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Abstract
Background - New rapid diagnostic tech-
niques offer the opportunity of early diag-
nosis of human cytomegalovirus (CMV)
infection inimmunocompromised patients
at risk ofdeveloping CMV disease. The use
of human CMV antigenaemia as a pre-
dictorofclinicalCMVinfection and disease
in lung and heart transplant recipients was
studied prospectively.
Methods - Twenty three heart and nine
lung transplant recipients who survived 40
days were observed by standard CMV sur-
veillance with serological testing, culture,
and by sequential testing for CMV anti-
genaemia. CMV antigenaemia testing is a
rapid and quantifiable technique in which
a viral lower matrix protein is detected in
cytospin preparations of peripheral blood
polymorphonuclear leucocytes (PMNLs)
by immunofluorescent staining.
Results - Eleven patients developed CMV
infection and five developed CMV disease
(four pneumonitis, one duodenitis). These
clinical events occurred at a median of 65
days following transplantation. CMV anti-
genaemia occurred in 17 patients at a me-
dian of 35 days following transplantation.
Detection of CMV antigenaemia had a
sensitivity of 100%, a specificity of 93 7%,
and a positive predictive value of94-1% for
CMV related illness. CMV antigenaemia
was positive at a significant interval before
the clinical event. High levels of CMV
antigenaemia (>50 CMV antigen positive
cells/2 x IO05PMNLs) occurred in 11 patients
and five of these developed disease. CMV
antigenaemia of>50 CMV antigen positive
cells/2 x 105 PMNLs had a positive pre-
dictive value of45 '5% for disease but a neg-
ative predictive value of 100%. Patients
with disease had higher levels of antigen-
aemia than those without disease.
Conclusions-CMVantigenaemia is arapid
diagnostic technique which can identify

patients likely to develop CMV disease,
potentially allowing early treatment.
(Thorax 1995;50:9-13)

Keywords: cytomegalovirus, heart transplantation, lung
transplantation.

Human cytomegalovirus (CMV) infection
causes significant morbidity and mortality in
lung and heart transplant recipients. In addition
to the direct effects of infection such as CMV
pneumonitis, the infection is also associated
with direct immunopathological effects in-
cluding superinfection from bacterial and
fungal organisms,l graft rejection and failure,2 3
and possibly obliterative bronchiolitis.4 These
serious problems have prompted the use of
antiviral prophylaxis in both lung5 and heart6
transplant recipients, but with questionable ad-
vantage because of the high cost and the mor-
bidity of current prophylactic regimens and
because the benefit is not yet substantial.67 The
clinical problems caused by CMV infection
are compounded by the fact that the standard
diagnostic techniques of serology and culture
often allow only a retrospective diagnosis to
be made, prompting the need for histological
confirmation ofCMV disease. New rapid diag-
nostic techniques might allow the clinician to
predict which patients are at greatest risk from
CMV, allowing early targeted treatment. CMV
antigenaemia testing, which involves the de-
tection of CMV lower matrix phosphoprotein
in peripheral blood polymorphonuclear leu-
cocytes (PMNLs) using a monoclonal anti-
body, is one such technique and has the
advantage of being rapid and quantifiable.89
The purpose of this study was to assess the
feasibility and clinical utility of serial moni-
toring of CMV antigenaemia for predicting
illness and pneumonitis in thoracic transplant
recipients.

9Thorax 1995;50:9-13
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Table 1 Diseaseloperation profile ofpatients (n= 32)
No. ofpatients Disease Operation

11 Ischaemic heart HTX
disease

9 Congestive HTX
cardiomyopathy

3 Valvular heart disease HTX
1 Bronchiectasis HLTX
2 Cystic fibrosis DL
3 Emphysema SL
2 Fibrosing alveolitis SL
1 Eisenmenger's HLTX

HTX= heart transplantation; DL= double lung trans-
plantation; SL= single lung transplantation; HLTX =heart/lung
transplantation.

Methods
PATIENTS
Thirty eight patients received thoracic allografts
between December 1992 and August 1993 of
whom six died (three haemorrhage, two graft
failure, one graft failure and sepsis) in the early
postoperative phase. Thirty two who survived
for more than 40 days were included in the
study. Signed informed consent was obtained.
Twenty three patients underwent cardiac trans-
plantation and nine underwent lung trans-
plantation for end stage respiratory disease
(table 1). All patients received intravenous
methylprednisolone and azathioprine 4 mg/kg
as induction immunosuppression. In addition,
all heart recipients, heart-lung recipients, and
one single lung recipient (26 of the 32 patients)
received rabbit antithymocyte globulin,
1 mg/kg for three days, for induction of
immunosuppression. For maintenance
immunosuppression all received cyclosporin,
azathioprine 2 mg/kg, and prednisolone.

