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Hematopoietic stem cell transplant patients are highly susceptible to viral infections. Follow-up after transplantation includes
weekly screening using single, virus-specific real-time PCR tests, mainly for viruses in the families Herpesviridae and Adenoviri-
dae that contribute to a high morbidity, especially in pediatric populations. The Abbott PLEX-ID platform combines broad-
range PCR with electrospray ionization mass spectrometry to enable the simultaneous detection of multiple pathogens in a sin-
gle assay. The Viral IC Spectrum assay detects human adenoviruses, viruses from the family Herpesviridae (herpes simplex virus
1 [HSV-1], HSV-2, cytomegalovirus [CMV], Epstein-Barr virus [EBV], varicella-zoster virus [VZV], and human herpesvirus 8
[HHV-8]), human enterovirus, polyomaviruses (BK and JC), and parvovirus B19. We evaluated the performance of the Viral IC
Spectrum assay with samples from 16 adult and 36 pediatric stem cell transplant patients. The sensitivity of the Viral IC Spec-
trum assay compared to real-time PCR quantification using the adenovirus Rgene kit for the detection of adenovirus was 96.7%
from plasma samples (n � 92) and 78% from stool samples (n � 100). No adenovirus was detected in samples from noninfected
patients (n � 30). PLEX-ID species identification was perfectly concordant with species-specific real-time PCR assays. In plasma
and stool samples, the level of amplified products measured by PLEX-ID and the quantity in copies/ml (r � 0.82 and 0.78, re-
spectively) were correlated up to 6 log10 copies/ml. In 67.4% of adenovirus-positive plasma samples, at least one other viral infec-
tion was detected; these included BK virus (n � 41), CMV (n � 30), EBV (n � 26), JC virus (n � 9), and HSV-1 (n � 6). The re-
sults of this study suggest that the Viral IC Spectrum assay performed on the PLEX-ID platform is reliable for adenovirus
infection diagnosis in immunocompromised patients.

Viral infections are often critical complications after human
stem cell transplantation (1). Adenoviruses (AdV) and

herpesviruses (mainly cytomegalovirus [CMV], Epstein-Barr-
Virus [EBV], herpes simplex virus [HSV], and human herpes-
virus 6 [HHV-6]) are the most frequent and severe causes of
opportunistic infections in these immunocompromised pa-
tients (2–4). Adenoviruses are ubiquitous viruses of the family
Adenoviridae, consisting of seven species (A to G), which in-
clude more than 60 types (5, 6). In hematopoietic stem cell
transplant (HSCT) patients, adenovirus infection contributes
to high morbidity and mortality and has been shown to cause
pneumonia, hemorrhagic cystitis, colitis, pancreatitis, menin-
goencephalitis, and disseminated disease (7–9). The incidence
of adenoviral infection ranges from 8 to 47% in HSCT patients
and has been increasing in recent years (9). Progression to
disseminated AdV disease occurs in an estimated 10 to 20% of
patients with AdV infection, with a high mortality rate of 20 to
80% (4, 9, 10). The detection of adenovirus in blood is highly
predictive of disseminated AdV disease (11).

In pediatric patients, adenoviral infections are even more
problematic than in adults, due to the permanent circulation of
viral particles in the patient population and the frequent
asymptomatic persistence of adenoviruses in the gastrointesti-
nal tract for weeks or months with or without any detectable
replication (9, 12). Following pediatric HSCT, immunosup-
pression may lead to uncontrolled reactivation of digestive ad-
enoviruses that often precede blood dissemination (13, 14).

Thus, in pediatric patients, the ability to rapidly detect AdV in
stool is crucial for monitoring and preemptive treatment. Real-
time PCR assays have therefore become widely accepted for
detection and quantitation of adenovirus in plasma and stool
for monitoring infections following HSCT (9).

