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Abstract.  We investigated the value of monitoring CMV 
antigenemia during and after antiviral therapy for CMV 
disease. During the study period, 10 out of 214 renal trans- 
plant recipients were treated for CMV disease, receiving a 
total of 14 courses of treatment. Antigenemia decreased 
within 7 days after onset of treatment in eight of nine 
courses associated with a rapid clinical recovery. In three 
courses with a slow or absent response, antigenemia levels 
initially increased. Monitoring antigenemia was helpful in 
differentiating persisting CMV disease from other oppor- 
tunistic infections and rejection. Relapses of CMV disease 
were preceded by rises in antigenemia. Viral isolation be- 
came negative within 3 days after initiation of ganciclovir, 
irrespective of the clinical response. Antigenemia is a 
marker of the effect of ganciclovir on CMV replication in 
vivo, and its monitoring may be valuable in the manage- 
ment of patients with severe CMV disease. 

K ey  words: CMV, in renal transplantation - CMV anti- 
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Cytomegalovirus (CMV) is the most frequent infectious 
complication after solid organ transplantation and occurs 
in 50 %-60 % of all patients. Although asymptomatic or 
mild in many cases, 5 %-20 % of these infections cause 
severe disease manifestations [21, 24, 25]. Uncontrolled 
studies have suggested that ganciclovir (DHPG) is valu- 
able in the treatment of severe CMV disease [10,11,16,18, 
19, 24, 27, 29]. However, insufficien t responses to antiviral 
therapy occurred in about 10%-15% of the patients 
treated [13]. These failures might have been caused by de- 
layed initiation of therapy, inadequate dosing, or true drug 
resistance [12]. Alternatively, persisting symptoms could 
have been a result of coinfection by other opportunistic or- 
ganisms or by simultaneous allograft rejection. Relapse of 
symptomatology after cessation of therapy can occur in up 
to 20 % of allpatients [10]. In this situation, relapse of CMV 
activity should again be differentiated from other compli- 
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cations. Clearly, an objective parameter to monitor the ef- 
fects of antiviral therapy on CMV replication would be 
very helpful in the management of patients with severe 
CMV disease. Viral isolation methods have limited value in 
this regard because processing times may last from i day to 
i or more weeks, and cultures often become negative with- 
in a few days after the onset of treatment, in patients with 
both favorable and unfavorable outcomes [t 1,16, 20, 29]. 

Recently, we developed the CMV antigenemia assay: 
a rapid, sensitive, and quantitative method based on the 
detection of CMV antigens in peripheral blood leukocytes 
by immunoperoxidase staining [5]. The number of CMV 
antigen-positive leukocytes was shown to be closely re- 
lated to the clinical course of disease in the individual pa- 
tient. Patients with severe CMV disease had higher maxi- 
mum numbers of antigen-positive leukocytes than those 
with asymptomatic or mild infection [1, 3]. Preliminary 
observations by ourselves and others suggest that antiviral 
treatment gradually reduces the level of CMV antigene- 
mia [20, 28]. In this report we describe the effect of ganci- 
clovir on CMV antigenemia levels in ten renal allograft 
recipients treated for severe CMV disease. Our results in- 
dicate that monitoring antigenemia may be helpful in de- 
tecting insufficient responses, in analyzing the mechanism 
of treatment failure, and in differentiating CMV relapse 
from other causes of renewed symptoms and, thus, enable 
individualization of antiviral therapy. 

Materials  and methods  

Patients and managemen t  

Clinical and virological data were reviewed for all patients receiving 
a renal (n = 211) or combined renal-pancreatic (n = 3) transplant be- 
tween September 1987 and January 1991. Details on baseline immu- 
nosuppression, diagnosis, and management of rejection have been 
described elsewhere [1]. No hyperimmune globulin (HIG) or high- 
dose acyclovir were given as a prophylactic measure against CMV. 
All patients were monitored for CMV infection during the frist 
8-12 weeks after transplantation using the antigenemia assay, viral 
isolation from blood and urine, and serology. 
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Table 1. Baseline characteristics and risk factors in ten patients with 14 episodes of suspected severe CMV disease. C, Cyclosporin A; P, pred- 
nisolone; A, azathioprine; MP, methylprednisolone; ATG, antithymocyte globulin 

Patient Age/Sex Serostatus Immunosuppression No. of rejections Antirejection therapy 
No. 