Cardiac graft surveillance was undertaken by
myocardial biopsy at weekly intervals for six
weeks and two-weekly until three months.
Graft rejection was graded according to in-
ternational classification.'0

ROUTINE CMV SURVEILLANCE
The CMV antibody status of the organ donor
and recipient was determined before trans-
plantation (CMV scan; Becton Dickenson).
Postoperative CMV surveillance involved rou-
tine virus culture and serological examination.
Throat swabs and urine were inoculated onto
human embryonic fibroblasts and examined for
cytopathic effect. CMV specific IgG and IgM
antibody were detected by enzyme immuno-
assay." Surveillance specimens were collected
on the first postoperative day and then weekly
for six weeks, two-weekly until week 12, and
monthly thereafter.

All nine lung transplant recipients underwent
surveillance bronchoscopy, bronchoalveolar
lavage, and transbronchial biopsy routinely at
one, two, and three months following surgery
and also if unexplained symptoms, signs, or
a change in spirometric parameters occurred.
Bronchoscopy, transbronchial biopsy, and
bronchoalveolar lavage were undertaken in 10
of 24 heart transplant recipients for possible
CMV pneumonitis. Bronchoalveolar lavage
specimens were examined for CMV by the
detection of early antigen fluorescent foci
(DEAFF test) using a monoclonal antibody
(6A2 anti-immediate early gene product)'2 in

addition to routine culture. All patients with
gastric related symptoms underwent endo-
scopic examination and biopsy.

END POINT DEFINITIONS
Patients were assigned to categories of CMV
"asymptomatic infection", "symptomatic in-
fection", or "disease" on the following criteria:
1. Asymptomatic CMV infection was defined

as a positive culture for CMV from a non-
peripheral site (bronchoalveolar lavage), a
positive IgM antibody result (>4 units IgM),
or both.

2. Symptomatic CMV infection was defined
as unexplained pyrexia with or without a
50% fall in the white cell count, or a 2-5
fold increase in serum transaminases (in the
absence ofhistological evidence ofhepatitis)
in the presence of a positive IgM result (>4
units IgM) and/or a positive bronchoalveolar
lavage DEAFF test, or both.

3. Human CMV disease was defined as histo-
logical evidence ofend organ damage caused
by the virus.

CMV ANTIGENAEMIA
EDTA blood samples (5ml) for detection of
CMV antigenaemia were collected at the time
of routine CMV surveillance and rapidly trans-
ported to the virology laboratory. Samples
which did not reach the laboratory within five
hours were considered unsuitable. Cytospin
preparations of dextran enriched PMNLs were
obtained, and incubated with the monoclonal
antibody (mouse monoclonal antibody IC3
anti-CMV pk 65, Biosoft, TCS Biologicals Ltd,
Boltolph Claydon, Bucks, UK) followed by
immunofluorescence staining, and the number
of antigen positive cells per 200 000 PMNLs
counted using fluorescence microscopy"' (fig
1). A level of>50 antigen positive cells/200 000
PMNLs was considered to be "high level"
antigenaemia.

DRUG TREATMENT
Antiviral therapy was administered only after an
end point clinical definition had been reached,
with the exception of two patients at high risk
of developing disease who received ganciclovir
because of high levels of antigenaemia as-
sociated with pyrexia. The drug schedule for
ganciclovir was 5 mg/kg 12 hourly for 21 days
in the presence of CMV disease or at the
discretion of the clinician for symptomatic in-
fection.

STATISTICAL ANALYSIS
Only CMV antigenaemia levels before the oc-
currence of a clinical end point or before gan-
ciclovir was administered were used in the
analysis. Differences in the antigenaemia levels
between groups were analysed by the Mann-
Whitney U test. The differences between time
events were analysed by the Wilcoxon rank test.
For all analyses the confidence intervals were
set at 95%. Sensitivity, specificity, and pre-
dictive values were calculated as detailed else-
where. '4

10

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.50.1.9 on 1 January 1995. D

ow
nloaded from

 

http://thorax.bmj.com/


Detection of human cytomegalovirus antigenaemia

Figure 1 Peripheral blood polymorphonuclear leucocyte stained with a fluorescent labelled
monoclonal antibody to cytomegalovirus 65 kDa lower matrix phosphoprotein (human
CMV antigenaemia).