Stool from pediatric transplant patients is a source of envi-
ronmental contamination (15) and serves as a reservoir for
indirect transmission. Nosocomial outbreaks of adenovirus
have been reported in pediatric hematologic wards, reinforcing
the need for hygiene and control measures (16, 17). The ability
to type adenoviruses is useful during outbreaks for epidemio-
logical and clinical monitoring. In particular, typing of circu-
lating viruses allows determination of whether viruses respon-
sible for successive or contemporary infections are related to
each other or are independent cases. Species and type identifi-
cation is usually achieved using microneutralization assays
with serotype-specific antisera or by sequencing (1). These as-
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says require several days and must be carried out by highly
trained personnel.

The PLEX-ID platform, which combines broad-range PCR
with electrospray ionization mass spectrometry (PCR/ESI-MS),
recently became available. The Viral IC Spectrum assay has been
developed for use on the PLEX-ID for the detection and identifi-
cation of viruses that cause opportunistic infections in immuno-
compromised patients, including herpesviruses, adenoviruses,
parvovirus B19, the polyomaviruses BK and JC, and enterovi-
ruses. In the present study, we evaluated the performance of the
PLEX-ID Viral IC Spectrum assay in stool and plasma samples
from HSCT adult and pediatric patients.

MATERIALS AND METHODS
Samples. Samples were collected for routine laboratory testing between 3
September 2010 and 5 March 2012 from 52 HSCT recipients with adeno-
virus infection, including 36 children and 16 adults, who were hospital-
ized at the pediatric Robert Debré and Saint-Louis hospitals in Paris. One
hundred stool samples and 92 plasma samples were tested to assess the
sensitivity of PLEX-ID for the detection of adenovirus. To assess the spec-
ificity, 30 adenovirus-negative samples (22 plasma and eight stool sam-
ples) from 19 HSCT patients with no active adenovirus infection were
tested.

All stool and plasma samples were processed by traditional methods
used routinely. When requested by the treating physician, whole-blood
samples were tested for CMV and EBV, and plasma samples were tested
for HSV-1, HSV-2, and varicella-zoster virus (VZV). Nucleic acids were
purified from 200 �l of sample and eluted in 100 �l using the MagNA Pure
LC system (Roche Diagnostics, Mannheim, Germany) with the MagNA
Pure DNA isolation kit (Roche Diagnostics). Before extraction, stool
specimens were prepared by dilution of 0.5 g or 500 �l of stool in 8 ml of
phosphate-buffered saline (PBS). The resulting suspension was subject to
three �20°C freeze-thaw cycles followed by a centrifugation step. The
supernatant was passed through a 0.45-�m filter (Minisart Plus syringe
filters; Sartorius Stedim Biotech GmBH, Goettingen, Germany). Nucleic
acids were extracted from the supernatant.

Ethics statement. The study protocol was approved by the review
board of Hôpital Saint Louis, and the study was carried out in accor-
dance with the Declaration of Helsinki. This study was a noninterven-
tional study with no addition to usual procedures. Biological material
and clinical data were obtained only for standard viral diagnostics
following physicians’ prescriptions (no specific sampling and no mod-
ification of the sampling protocol). Data analyses were carried out
using an anonymized database. According to the French Health Public
Law (CSP Art L 1121-1.1), such protocols are exempt from the need for
informed consent.

Adenovirus detection and typing. Adenoviruses were detected and
quantified with the Adenovirus Rgene kit (bioMérieux/Argene, Varhilles,
France) according to the manufacturer’s instructions (threshold for
quantification, 200 copies/ml). For positive samples, identification of
AdV species A to F was performed using six individual real-time PCR
assays as previously described (18). These assays were carried out on an
ABI 7500 thermocycler (Life Technologies, Carlsbad, CA). Adenovirus
type identification was performed by sequencing hypervariable region 7
(HVR7) of the hexon gene (18).