1 33/M - CPA 2 MP; MP--+ATG 
1" CPA 
2 63/M - ATG-+CP - 
3 54/M - C--+CP 1 MP--+ATG 
4 52/M - CPA 1 MP--+ATG 
4 a CPA - 
4 b CPA - 
5 47/M + CP 2 MP; MP--+ATG 
6 41/1= - OKT3--+CPA - 
7 23/F - OKT3-+CPA 1 MP 
8 46/M - CP--+PA - 

8 a P A  1 MP 
9 29/M - CPA 1 MP 
10 32/M - CP-->CPA 1 MP--+ATG 

Generally, no specific measures were taken in asymptomatic 
CMV infection; immunosuppression was lowered as a first measure 
in patients with CMV disease. 

Ganciclovir was given to 16 patients. Six received pre-emptive 
antiviral treatment because of simultaneous asymptomatic CMV in- 
fection and steroid-resistant rejection; four of these cases have been 
reported elsewhere and these patients were excluded from the pre- 
sent analysis [4]. Ten patients were treated because of CMV disease 
that was judged to be life-threatening or severe and that persisted 
despite reduction of immunosuppression; they form the study popu- 
lation of this report. Two of these patients received HIG (Cytotect, 
Biotest) as an additional therapeutic measure. A high number of 
CMV antigen-positive leukocytes per se was not an indication for 
antiviral therapy. Ganciclovir was administered in a dosage of 
5 mg/kg twice daily, adjusted according to the manufacturer's pre- 
scription and drug levels (as measured by HPLC) in case of impaired 
renal function. Duration of treatment was 14 days, although this 
period could be adjusted according to the clinical status of the pa- 
tient. During treatment patients were examined daily and had daily 
monitoring of complete blood count with differential as well as renal 
and liver function tests. 

Virological methods 

Tests for CMV antigenemia and antibodies were done once weekly 
and, during treatment with ganciclovir, twice weekly; viral isolation 
from blood and urine was done once weekly. 

CMV antigenemia was determined as previously described [1]. 
In short, peripheral blood leukocytes were isolated, cytocentrifuged, 
and incubated with a mixture of two monoclonal antibodies directed 
against the 65 kD CMV lower matrix protein, followed by immu- 
noperoxidase staining. The number of antigen-positive cells per 
50000 polymorph nuclear leukocytes (PMNs) was counted in dupli- 
cate. Presence of at least one CMV antigen-positive leukocyte in one 
or both slides was regarded as a positive result. 

CMV viremia and viruria were determined by the rapid coverslip 
culture method previously described and by a conventional isolation 
technique based on the demonstration of a cytopathological effect 
[22]. 

Serological diagnosis was based on quantitative determinations 
of IgM and IgG antibodies against CMV late antigens by an ELISA 
[14]. 

Definitions 

CMV infection was diagnosed by the presence of antigenemia, vire- 
mia, and/or seroconversion (in the case of primary infection) or a 
significant rise in IgG antibodies (in the case of secondary infection). 

A positive antigenemia result that was not confirmed by culture or 
serology was regarded as false-positive. 

CMV disease required the presence of CMV infection in combi- 
nation with compatible clinical symptomatology. Histological evi- 
dence of organ involvement was obtained when possible. Other in- 
fectious causes were excluded using appropriate procedures. 

Statistical methods 

The ~2 test was used to evaluate the data. A level of P less than 0.05 
was considered to be statistically significant. 

R e s u l t s  

CMV infection and outcome 

C MV  infect ion was d iagnosed in 114 of the 214 pat ients  
studied; 27 were p r imary  and  87 secondary  infections. 
A n t i g e n e m i a  was detec ted  in 99 patients;  96 of these sub- 
sequent ly  proved  to have C MV  infection.  In  eight pat ients  
asymptomat ic  secondary  infect ion occurred in the ab- 
sence of ant igenemia .  The  remain ing  ten infect ions oc- 
curred after d i scont inua t ion  of an t igenemia  mon i to r ing  
and  were d iagnosed  serologically: these were also asymp- 
tomat ic  secondary  infections.  A n t i g e n e m i a  was general ly  
the first avai lable marke r  of C M V  infection,  appear ing  
most  of ten  before the onset  of symptoms.  