Table 2 Human CMV serological status according to transplant and antigen result

Serological status Heart Lung Antigen Antigen
transplant transplant positive negative

D+R+ 7 2 9 0
D-R- 9 3 0 12
D+R- 4 0 2 2
D-R+ 3 4 6 1
Total 23 9 17 15

CMV = cytomegalovirus; R = recipient; D = donor; + =CMV seropositive; -=CMV sero-
negative.
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Results
Nine patients studied were CMV seropositive

infection resulted in 16 patients being diag-
nosed as having CMV related illness (one
asymptomatic infection, 10 symptomatic in-
fection, and five disease) and 16 as being free
of CMV related illness (fig 2). A clinical diag-
nosis of CMV related illness was made at a
median of 65 days (range 19-142) following
transplantation (table 3).
Two of the nine lung transplant recipients

developed CMV pneumonitis; the remaining
seven showed no histological evidence of the
disease. Two heart transplant recipients had
histological evidence of pneumonitis. Of the
eight other heart recipients who underwent a
transbronchial biopsy, one had CMV inclusion
bodies but no pneumonitis (patient 17), and
one had a positive bronchoalveolar lavage
DEAFF test (patient 2); the remainder showed
no evidence of CMV. Three patients who
underwent endoscopy and gastric biopsy
showed no evidence of CMV gastritis. No
patient underwent liver biopsy.

Seventeen patients developed CMV anti-
genaemia at a median of 35 days (range 13-93)
following transplantation (table 3). This in-
cluded all 16 patients with conventionally dia-
gnosed CMV illness and one patient (patient
1) with no clinical evidence of CMV illness by
conventional testing (table 4) but who de-
veloped an otherwise unexplained pyrexia. The
remaining 15 patients had negative CMV anti-
genaemia and none of these developed CMV
related illness (fig 2).
Twelve of the 15 CMV antigen negative

patients were D - R- (table 2). The remaining
three were "high risk" patients; two D +R-

recipients (R +) whose donors were CMV sero- heart transplant recipients who received im-
positive (D+). Twelve seronegative recipients munoglobulin prophylaxis and one D-R+
were matched with seronegative donors lung transplant recipient who received no pro-
(D-R-). Four seronegative recipients re- phylaxis (table 2).
ceived grafts from seropositive donors CMV antigenaemia was detected at a time
(D+R-) and received CMV hyper- (n= 17, median 35 days, range 13-93) sig-
immunoglobulin 100 mg/kg on days 1, 7, 14, nificantly before a clinical event related to CMV
21, 28, and 49 following transplantation.'5 occurred (n= 16, median 65 days, range 19-
Seven seropositive recipients had CMV sero- 142) (median difference = 28 days, p<0 005).
negative donors (D -R+) (see table 2 for de- CMV antigenaemia was also positive before a
tails). response in IgM serology (n= 13, median 64

Conventional diagnostic methods for CMV days, range 28-167) (median difference = 30
days, p<001).

In this study CMV antigenaemia had a sens-
itivity of 100% and a specificity of 93 7% for
infection, with a positive predictive value for
CMV infection of 94 1-%.

*< Eleven patients developed high level anti-
< genaemia (>50 positive antigen cells/2 x 105

-o | PMNLs). Of these five had CMV disease, five
S had symptomatic infection, and one did not

__________________________________*have CMV illness by the conventional defin-
* itions (table 4). High level CMV antigenaemia

was detected at a median of 14 days (range
2-44) before the onset of disease (four pneu-

00*-monitis, one duodenitis).
(n=15)O The CMV antigenaemia levels were sig-
No infection Asymptomatic Symptomatic Human CMV nificantly higher in the five patients with disease

(n=16) infection infection d(n=a5)e (median = 200 cells/2 x 105 PMNLs, range
73-2647) than in the 27 patients without dis-

Human CMV antigenaemia in relation to diagnostic group. * =two patients ease (median = 0 cells/2 x 105 PMNLs, range
likely to develop the disease who received ganciclovir; 0= one patient with 0-1386) (median difference = 200 cells
ned fever in whom conventional tests for human CMV were negative. Symbols p0.005) Thed fivep ents wih i ea lso
e line represent >50 human CMV antigen positive cells/2 x lO5 p<0 005). The five patients with disease also
honuclear leucocytes. had significantly higher levels of antigenaemia

.)