Herpesvirus detection. HSV-1, HSV-2, and VZV were detected on
plasma samples by using real-time PCR assays on an ABI 7500 thermocy-
cler as previously described (19). Two hundred microliters of plasma was
extracted and eluted in 110 �l using the Qiasymphony system (Qiagen,
Courtaboeuf, France), and 5 �l of nucleic acid eluate was used for the
amplification. CMV and EBV were detected and quantified using the
CMV kit and the EBV kit (Qiagen Hamburg GmbH, Germany), respec-
tively, on the m2000 RealTime platform (Abbott Molecular, Des Plaines,
IL). Extraction and amplification are automated on the platform. DNA

was extracted from 300 �l of EDTA-whole blood and eluted in a final
volume of 150 �l. According to the manufacturer’s instructions, PCR was
carried out in a 96-well plate with a reaction volume of 50 �l containing 20
�l of DNA extract and 30 �l of master mixture. CMV and EBV quantifi-
cation thresholds are, respectively, 200 and 1,000 copies/ml of whole
blood.

PLEX-ID analysis. Samples used for PLEX-ID testing were stored at
�80°C. Nucleic acids were extracted from 300 �l of plasma and stool
supernatant and recovered in 200 �l by using a magnetic-bead-based
method with the PLEX-ID SP instrument (extractor) and PLEX-ID FH
instrument (fluid handler), using the PLEX-ID viral total nucleic acid
preparation kit (all from Abbott Molecular). For each sample, 80 �l of
nucleic acids was distributed by the PLEX-ID FH into 8 reaction wells
of 96-well assay plates. Amplification was performed with the
PLEX-ID Viral IC Spectrum amplification reagent kit (Abbott Molec-
ular, Des Plaines, IL), which was designed to detect the presence of
viral nucleic acids from the major taxonomic groups associated with
opportunistic infections of immunocompromised patients. The assay
employs 14 primer pairs in 8 wells of the assay plate. Of these, the
second well contains primer pair 943, which is specific for the variable
region of the adenovirus hexon gene, and the fourth well contains
primer pair 5155, which is specific for the conserved region of the
adenovirus penton gene (Table 1). Other wells contain primers that
specifically amplify polyomaviruses, human herpesviruses, parvovi-
ruses, enteroviruses, and the extraction control, pumpkin DNA. After
mass spectrometry, the PLEX-ID software converted the mass infor-
mation into base compositions and determined the virus(es) present
in each sample by comparing the base composition signature to a
database. For this study, PLEX-ID results were generated in the de-
tailed research mode, which allows raw data analysis and differentia-
tion of human adenovirus species and genotypes. In contrast, results
generated in the diagnostic mode identify human adenovirus only at
the family level, with no differentiation of species or genotypes.
Though the assay has been validated only for plasma samples, we also
evaluated the performance in stool specimens, as the monitoring of
adenovirus infection in HSCT patients often includes quantification in
stool.

Statistical analysis. Analyses were performed using the statistical R
package (2.15.0) (R Development Core Team, Vienna, Austria; http:
//www.R-project.org). All tests were two-sided at the 0.05 significance
level. Means of PLEX-ID levels were compared using Student’s t test, and
rates of PLEX-ID positivity were compared using chi-squared tests. Cor-
relations between viral loads in copies/ml and PLEX-ID levels were as-
sessed using Pearson’s correlation coefficient.

RESULTS
Population description. A total of 192 adenovirus-positive
(�200 copies/ml) specimens (92 plasma and 100 stool) from 52
HSCT recipients with adenovirus infection (36 children and 16
adults) were tested using the PLEX-ID Viral IC Spectrum assay.
One to 17 samples were collected per patient (median, 2 sam-
ples/patient; mean, 3.7 samples/patient). The viral loads deter-
mined by real-time PCR ranged from 2.56 to 9.76 log10 cop-
ies/ml for plasma samples and from 2.57 to 9.8 log10 copies/ml

TABLE 1 Primer pairs of the Viral IC Spectrum assay targeting
adenovirus gene sequences

Primer
pair

Gene
targeted Direction Sequence

PP943 hexon Forward 5= TTGCAAGATGGCCACCCCATCGAT 3=
Reverse 5= TGTGGCGCGGGCGAACTGCA 3=

PP5155 penton Forward 5=TCGTTCCTGCCCTCACAGATCACG 3=
Reverse 5=TAGGTCCGGCGACTGGCGTCAGT 3=
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for stool samples (Table 2). The adenovirus species represented
included types A (n � 20), B (n � 14), C (n � 119), D (n � 6),
F (n � 6), A�C (n � 9), B�C (n � 9), and undetermined (n �
9). A list of specific types represented in plasma and stool sam-
ples is shown in Table 3.

