferation of  the 
H E L  cells at the highest concentrat ions used in 
the antiviral activity experiments.  When the con- 
centrations were increased to levels affecting host 
cell growth, no increased cytotoxicity was ob- 
served with any of the combinations (HPMPC/  
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Table 8: Toxicity of three anti-CMV drugs when combined with high concentrations of zidovudine as 
measured by the trypan blue exclusion test. 

CC50 (~gJml) 

Ganciclovir HPMPC Foscarnet 

Zidovudine (100 ~g/ml) 40 > 100 100 

Zidovudine (25 lag/ml) > 100 > 100 100 

Alone > 100 > 100 150 

CC50: Concentration required to decrease cell viability by 50 %. 

foscarnet, HPMPC/ganciclovir or HPMPC/ 
acyclovir). The combination of HPMPA with 
either foscarnet, ganciclovir or acyclovir also 
resulted in a partially synergistic inhibitory effect 
on CMV replication, but it should be recognized 
that HPMPA is about five to ten times more toxic 
for HEL cell growth than its congener HPMPC. 

Synergistic in vitro anti-CMV effects have been 
reported previously for combinations of foscar- 
net with ganciclovir (36), whereas studies in vitro 
suggest that the interaction is additive (37). The 
fact that combinations of anti-CMV drugs may 
result in additive to synergistic antiviral effects is 
particularly relevant in the prevention of 
development of drug-resistant CMV strains. 
Ganciclovir-resistant CMV strains appear to arise 
with an appreciable frequency in the hospital en- 
vironment (14, 15), and recently a foscarnet-resis- 
tant CMV strain has been isolated from a patient 
on foscarnet treatment (21). Both foscarnet and 
ganciclovir interfere with CMV DNA synthesis at 
the viral DNA polymerase step (38, 39). Similarly, 
inhibition of CMV replication by HPMPC also 
results from selective suppression of viral DNA 
synthesis (40). Whereas virus resistance to foscar- 
net and acyclovir appears to be based on muta- 
tions in the DNA polymerase gene (38), CMV 
resistance to ganciclovir is mainly associated with 
a decrease in the phosphorylation rate (41). Drug 
sensitivity studies have indicated that foscarnet- 
resistant mutants are also resistant to acyclovir, 
but still sensitive to ganciclovir, HPMPC and 
HPMPA (42), whereas ganciclovir-resistant CMV 
strains remain sensitive to foscarnet and acyclovir 
(41), as well as HPMPC (43). Whether the use of 
different drug combinations can modulate the 
emergence of drug-resistant virus strains in vivo is 
an interesting issue that remains to be explored. 

The in vivo efficacy of HPMPC has been estab- 
lished in several animal models for CMV infec- 
tion (44-46). A remarkable feature of the phos- 

phonylmethoxyalkyl derivatives is that they 
generate prolonged antiviral activity (27). The 
long-lasting activity of HPMPC against CMV has 
been demonstrated in both cell culture (40, 47) 
and animal models for CMV infection (44-46). 
This makes HPMPC an excellent candidate for 
future clinical trials, since it would seem feasible 
to generate an antiviral response with infrequent 
dosing or even a single dose of the compound. 
Combination of HPMPC with other anti-CMV 
drugs may potentiate its efficacy, allow lower 
dosage regimens (thus reducing toxicity), and 
diminish the risk of development of resistance. 

The finding that combinations of zidovudine with 
either HPMPC, HPMPA, ganciclovir, acyclovir or 
foscarnet result in an additive (for the reference 
strains) to synergistic (for the clinical strains) in- 
hibitory activity against CMV may have impor- 
tant implications in view of the high frequency of 
CMV infections in AIDS  patients. A flow 
cytometry assay has proved useful for evaluating 
the anti-CMV activity of selected antiviral com- 
pounds in vitro (28, 48). However, this method 
did not prove applicable to the study of drug com- 
binations (e.g. zidovudine combined with anti- 
CMV compounds), possibly because interactions 
of the drugs at different stages of the viral cycle 
led to incomplete fluorescence. 

In an attempt to demonstrate that synergism in 
these combinations could be due to zidovudine- 
induced deoxynucleoside triphosphate (dNTP) 
pool depletion, as already demonstrated in 
human cells (49-51), we conducted virus yield ex- 
periments on days 3, 4 and 7 post-infection. The 
purpose was to see whether an eventual drop of 
these dNTP pools in HEL-infected cells could 
lead after one virus replicative cycle to an anti- 
CMV activity of zidovudine. However, 
zidovudine by itself did not significantly affect 
virus yield, while combination with anti-CMV 
compounds showed a trend towards synergism 
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after  one viral replication cycle (data  not shown). 
Synergism was evident  on day 7 (Figure 2). The  
well known metabol ic  st imulation with increased 
product ion of  some  enzymes af ter  C M V  infection 
(52) makes  in terpre ta t ion  of  this synergism ra ther  
problematic .  

In te rms  of  toxicity, combinat ions  of  zidovudine 
with H P M P A ,  ganciclovir or  acyclovir led to a 
slight increase in the inhibition of  H E L  cell 
proliferat ion,  whereas  combinat ion  of  zidovudine 
with H P M P C  led to a slight decrease in the inhibi- 
tion of host  cell growth. Similar results have  been 
found when these combinat ions  were evaluated 
for their  inhibitory effect on bone  mar row cell 
prol iferat ion (granulocyte-macrophage  colony 
format ion)  (53). 

Eriksson and Schinazi (54) repor ted  a modera t e  
synergistic inhibitory effect for the combinat ion 
of zidovudine with foscarnet  against H I V  in vitro. 
F rom the present  results it appears  that this com- 
bination also has an addit ive ant i -CMV effect, 
which thus lends further  credence to the potential  
usefulness of  this combinat ion  in the t r ea tment  of 
C M V  infections in HIV-infected individuals. Our  
results suppor t  the concept  that  H P M P C  may  be 
useful in the t r ea tment  of  C M V  infections in 
A I D S  patients  while the lat ter  are under  
z idovudine t r ea tmen t  for  their  underlying H I V  
disease. Fur the rmore ,  H P M P C  may  be useful in 
combinat ion  with o ther  an t i -CMV drugs (such as 
ganciclovir and foscarnet)  for maximizing anti- 
viral activity while minimizing toxic side effects 
and, possibly, reducing the risk of deve lopment  of 
drug-resistant  virus strains. 
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