C M V  disease occurred in 24 of the 27 pat ients  with pri- 
mary  infect ion and  in 12 of the 87 pat ients  with secondary 
infection.  Severe C M V  disease p r o m p t e d  t r ea tmen t  with 
ganciclovir  in n ine  pat ients  with pr imary  and one pa t ient  
with secondary  C M V  infect ion;  in addi t ion,  four cases of 
suspected relapse of C M V  disease were t rea ted again. The  
clinical and virological characteristics of these ten  pat ients  
are shown in  Tables 1 and  2. 

In  the t r e a t me n t  group, one dea th  and  one  addi t ional  
case of graft loss occurred in associat ion with C M V  dis- 
ease. No CMV-re la ted  dea th  or graft loss occurred in pa- 
t ients  in w h o m  t r e a t me n t  of C M V  disease was no t  d e e m e d  
necessary. 
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Table 2. Clinical manifestations and duration of therapy in ten patients with 14 episodes of suspected severe CMV disease. F, Fever; A, arth- 
ralgia; H, hepatitis; L, leukopenia; Th, thrombocytopenia; P, pulmonary symptoms; p, pericarditis; R, renal dysfunction; G, gastrointestinal 
symptoms 

Patient Period of disease (days Symptoms Period of treatment Remarks 
No. after transplantation) (days after transplantation) 

1 37-53 E A, H, Th 45-63 

1 a (75-80) F, R 77-86 

2 38-73 F, A, H, Th 49-74 

3 58-72 F, p, H 63-72 

4 38-53 F, R 43-57 

4 a 78-81 F, R 80-93 

4 b 135-136 F 136-150 

5 81-88 F, P 84-96 

6 33-35 K A 35.47 

7 31-33 K G 32-46 

8 72-80 F, P 79-107 

8 a 123-127 F, L, Th 126-140 

9 197-214 F, R, G, H, L, Th 212-225 

10 33-42 F, A, H 41-54 

Slow onset of therapeutic response 

Symptoms caused by rejection 

Concomitantly treated with hyperimmune 
globulin; fatal infection 

Concomitant fungal infection 

Slow onset of therapeutic response; relapsed 
after discontinuation of treatment 

Relapsed after discontinuation of treatment 

Relapsed after discontinuation of treatment 

Concomitantly treated with hyperimmune 
globulin 

Relapsed after discontinuation of treatment 

CMV antigenemia levels in untreated and treated patients 

CMV antigenemia levels were generally low (<  10 per 
50000 leukocytes) before the onset of symptoms but rose 
to high levels during the period of CMV disease. In un- 
treated patients with primary infection, maximal anti- 
genemia levels rose to a median of 70 (range 2-437) posi- 
tive cells per 50000 leukocytes. Clinical improvement,  
accompanied by decreasing antigenemia levels, occurred 
simultaneously with the rise in CMV antibodies. 

In patients treated for primary CMV infection, mean 
antigenemia levels were 46 (range 5-921) positive cells at 
the onset of treatment,  comparable to those of untreated 
patients. However, these levels were still rising in most 
patients and many of them had no evidence of antibody 
responses at the onset of treatment.  

CMV antigenemia levels in the single patient treated 
for secondary infection were higher (308 positive cells) 
than in untreated symptomatic or asymptomatic CMV in- 
fection [3 (range < 1-94) positive cells versus < 1 (range 
0-282) positive cells, respectively]. No clear influence of 
donor serostatus on outcome of secondary CMV infection 
was evident, but donor  serology was available for only 
32 % of these patients. 

Effect of  ganciclovir treatment on clinical symptoms 

Clinical efficacy of ganciclovir could be evaluated in 12 of 
the 14 courses of t reatment (Table 2). Before treatment,  
symptoms of disseminated CMV infection were present in 
all, often accompanied by signs of organ involvement. 
After  the initiation of antiviral therapy, rapid improve- 
ment occurred in 9 of the 12 evaluable courses, as evi- 
denced by the disappearance of symptoms and signs of 
disease within 1-5 days. In 2 courses recovery occurred 

only slowly (after 9 and 11 days) and response was mini- 
mal in 1 course: this patient died from CMV-related 
gastrointestinal hemorrhage after 25 days of treatment. 

The clinical response to treatment could not be com- 
pletely evaluated in two courses. In one course, symptoms 
were caused by rejection, while in the other coexistent dis- 
seminated fungal infection impeded analysis of the con- 
tribution of ganciclovir to recovery. Virological responses 
during both courses have been included in the analysis, 
however. 