Analyses of plasma samples. Of the 92 positive plasma sam-
ples tested, with a median viral load of 4.47 log10 copies/ml (inter-

quartile range [IQR], 3.62 to 5.69), 96.7% (89/92) were positive by
PLEX-ID (Table 3). The median viral load for PLEX-ID-negative
samples was 3.1 log10 copies/ml, with a range of 2.6 to 3.2 (Fig. 1).
The positivity rates were 62.2% for the adenovirus primer pair 943
and 100% for the adenovirus primer pair 5155. The mean
PLEX-ID quantification based on primer pair 5155 in samples
that were amplified by primer pair 943 was significantly higher
than adenovirus in samples that were not amplified by primer pair
943 (648.8 [n � 56] versus 214.3 [n � 33]) (P � �1e�4). Primer
pair 943 amplified adenovirus C less effectively (55.1%; 38/69)
than other species (90.0%; 18/20) (P � 0.004).

PLEX-ID analysis showed 100% concordance with a single test
at the species level (A, B, C, D, and F) for positive samples with
single infections. The base compositions obtained with the primer
pairs according to type identification in plasma and in stool are
listed in Table 4. Unequivocally correct type identifications were
made for types 41 (n � 4) and 31 (n � 4). For AdV species B, two
patterns of base composition were found the two primer pairs that
matched more than one type (either 11, 34, and 35 or 3, 7, and 16)
(Table 4). For plasma samples positive for AdV species C by
PLEX-ID (n � 69), a single base composition (A21 G26 C34 T16)
was observed with the primer pair 5155, targeting the penton gene,
for all samples amplified; thus, type could not be distinguished
with this primer. In contrast, of the 38 samples amplified with
primer pair 943, targeting the hexon gene, several base composi-
tions were obtained. Of 19 samples that were identified as type 2
using standard sequence analysis, 8 were correctly typed by the
PLEX-ID assay. Type 5 samples (n � 4) were all correctly identi-

TABLE 2 Frequencies of adenovirus loads in plasma and stool
specimens using a quantitative real-time PCR assaya

Viral load (log10 copies/ml)

% of specimens

Plasma Stool

�3 6.5 7.0
�3 and �4 28.0 23.0
�4 and �5 29.0 17.0
�5 36.5 53.0
a Data were obtained with an adenovirus Rgene kit (Argene, Varhilles, France).

TABLE 3 PLEX_ID results in adenovirus-infected plasma and stool
samples by viral species and typea

Species Type

No. of specimens

Plasma Stool

TotalcTotal PLEX-ID �b Total PLEX-ID �b

A 12 4 4 4
31 4 4 12 12 16

B 3 1 1 1
7 4 4 4
11 1 1 1
Undetd 6 6 2 1 8

C 1 11 11 16 9 27
2 40 38 27 21 67
5 8 8 8 6 16
6 3 3 1 1 4
Undet 1 1 4 2 5

D 56 1 1 1
Undet 5 5 5

F 41 4 4 2 1 6

A�C A31�C1 6 5 6
A31�C2 3 3 3

B�C B3�C1 7 7e 2 2 9

Undet 2 1f 7 9

Total 92 89 100 78 192
a The species were determined with 6 single real-time PCR assays, one each targeting
species A, B, C, D, E, and F (18, 19). The types were determined using sequencing of
hypervariable region 7 (HVR7) of the hexon gene (18, 21).
b Plasma or stool samples were positive for human adenovirus with the Viral IC
Spectrum assay on the PLEX-ID system.
c Total of plasma and stool samples analyzed in the study.
d Undet, undetermined. Either the amplification for species identification was negative,
or it was positive but HVR7 sequencing was negative or was positive but unable to
discriminate between several types.
e Only adenovirus species C was identified by PLEX-ID.
f Adenovirus species C was identified by PLEX-ID.

