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CLINICAL BOTTOM LINE
Adenovirus infections are potentially life-threatening complications in the first months after
hematopoietic stem cell transplantation. Molecular detection of adenoviral DNA has become an
important diagnostic tool for early recognition of these infections. Weekly screening of blood samples
with a quantitative adenovirus PCR during the first months after transplantation, allows early
identification of the patients at risk for fatal outcome. Rising viral loads suggest progressive disease.
Positive PCR results should trigger intensive follow-up and pre-emptive treatment strategies.
Monitoring of adenoviral DNA in stool samples might predict invasive infection and allows early
differentiation between infectious gastroenteritis and graft-versus-host disease in stem cell transplant
patients with diarrhea. PCR on stool samples appears to have a higher sensitivity than conventional cell
culture, but seems to be somewhat less specific. Neither of the techniques allows differentiation
between asymptomatic adenovirus shedding and real infection. The results should therefore always be
interpreted according to clinical signs and symptoms.
CLINICAL/DIAGNOSTIC SCENARIO
During the first months after undergoing transplantation, recipients of hematopoietic stem cell
transplants are severely immunocompromised, which makes them susceptible to opportunistic bacterial,
fungal and viral infections and reactivations (54). These infections are, next to graft failure and graftversus-host disease (GvHD), the most frequent and feared complications of hematopoietic stem cell
transplantation (HSCT). In these patients, adenovirus (AdV) infections are emerging as one of the most
important viral pathogens, next to CMV and EBV infections.
Adenoviridae are a family of non-enveloped double-stranded DNA viruses, of which taxonomically 56
different human species are described at this time, devided in 7 species (A-G) based on DNA homology,
hemagglutinating properties and clinical syndromes (6,17,18,38,54,59). All species are capable of causing
disease, with different clinical spectra based on the species (attachment 1) (6,33,43,62,63). Adenoviruses
are endemic in the general pediatric population, with a peak incidence between 6 months and 5 years
(15,39). They are a main cause of fever in the infant and the young child, being responsible for 5-10% of
the febrile illnesses in this age group (64). Person to person transmission of adenovirus is possible in a
variety of ways: via feco-oral route, by droplet aerosol, by direct conjunctival inoculation or by exposure
to infected tissues or blood (6,9,15,18,38,62,63). Adenoviruses can also spread through water, fomites
and inert surfaces such as instruments (18).
In the immunocompetent host, adenovirus infections are usually self-limiting (6,39). The most frequent
clinical syndromes associated with adenovirus infections, are upper and lower respiratory tract
infections. Other possible presentations are gastroenteritis and keratoconjunctivitis (29,38,59,64). The
clinical symptoms often depend on the adenovirus serotype or serogroup. Respiratory infections are
most often caused by type C adenoviruses, more specifically serotypes 1,2,5 and 6 (38,59). Adenovirus
enteritis on the other hand, is most often caused by group F adenoviruses (serotypes 40 and 41) (59).
After primo-infection, the virus establishes latency in lymphoid tissues such as the adenoids (6,9,38).
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In the immunocompromised host however, the clinical manifestations of adenoviral infections can vary
from self-limiting asymptomatic or localized infections to severe and even fatal disseminated infections,
with case fatality rates varying between 20 and 80% (6,27,32,37-40,48,53,57,60,61). De novo infection
through one of the described transmission routes is possible, but reactivation from latency is probably
more important in these patients, considering the lack of effect of protective isolation (9,13,32,33,38).
The reported incidence of adenovirus infection in retrospective studies on stem cell transplant patients
ranges between 3 and 47%, with higher incidence in children and in T-cell depleted or mismatched
allografts (8,13,32,37,38,40,47,48,53,57-61). A similar variation is described in the proportion of patients
developing invasive disease (13,37). The higher incidence in children might be related to the higher
exposure to adenoviruses at young age, while adenovirus-specific immunity is still developing (12).
Increasing incidence of severe adenoviral infections has been reported over the past years, probably
because of better diagnostic methods and because of the increasing use of matched unrelated donor
(MUD) allografts and T-cell depleted grafts, as it has been demonstrated that T-cell immunity plays an
important role in clearance of the virus (13,54).
Due to its wide tropism, adenovirus can either cause gastrointestinal, respiratory, urinary, ocular or
neurologic infections, or combinations of them. Upper and lower respiratory infections are the most
frequent presentation in adult HSCT patients, varying from mild respiratory infection to severe and
potentially fatal pneumonia. Enteritis with diarrhea of variable severity, ranging from mild to
hemorrhagic, is the most frequent presentation in children (38,60). This causes an important diagnostic
challenge since the clinical presentation of this infection may be very similar to that of GvHD, which
requires a completely different therapeutic approach. However, adenovirus infections can also be
associated with GvHD, as well as with other viral, fungal or bacterial infections, which further complicates
the diagnosis as well as the outcome in these patients (38,46,59).
In the majority of patients, the disease is limited to localized symptoms, but a minority (10-20%) evolves
to severe disseminated disease (32,37,38,57,59-61). Disseminated infection may present as high fever,
retinitis, hepatitis, hemorrhagic cystitis with evolution to necrotizing interstitial nephritis and kidney
failure, pneumonia, severe gastroenteritis and/or encephalitis, often resulting in multiple organ failure
and death (6,29,32,37,38,59-61).