Effect of ganciclovir on CMV antigenemia (Table 3) 

At the onset of antiviral treatment,  CMV antigenemia 
levels were mostly high and rapidly rising. During 10 of 
the 14 courses of treatment,  the number of antigen-posi- 
tive cells dropped sharply within the 1st week, while in the 
remaining 4 courses (patient nos. 1, 2, 4, and 7) CMV anti- 
genemia continued to rise and decreased only during the 
2nd or 3rd week of treatment. CMV antigenemia became 
undetectable on at least one occasion during 7 of the 
14 courses, after a median of 12 (range 7-21) days of ther- 
apy In the remaining 7 courses, generally low levels of 
antigen-positive cells remained present. 

Clinical responses were evaluable in eight of the ten 
courses associated with a rapidly occurring decrease in 
CMV antigenemia level. In these courses, recovery oc- 
curred a median of 2 (range 1-5) days after initiation of 
therapy. 

In one of the four courses associated with initially rising 
CMV antigenemia levels (patient no.7), symptoms had 
disappeared after the 2nd day of treatment. In the other 
three courses, symptoms persisted for 9, 11, and 25 days, 
respectively. 
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Table 3. Effect of treatment with ganciclovir on CMV antigenemia and viral isolation. A, CMV antigenemia; BC, blood culture; UC, urine cul- 
ture; c:~ treatment period; ctd, continued 

Patient Method Days before/after onset of treatment 

No. -10 -5 0 5 10 15 20 25 30 

1 <1 <1 A 
BC 
UC 

1 A A 
BC 
UC 

2 A 
BC 
UC 

3 A 
BC 
UC 

4 A 
BC 
UC 

4 A A 
BC 
UC 

4 B A 

BC 
UC 

5 A 
BC 
UC 

6 A 
BC 
UC 

7 A 
BC 
UC 

8 A 
BC 
UC 

8 A A 
BC 
UC 

9 A 
BC 
UC 

10 A 
BC 
UC 

10 A 
(ctd) BC 

UC 

0 
+ 

<1 
+ 

11 
+ 

4 
+ 

2 
+ 

+ 

59 
§ 

97 
+ 

+ 

45 

227 
+ 

0 

1 
+ 

4 

m 

4 
+ 

123 

40 
+ 

<1 3 
+ 

135 
+ 

921+ [ 

17[ 
347 
+ 

+ 

50 150 
+ 

+ 

3O8 
+ 

+ 

3 

3 14 
+ 

138 
+ 

+ 

5 13 
- -  + 

8 39 
+ + 

+ 

17 46 
+ 

47 27 
+ 

77 98 4 0 < 1 0 
-}- _ _ _ 

_ _ _ } _  _ 

<1 <1 4 8 2 1 <1 
-}- _ _ 

t 263 282 348 66 5 

<1 <1 

37 139 79 27 

2 0 6  77 15 2 

37 14 5 1 

106 < 1 - - 

5 0 0 0 

71 154 113 23 

37 7 6 5 

<1 <1 
+ 

110 40 13 

5 2 

<1 

4 3 3 
+ 

0 < 1 0  
- -  + + 

< 0 0 

12 3 - 

+ 

12 0 < 1 

13 1 

7 3 

0 

<1 

- 1 

97 
+ 

+ 

- 2 1 40 
+ 

3 
+ 

<1 

+ 

<1 <1 

8 
+ 

-t- 

<1 2 

29 

Changes  in C M V  an t igenemia  levels  dur ing  the  1st 
week  of  t r e a t m e n t  pa r a l l e l ed  the  cl inical  r e sponse  in 11 of  
12 eva luab le  cases 0 (  = 4.5, dr= 1, P < 0.05). 

In  the  pa t i en t  wi th  c o m b i n e d  C M V  and  fungal  infec- 
t ion (no.3) ,  an t i genemia  levels r ap id ly  d r o p p e d  u n d e r  
an t iv i ra l  therapy.  F e v e r  pe r s i s t ed  for  10 days  af te r  ini t ia-  
t ion of  ganciclovir.  This  d e l a y e d  d i s a p p e a r a n c e  of  symp-  
toms  might  have  b e e n  caused  by  the  slow re sponse  to  anti-  
fungal  drugs.  