FIG 1 Adenovirus load for PLEX-ID-negative and -positive samples. Adeno-
virus loads, in log10 copies/ml, determined by quantitative real-time PCR (bio-
Mérieux/Argene, Varhilles, France) are plotted against negative (open sym-
bols) and positive (closed symbols) PLEX-ID results in plasma (circles) and
stool samples (diamonds).
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fied by PLEX-ID. In other samples, the base compositions
matched several types. PLEX-ID was able to identify AdV C spe-
cies in a plasma sample with a low viral load for which the species
could not be determined by routine techniques. Three type C6
samples were identified as C5 by PLEX-ID, as the base composi-
tions were identical, showing that discrimination between types
C5 and C6 is not accurate with this PLEX-ID assay. One of several
samples from a patient infected with type C1 was identified as C2
by PLEX-ID. One of several samples from a patient infected with
type C1 was identified as C2 by PLEX-ID.

The relative quantities determined using the PLEX-ID assay
correlated well with viral load determined by real-time PCR viral
load within the range of 2.3 to 6 log10 copies/ml (r2 � 0.67). Above
6 log10 copies/ml, the level given by the PLEX-ID had reached a
plateau (Fig. 2). In addition, the comparison of kinetics of
PLEX-ID levels and copies/ml in patients with persistent plasma
adenovirus infection (patients with at least 4 follow-up samples)
showed similar profiles (Fig. 3). Together, these data suggest that
relative quantitation obtained using the PLEX-ID assay gives an
indication of the viral load in the sample.

Analyses of stool samples. Among the 100 stool samples ana-
lyzed with a median viral load of 5.25 log10 copies/ml (IQR, 3.92 to
7.06), 78% were positive by PLEX-ID. PLEX-ID detection in stool
samples was significantly less effective than for plasma samples
(P � 0.0001). The lower sensitivity in stool was independent of
PCR inhibition, as the internal control failed to be amplified in
none of the samples. PLEX-ID-negative samples had a mean log
viral load of 3.42 (range, 2.57 to 4.13) (Fig. 1). Among the 78
positive samples, the positivity rate with primer pair 943 was
74.4% and that with primer pair 5155 was 100%. As observed for
plasma samples, the rate of amplification with primer pair 943 was

significantly lower for AdV C species (60.0%) than for other spe-
cies (93.9%) (P � 0.0006). There was 100% agreement at the
species level for adenovirus species A, B, C, D, and F in samples
with a single infection. PLEX-ID gave unequivocally correct type
identification for all samples positive for type 12 (n � 4), type 31
(n � 12), and type 41 (n � 1). The base compositions obtained in
stool were identical to those found in plasma. In addition, 3 other
base compositions were identified for AdV species C types 5 and 6
and for AdV species D. A good correlation between viral load and
PLEX-ID level (log level) within the range of 2.3 to 6 log10 cop-
ies/ml (r2 � 0.61) was found for stool specimens (data not
shown).

Specificity. To assess specificity, we analyzed 30 negative sam-
ples (22 plasma and 8 stool) from HSCT patients with no active
adenovirus infection. All negative samples tested were negative by
PLEX-ID as well, confirming the specificity of the adenoviral de-
tection.

Detection of coinfections with multiple adenoviruses. The
ability of the PLEX-ID Viral IC Spectrum assay to detect coin-
fections with two adenoviruses was evaluated by testing plasma
and stool specimens collected from three patients confirmed to be
coinfected with two adenovirus types by the real-time PCR assays
used for species identification. In 10 of the 11 clinical samples, only
the more abundant virus was detected by PLEX-ID (Table 5).