._

C)
C

0

C

E

C)
0

Figure 2
thoughtl
unexplai;
above th
polymorp

1 1

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.50.1.9 on 1 January 1995. D

ow
nloaded from

 

http://thorax.bmj.com/


Egan, Barber, Lomax, Fox, Yonan, Rahman, Campbell, Deiraniya, Carroll, Craske, Turner, Woodcock

Table 3 Time frame of antigen positive patients

Patients Operation Clinical definitions Days to Days to Days to
antigen clinical event IgM change

1 HTX No infection 33 No event Negative
2 HTX Asymptomatic infection 59 104 Negative
3 HTX Symptomatic infection 61 89 167
4 HTX Symptomatic infection 19 19 33
5 HTX Symptomatic infection 21 25 28
6 HTX Symptomatic infection 18 46 60
7 HTX Symptomatic infection 93 142 121
8 HTX Symptomatic infection 13 66 80
9 HTX Symptomatic infection 16 51 69
10 HLTX Symptomatic infection 58 70 49
11 SL Symptomatic infection 34 78 Negative
12 SL Symptomatic infection 35 105 Negative
13 SL Pneumonitis 65 54 118
14 SL Pneumonitis 50 83 93
15 HTX Pneumonitis 29 58 36
16 HTX Pneumonitis 50 64 64
17 HTX Duodenitis 48 39 41

HTX = heart transplantation; SL= single lung transplantation; HLTX= heart/lung transplantation.

than the 12 antigen positive patients without
disease (median=35 cells/2 x 105 PMNLs,
range 1-1386) (median difference = 151 cells,
p<0 05).
The positive predictive value for CMV dis-

ease with an antigen count of>50 positive cells/
2 x 105 PMNLs was 45 5% and the negative
predictive value was 100%.
Three CMV antigen positive patients died

during the study period; patient 2 from pan-
creatitis and Pneumocystis carinii pneumonia on
day 110, patient 15 from acute cholecystitis
and septicaemia at 86 days, and patient 17 as
a result of graft failure, pancreatitis, and CMV
duodenitis 57 days after transplantation.

Discussion
In immunocompromised transplant recipients
the diagnosis of human CMV infection and
disease using conventional diagnostic tech-
niques is often difficult. Recent advances in
viral diagnostic techniques have made rapid
early diagnosis ofCMV infection possible. The
importance of early diagnosis is emphasised by
the increasing administration of prophylactic
antiviral therapy in different transplantation
populations5616 against the background of the
emergence of ganciclovir-resistant CMV
strains.'"'8
The detection ofhuman CMV antigenaemia

in peripheral blood PMNLs is a rapid and
quantifiable technique that has been used for
the monitoring ofCMV infection in heart trans-

Table 4 Serological results, infection, and quantity of antigenaemia
Patients Serology Clinical events Positive cells (nol2 x 10'

neutrophils)

1 D+R+ No infection 338 (pyrexia)
2 D+R+ Asymptomatic infection 3
3 D +R- Symptomatic infection 111 (ganciclovir)
4 D+R+ Symptomatic infection 18
5 D+R+ Symptomatic infection 53
6 D-R+ Symptomatic infection 68
7 D+R+ Symptomatic infection 558 (ganciclovir)
8 D-R+ Symptomatic infection 1386
9 D-R+ Symptomatic infection 1
10 D-R+ Symptomatic infection 1
11 D-R+ Symptomatic infection 2
12 D+R+ Symptomatic infection 1
13 D+R+ Pneumonitis 73
14 D-R+ Pneumonitis 200
15 D+R+ Pneumonitis 152
16 D+R+ Pneumonitis 2647
17 D+R- Duodenitis 1200

D = donor; R= recipient; + = CMV seropositive;-= CMV seronegative.

plant recipients89 and for the early diagnosis of
CMV infection in renal transplant recipients."9

In our patients CMV antigenaemia had a
sensitivity of 100% and a specificity of 93-7%
for infection as defined by conventional diag-
nostic techniques (CMV specific IgM, positive
bronchoalveolar lavage DEAFF test). One
patient (patient 1, table 4) with pyrexia in
association with peripheral blood antigenaemia
was not defined as having a CMV related event
as he failed to demonstrate evidence ofinfection
using conventional diagnostic techniques. In
view of the strict end point definitions we may
have underestimated the specificity of CMV
antigenaemia.