Viral isolation during treatment with ganciclovir (Table 3) 

Viremia  was p re sen t  b e f o r e  the  onse t  of  t r e a t m e n t  in 14 
and v i rur ia  in 6 courses .  Dur ing  t r e a tme n t ,  on ly  2 of  31 
b l o o d  cul tures  and  2 of  24 ur ine  cul tures  were  posi t ive:  
cul tures  b e c a m e  rap id ly  nega t ive  in pa t ien ts  with b o t h  
r ap id ly  and  s lowly occurr ing  cl inical  responses .  B l o o d  
samples  b e c a m e  cu l tu re -nega t ive  even when  C M V  anti-  
g e n e m i a  levels  were  still high: 11 of  13 b l o o d  cul tures  f rom 



105 

samples with more than ten antigen-positive cells per 
50000PMNs remained negative, whereas in untreated 
patients such levels of antigenemia are associated with 
positive cultures in more than 70 % of all cases (data not 
shown). 

Antigenemia viremia after treatment: differentiation 
of  relapse from other infections or rejection 

Renewed symptoms after cessation of antiviral therapy 
occurred in seven courses. Relapse of CMV disease was 
diagnosed in four of these seven courses (patient nos. 4- 
twice-8, and 10). All relapses were accompanied by rises 
in antigenemia levels. Shortly before the onset of symp- 
toms of CMV relapse, antigenemia levels were 97, 50, 13, 
and 40 positive cells, respectively. In three cases renewed 
treatment with ganciclovir rapidly resulted in reduced 
antigenemia levels and clinical recovery. Spontaneous re- 
covery occurred in the remaining case. 

Although CMV antigenemia was often present for 
many weeks or even months after treatment in patients 
without relapse of CMV disease, the number of antigen- 
positive cells never rose above 8 per 50000 PMNs in such 
cases. 

Viremia recurred in all four relapsing patients but was 
also present after six of nine evaluable courses of treat- 
ment without clinical relapse. 

In three cases, renewed symptoms were accompanied 
by low numbers of antigen-positive cells. In patient no. 1, 
fever and declining renal function were initially thought to 
be caused by relapsing CMV disease. However, treatment 
with ganciclovir reduced antigenemia levels to even lower 
levels, while fever continued and renal function declined 
further. At that moment, renal biopsy showed interstitial 
rejection, and treatment with methylprednisolone rapidly 
led to the disappearance of fever and the recovery of graft 
function. Symptoms were caused by Staphylococcus aure- 
us sepsis in patient no. 3 and vascular rejection in patient 
no. 8, respectively. 

Thus, in patients with renewed symptoms after anti- 
viral treatment, CMV antigenemia levels were helpful in 
differentiating between relapse of CMV disease and other 
causes of symptoms. 

Discussion 

In previous studies, we and others have demonstrated that 
the CMV antigenemia assay is a reliable tool for the early 
detection of CMV infection and for the identification of 
patients at risk for severe CMV disease [1-3, 7, 8]. We now 
report on the value of antigenemia during treatment of 
severe CMV disease. Although antigenemia ultimately 
declined in all patients, the kinetics of this response were 
different in patients with rapid and slow clinical recovery, 
and changes in the number of antigen-positive leukocytes 
closely paralleled clinical responses to treatment. Relap- 
ses of CMV disease were accompanied - and, in fact, 
preceded - by increasing antigenemia levels. These data 
support the notion that antigenemia is a marker of the 
momentary viral load and suggest that the assay can be 
used to measure the effect of antiviral treatment. 

Management of CMV disease may be relatively 
straightforward in some patients who show rapid clinical 
improvement and are cured by a standard 2-week course of 
treatment. However, as is evident from this and other 
studies, complicating factors are present in a significant 
number of patients. These are: (1) slow or absent response, 
(2) CMV relapse, and (3) superinfection or rejection. 
Monitoring antigenemia will be valuable in determining 
optimal management, especially in these "difficult" cases. 

When no clinical improvement occurs despite antiviral 
therapy, rising antigenemia levels would suggest continued 
CMV disease activity, while decreasing levels would re- 
duce the likelihood of CMV being the cause of symptoms 
and lead one to search for other infections or allograft re- 
jection. In combination with drug levels, CMV antigen- 
emia might provide insight into the mechanism of treat- 
ment failure. High numbers of antigen-positive cells in the 
presence of low drug levels would suggest underdosage, 
while high drug levels would be expected in cases of drug re- 
sistance. Unfortunately, drug sensitivity could not be deter- 
mined at the time we treated the patient with fatal CMV in- 
fection. However, because viremia disappeared while the 
patient was under treatment, complete resistance to ganci- 
clovir seems unlikely. Moreover, ganciclovir resistance 
generally develops only after several months of therapy [9]. 