Detection of coinfections with other viruses. Among the 92
adenovirus-positive plasma samples, PLEX-ID detected coin-
fections with other viruses in 67.4%. Other viruses detected
included BK virus (n � 41), cytomegalovirus (n � 30), Epstein-Barr
virus (n � 26), JC virus (n � 9), and HSV-1 (n � 6). No other
viruses were detected in 32.6% (30/92) of the samples. Twenty-
seven samples contained only one other virus, 23 were positive
for two other viruses, 10 were positive for three other viruses,
and 1 each was positive for four and five other viruses. A total of
42 samples were positive for CMV or EBV (45.6%), and 14
samples (15.2%) were positive for both. Sixty whole-blood
samples taken at the same time as the 92 plasma samples were
sent for routine testing for CMV and EBV, including 27 that
were positive for CMV and 28 that were positive for EBV.
Among the corresponding plasma samples, PLEX-ID identified
23 positive for CMV (85%) and 17 positive for EBV (61%).
Specificities for CMV and EBV were 100% (23/23) and 94.4%
(17/18), respectively. Of 32 samples with no routine test re-
quested for CMV and EBV, seven and eight were positive for

FIG 2 Correlation between adenovirus load in plasma determined by quan-
titative real-time PCR (log10 copies/ml) and adenovirus PLEX-ID levels (log10

levels). The linear regression was determined for adenovirus loads below 6
log10 copies/ml.

TABLE 4 Base composition of amplified products obtained with the
adenovirus primer pairs 943 and 5155

Typea

PLEX-ID
result

Base composition obtained with:

943 5155

A12 A12 A20 G32 C37 T23 A19 G25 C34 T19
A31 A31 A20 G32 C38 T22 A19 G25 C34 T19
B B11, -34, -35 A22 G32 C37 T21 A17 G27 C34 T19
B B3, -7, -16 A23 G32 C36 T21 A17 G27 C35 T18
F41 F41 A21 G33 C37 T21 A19 G25 C36 T17
C-undetb A21 G26 C34 T16
C1 C A21 G26 C34 T16
C1 C A20 G33 C39 T20 A21 G26 C34 T16
C1 C2 A20 G33 C38 T21 A21 G26 C34 T16
C2 C A21 G26 C34 T16
C2 C A20 G33 C39 T20 A21 G26 C34 T16
C2 C2 A20 G33 C38 T21 A21 G26 C34 T16
C5 C A21 G26 C34 T16
C5 C5 A21 G32 C39 T20 A21 G26 C34 T16
C5c C5 A20 G33 C39 T20 A21 G26 C34 T16
C6c C5 A20 G33 C39 T20 A21 G26 C34 T16
D-undet D19, -36 A20 G36 C38 T18 A17 G27 C36 T17
D56 D A20 G36 C38 T18 A18 G27 C36 T16
Undet C A21 G26 C34 T16
a The types were determined using sequencing of hypervariable region 7 (HVR7) of the
hexon gene (18, 21).
b Undet, undetermined. Either the amplification for species identification was negative,
or it was positive but HVR7 sequencing was negative or was positive but unable to
discriminate between several types.
c In stool only.
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CMV and EBV, respectively. The samples that were positive for
HSV-1 collected from four patients were checked with an HSV-
1-specific real-time PCR assay. Two patients, including one
having clinical evidence of ulcerative infection in the mouth,
had two samples each with levels of HSV-1 determined by
PLEX-ID ranging from 36 to 127. HSV-1-specific real-time
PCR confirmed HSV-1 infection for these two patients. The last
two samples had low levels of HSV-1 (8 and 14) determined by
PLEX-ID and were found to be negative with the HSV-1-spe-

cific real-time PCR. No related diseases were attributed to the
detection of polyomaviruses BK or JC.

DISCUSSION

In this group of immunocompromised patients, the PLEX-ID Vi-
ral IC Spectrum assay showed sensitivity similar to that of quan-
titative real-time PCR for the detection of adenovirus in plasma
samples (96.8%). The sensitivity was lower in stool samples
(78%), but the optimal extraction procedure for such samples has

FIG 3 Kinetic profiles of adenovirus plasma loads (in log10 copies/ml) and adenovirus PLEX-ID levels (log10) in patients (A to J) with at least 4 follow-up samples.