In addition to high sensitivity and specificity
for CMV infection, antigenaemia offers two
further advantages. Firstly, it occurs sig-
nificantly before the onset of clinical symptoms
and serological changes. Secondly, measure-
ment of levels of antigenaemia may allow the
clinician to predict patients most likely to de-
velop CMV disease.

Invasive diagnostic techniques are currently
needed to confirm or exclude CMV disease,
but quantifiable techniques such as CMV anti-
genaemia could allow clinicians to be more
selective as to which patients are subjected to
biopsy or treated blind with antiviral therapy.
High level antigenaemia (>50 cells/2 x 105
PMNLs) had a positive predictive value of45%
and a negative predictive value of 100%. The
importance ofthe high negative predictive value
is emphasised by the absence of CMV anti-
genaemia in two seronegative heart transplant
recipients whose donors were seropositive and
one seropositive lung recipient whose donor
was seronegative (table 2). These three patients
were at high risk of developing CMV related
illness and the heart transplant recipients re-
ceived immunoglobulin prophylaxis. As neither
of the heart recipients subsequently developed
CMV infection it is possible that the donor
serological results may have been falsely pos-
itive. The clinical application of CMV an-
tigenaemia in these cases would have allowed
the antiviral therapy to be withheld in the
absence of viraemia, thereby reducing drug
costs and morbidity.
The early administration oftargeted antiviral

therapy in the presence ofCMV antigenaemia
may obviate the need for expensive blanket

12
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prophylactic regimens, provided this can be
shown to mitigate effects of the disease. Two
of the six patients with high level antigenaemia
who did not develop CMV disease (patients 3
and 7, table 4) were considered to be high risk
patients and, as a result, received ganciclovir
when high level antigenaemia was detected in
association with a pyrexia. Patient 3 was a
CMV mismatch D +R- who became antigen
positive despite receiving hyperimmuno-
globulin and patient 7 had life threatening
cardiac rejection. Despite the high level of anti-
genaemia, neither of these patients went on to
develop CMV disease following the ad-
ministration of gangiclovir. We suspect that, in
the absence of specific antiviral therapy, these
two patients would have developed CMV dis-
ease resulting in increased positive predictive
values and higher specificity of "high level"
antigenaemia for diagnosing disease.
High level antigenaemia should be in-

terpreted against the background of the donor
and recipient serological results. In a further
two of the six patients with high level anti-
genaemia but no CMV disease (patients 6 and
8, table 4) the donors were seronegative sug-
gesting that the viraemia may have represented
reactivation of "endogenous" recipient virus
with a resulting milder infection.20
When evaluating the published literature on

CMV in transplant recipients it is difficult to
compare different transplant programmes be-
cause of differing immunosuppression re-
gimens and the use of various definitions as to
what constitutes CMV infection or disease.2'
We therefore used an aggressive policy of ac-
quiring tissue for confirmation ofdisease. Nine-
teen of the 32 patients (10 of the 23 heart
transplant recipients and all of the lung re-
cipients) had transbronchial biopsies to validate
clearly either CMV disease or symptomatic
infection. As the antigenaemia is quantitative
and has high sensitivity and specificity, it may
provide a new standard for definitions of CMV
related illness. Furthermore, its application
could provide a useful end point in multicentre
studies of CMV prophylaxis where variability
of immunosuppressive regimens occurs.
A major practical difficulty with this diag-

nostic technique is the recommendation that
EDTA samples need to be in the laboratory
within three hours for cytospin preparation to
obtain peripheral blood PMNLs suitable for
immunofluorescent staining. This necessitated
a dedicated transport service to deliver samples
to an offsite virology laboratory.
Human CMV antigenaemia detection is a

technique which can be applied in lung and
heart transplant recipients to predict clinical
illness and could allow clinicians to identify
rapidly patients who may require specific early
antiviral treatment. In an asymptomatic patient
high level antigenaenia should prompt invasive
investigations to acquire tissue for histological
assessment. Furthermore, high level antigen-
aemia should be interpreted against the clinical
background of serological test results and level
of immunosuppression. The preventative
effects of early targeted antiviral treatment for
asymptomatic patients with high levels of

antigenaemia needs further evaluation. Anti-
genaemia also promises to redefine current
diagnostic definitions for CMV infection and
may ultimately dispense with the need for histo-
logical confirmation of the disease.
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