Ganciclovir only temporarily interrupts viral replica- 
tion; it cannot induce latency. Thus, clinical relapse may 
follow discontinuation of treatment and has been re- 
ported to occur in 20 % of cases [10]. Monitoring antigen- 
emia after treatment is useful for early detection (and 
possibly for pre-emptive treatment) of relapsing CMV 
disease because antigenemia levels higher than 8 per 
50 000 PMNs occurred only in association with clinical re- 
lapse. Conversely, renewed symptoms in the presence of 
low numbers of positive cells should prompt a search for 
alternative causes. 

Relapses after discontinuation of ganciclovir occurred 
irrespective of the initial antigenemia response. This is not 
surprising since the effect of treatment on viral replication 
is primarily determined by susceptibility of the viral stain 
in combination with ganciclovir levels, whereas host im- 
munity is necessary to maintain latency after stopping 
treatment. It is our impression that relapses of primary 
CMV disease occur in patients having quantitatively low 
IgG responses against CMV after the initial IgM response. 
This will be an important subject for further study because 
it may provide a way to individualize antiviral therapy. 

The effects of ganciclovir on CMV antigenemia and 
viral isolation were quite different. Even in patients with a 
rapid clinical response to ganciclovir, it took at least 1 week 
for antigenemia to disappear completely (in fact, CMV re- 
mained present during 7 of 14 courses), while 6 of 8 blood 
cultures were negative on day 3 and 14of 16were on day 7, 
which is in line with observations by Ravello et al. [20]. 

Negativity of viral isolation under antiviral therapy was 
an early marker of ultimate recovery from infection, ex- 
cept in the patient with fatal infection. However, close 
monitoring of CMV antigenemia provided valuable addi- 
tional information, as discussed earlier. 

Detection of viremia in both rapid and conventional 
cultures relies on complete viral replication, while infec- 
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tion of PMNs in vivo is limited to the immediate  early (IE) 
stage [6]. Ganciclovir interrupts viral D N A  synthesis, 
which occurs during the late (L) stage, but does not in- 
fluence the earlier stages of replication. Thus, viral isola- 
tion will be inhibited but expression of IE  antigens in 
PMNs will not be directly influenced. The gradually de- 
clining number  of antigen-positive leukocytes during anti- 
viral t reatment  probably reflects the reduced amount  of 
infectious virus formed elsewhere in the body. It should be 
noted that persistence or reappearance  of viremia during 
ganciclovir t reatment  has been  documented to occur: this 
was associated with poor  therapeutic responses and 
should probably be regarded as a manifestation of high- 
grade drug resistance [12, 17]. 

The close correspondence between clinical response 
and antigenemia pattern,  which we also observed in liver 
and cardiac transplant patients, suggests that in at least 
these groups of patients, clinical improvement  is mediated 
by the interruption of CMV replication. This is in contrast 
to observations in allogenic bone marrow transplant 
patients with CMV pneumonitis,  in whom progressive 
respiratory dysfunction and death occurred despite elimi- 
nation of CMV from cultures of respiratory secretions and 
other body fluids [23]. It  is tempting to speculate that in 
these patients CMV triggers immunopathological  mech- 
anisms (e. g., recruitment of CD4 + lymphocytes or com- 
plement  activation) that are relatively independent  f rom 
active virus replication [15, 26]. 

No controlled studies on the effect of ganciclovir on 
severe CMV disease in solid organ transplant recipients 
have been repor ted to date and so the efficacy of the drug 
cannot be regarded as proven. Although this study was 
not intended to examine the therapeutic usefulness of 
ganciclovir, our data present new evidence of its efficacy. 
The close correlation between changes in CMV antigen- 
emia levels and clinical response during antiviral treat- 
ment  strongly suggests that these improvements  were in- 
deed caused by ganciclovir. 

In conclusion, monitoring of antigenemia during treat- 
ment  of severe CMV .infection is useful for early identifi- 
cation of patients with insufficient responses, for analysis 
of the mechanisms of t rea tment  failure, and for detection 
of relapse. Close monitoring, using both antigenemia 
assay and host immune responses (e. g., by serology), may  
prove that a fixed t reatment  period of 14 days of ganci- 
clovir may be too short for some patients, too long for 
others (i. e., patients with rapid clearance of C M V  and a 
brisk immune response), and just right for still others. Ul- 
timately, this may lead to "tai lor-made" antiviral therapy. 
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