TABLE 5 Adenovirus detection and identification with the Viral IC Spectrum assay in clinical samples with AdV coinfections

Patient Sample
Viral
loada

AdV
identificationb

CT
c

PLEX-ID
identificationdA B C

1 Plasma 1 4.01 B3, C1 42.6 37.7 C
Plasma 2 4.45 B3, C1 42.8 36.6 C
Plasma 3 5.86 B3, C1 40.1 32.0 C
Plasma 4 5.98 B3, C1 40.0 30.2 C
Plasma 5 6.68 B3, C1 38.2 25.8 C
Stool 1 7.14 B3, C1 27.0 28.0 B3
Stool 2 9.43 B3, C1 28.7 19.3 B3, C

2 Stool 1 4.05 A31, C1 34.3 34.2 C
Stool 2 7.65 A31, C1 18.8 31.7 A31

3 Stool 1 6.28 A31, C1 21.7 33.3 A31
Stool 2 9.03 A31, C1 15.6 33.7 A31

a The viral load was determined with quantitative real-time PCR as described in Materials and Methods. Results are expressed in log10 copies/ml.
b The species were determined with 6 single real-time PCR assays, one each targeting species A, B, C, D, E, and F (18, 19). The types were determined using sequencing of
hypervariable region 7 (HVR7) of the hexon gene (20).
c Cycle threshold (CT) values in single real-time PCR assays to detect adenoviruses A, B, and C.
d Species and type given by the PLEX-ID using the Viral IC Spectrum assay.
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not been determined, and the assay has not been validated in this
matrix. The lower AdV loads observed in AdV PLEX-ID-negative
samples than in AdV PLEX-ID-positive samples indicated a sen-
sitivity of the Viral IC Spectrum assay lower than that of the quan-
titative real-time PCR assay used in this study. Previous reports
showed that up to one-third of HSCT pediatric patients’ stool
samples were positive for adenovirus within the first 100 days
following HSCT (14). In most instances the virus is cleared spon-
taneously. Almost all patients who experience systemic adenovi-
rus infection have detectable viral DNA in stool specimens before
the onset of viremia, suggesting that the intestinal tract may be a
common source of virus dissemination and that virus detection in
stool could be used to identify patients with adenovirus reactiva-
tion. However, only patients with high viral loads in stool (exceed-
ing 106 copies per gram of stool) are at risk for systemic infection
(13, 14). In the analyses of HSCT patient samples reported here,
the Viral IC Spectrum assay run on the PLEX-ID system detected
adenovirus in stool samples far below this threshold and may be
sensitive enough for screening of patients at risk for adenovirus
infection. The data presented here indicate that the assay system
warrants further clinical validation in a controlled prospective
study.

The Viral IC Spectrum assay was designed to be qualitative.
The use of an internal calibrator allows semiquantitative anal-
ysis; the number of amplicons of viral genome relative to the
number of amplicons of the internal standard is determined.
The levels obtained for adenovirus using the PLEX-ID assay
correlated well with the copy numbers determined with quan-
titative real-time PCR. A plateau was observed for viral loads
above 6 log10 copies/ml. This was expected, as the PLEX-ID
technology is based on endpoint PCR analysis. The kinetic pro-
files of PLEX-ID levels and copies/ml were also in agreement,
suggesting that quantitative data obtained using the PLEX-ID
assay provide a preliminary estimation of the viral load.
Whether PLEX-ID levels can be used as a surrogate for viral
load or as threshold values to initiate follow-up with quantita-
tive assays deserves further validation. An evaluation of repro-
ducibility over time should be undertaken first, and then an
analysis of the assay should be performed in controlled pro-
spective studies.

The Viral IC Spectrum assay showed very good concordance
with our real-time PCR assays for the adenovirus species identifi-
cation in samples with a single infection. The Viral IC Spectrum
assay includes two primer pairs, 943 and 5155, designed to amplify
the hexon gene and the penton gene, respectively. The combina-
tion of two primer pairs in two distinct regions offered advantages
of sensitivity and species identification. The primer pair 5155 pro-
vided a unique base composition for each species tested except for
species D. More various base compositions were obtained with the
primer pair 943, but these base compositions were not distinct
enough to unequivocally ascertain the type, with the exceptions of
types A12, A31, and F41. Because the primer pair 943 targets a
more variable region than the primer pair 5155, the primer pair
943 was less sensitive, especially for C species viruses. Although
decisions regarding clinical treatment do not always require typ-
ing, the ability to obtain such detailed information is critical to
epidemiological studies (17) and can play a significant role in un-
derstanding the level and form of pathogenicity that different
strains may possess.

Several studies have reported simultaneous infections with

more than one adenovirus type in HSCT patients (8, 14). The
sensitivity of PLEX-ID to detect coinfections of more than one
adenovirus in clinical samples was lower than that obtained using
the combination of species-specific real-time PCR assays, likely
because of competition of primers for hybridization in the Viral
IC Spectrum assay. High levels of each virus were required to
identify coinfected samples. Thus, the Viral IC Spectrum assay
should not be used to identify coinfections with more than one
adenovirus type.

The samples tested were collected from deeply immunocom-
promised patients, who frequently present several active viral in-
fections or reactivation. The Viral IC Spectrum assay includes dif-
ferent primers targeting other viruses found commonly in
immunocompromised patients, including CMV, EBV, HSV-1,
HSV-2, HHV-8, parvovirus B19, and polyomaviruses BK and JC.
The ability of the single Viral IC Spectrum assay to simultaneously
detect multiple viruses provides a significant advantage over sin-
gle-species-specific PCR assays. As expected, two-thirds of pa-
tients in our study were infected with more than one viral species.
Interestingly, more than one half of theses samples were positive
for more than two other viruses. The virus other than adenovi-
ruses most frequently detected was BK virus. BK virus detection in
plasma is associated with nephropathy in kidney transplant pa-
tients, and it was recently shown that BK viremia preceded hem-
orrhagic cystitis in children undergoing allogeneic HSCT (20).
Despite the lack of disease symptoms attributed to BK in our pa-
tient population, a molecular screening for BK virus in plasma
could be of interest for implementation in the virological fol-
low-up after HSCT. For this HSCT population, about half of the
adenovirus-positive samples also contained CMV or EBV. Since
the plasma samples were used for the Viral IC Spectrum assay and
routine CMV and EBV quantifications are done with whole-blood
samples in our laboratory, a direct comparison was difficult. As
expected, a lower sensitivity for CMV and EBV was observed in
the plasma with the Viral IC Spectrum assay than real-time PCR
quantitation of corresponding whole-blood samples. Further
studies testing the two strategies on plasma are required to accu-
rately compare their respective sensitivities, as the Viral IC spec-
trum assay has been validated on plasma only. Four patients were
also identified to have a plasma HSV-1 infection, including two
with low levels detected by PLEX-ID that were not confirmed with
an HSV-1-specific real-time PCR assay.

The Viral IC Spectrum assay could therefore represent an in-
teresting screening tool to avoid multiple sampling and additional
separate PCR assays and to determine which patients will require
quantitative follow-up. Further investigation is required to deter-
mine accurately the sensitivity and specificity for herpesviruses
and polyomaviruses. In addition, workflow analysis studies and
laboratory cost evaluations should be used to assess the value of
the Viral IC Spectrum assay as a screening tool in transplant pa-
tients.

In summary, our data show the potential of the PLEX-ID tech-
nology and the Viral IC Spectrum assay to detect and type adeno-
viruses and other viruses known to be potentially pathogenic in
transplant patients. The high sensitivity of the PLEX-ID assay for
adenovirus indicates the usefulness of the assay for the surveil-
lance of high-risk patients. Our preliminary results showing that
the assay sensitively detects other viruses indicate that the Viral IC
Spectrum assay deserves further evaluation for use in the manage-
ment of immunocompromised patients.
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