Adenovirus infection can be proven by histopathologic demonstration of tissue invasion by adenovirus,
but biopsies are rarely taken (28). AdV infection is mostly diagnosed by viral culture of fecal, ear-nosethroat (ENT), respiratory, urinary or ocular specimens. This technique, based on detection of cytopathic
effect on cell lines followed by identification of adenovirus by immunofluorescence, has always been the
gold standard for diagnosing adenovirus infection (6,15,24,54,57-60,62,63). It also allows susceptibility
testing to antiviral therapy (6). However, since it may take up to two weeks before a cytopathic effect
develops, this is a very time consuming and labor-intensive procedure (6,24,38,49,54,57). Also, some
adenovirus strains such as AdV serotypes 40 and 41, which are often associated with gastrointestinal
disease, show ineffective growth on culture (24,49,62,63). This may lead to false negative results, delayed
diagnosis and delayed treatment, while a rapid diagnosis is important in these patients, considering the
risk of severe adenovirus infections (6,24,38). Antigen testing by EIA is an alternative for serotypes 40
and 41.
Isolation of adenovirus from patient samples doesn’t automatically imply adenoviral disease
(1,3,29,49,57). In immunocompromised patients, asymptomatic adenovirus shedding can occur, and this
often continues for prolongued periods of time, often months to years after infection (1,3,29,49).
In response to these diagnostic difficulties, PCR protocols for the detection of adenovirus have been
developed (11,18,19,25,27,31,34,42,43,47-49,54,56). Several reports from literature suggest the value of
performing systematic adenovirus PCR on blood samples of HSCT patients as a method for early
diagnosis of disseminated adenovirus infections, enabling early initiation of specific therapy and
therefore improving clinical outcome (29,47,48,56). Quantitative determination of adenovirus in whole
blood samples of HSCT patients has been performed routinely in the University Hospitals of Leuven
since February 2010. In this document, we review the literature and current position concerning this
screening method, followed by an evaluation of screening at the University Hospitals of Leuven. In
addition we evaluated an adenovirus PCR on fecal samples from the pediatric population included in
this study.
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QUESTION(S)
PICO:
P: hematopoietic stem cell transplant patients of all ages
I: quantitative adenovirus PCR on blood/feces; adenovirus antigen testing and fecal samples
C: adenovirus culture on other samples (respiratory/fecal)
O: early diagnosis of invasive adenovirus infection
Questions
1. Does performing an adenovirus PCR on blood samples provide an added value in the early
diagnosis of adenoviral infections in the hematopoietic stem cell transplant patient?
2. Does performing an adenovirus PCR on fecal samples of hematopoietic stem cell transplant
patients provide an added value in the diagnosis of adenovirus infections, especially in the
differentiation between infection and graft-versus-host disease and in the prediction of invasive
adenovirus infection?

SEARCH TERMS
1) MeSH Database (PubMed): MeSH term: “((("Adenoviridae Infections"[Mesh] OR "Adenoviridae"[Mesh]
OR "Adenovirus Infections, Human"[Mesh])) AND ("Polymerase Chain Reaction"[Mesh] OR "Reverse
Transcriptase Polymerase Chain Reaction"[Mesh])) AND ("Stem Cell Transplantation"[Mesh] OR
"Peripheral Blood Stem Cell Transplantation"[Mesh] OR "Cord Blood Stem Cell Transplantation"[Mesh]
OR "Mesenchymal Stem Cell Transplantation"[Mesh] OR "Hematopoietic Stem Cell
Transplantation"[Mesh]))); ((("Adenoviridae Infections"[Mesh] OR "Adenoviridae"[Mesh])) AND
("Polymerase Chain Reaction"[Mesh] OR "Primed In Situ Labeling"[Mesh] OR "Reverse Transcriptase
Polymerase Chain Reaction"[Mesh])) AND "Feces"[Mesh]))); (("Adenoviridae Infections"[Mesh] OR
"Adenoviridae"[Mesh])) AND ("Stem Cell Transplantation"[Mesh] OR "Peripheral Blood Stem Cell
Transplantation"[Mesh] OR "Cord Blood Stem Cell Transplantation"[Mesh] OR "Mesenchymal Stem
Cell Transplantation"[Mesh] OR "Hematopoietic Stem Cell Transplantation"[Mesh])) AND
"Feces"[Mesh]))); ((("Adenoviridae Infections"[Mesh] OR "Adenoviridae"[Mesh])) AND ("Stem Cell
Transplantation"[Mesh] OR "Peripheral Blood Stem Cell Transplantation"[Mesh] OR "Hematopoietic
Stem Cell Transplantation"[Mesh])) AND ("Polymerase Chain Reaction"[Mesh] OR "Primed In Situ
Labeling"[Mesh] OR "Reverse Transcriptase Polymerase Chain Reaction"[Mesh])))”
2) PubMed Clinical Queries (from 1966; http://www.ncbi.nlm.nih.gov/entrez/query.fcgi): Systematic
Reviews; Clinical Queries using Research Methodology Filters (diagnosis + specific, diagnosis +
sensitive, prognosis + specific)
3) Pubmed (Medline; from 1966), SUMSearch (http://sumsearch.uthscsa.edu/), National Guideline
Clearinghouse (http://www.ngc.org/), Institute for Clinical Systems Improvement (http://www.icsi.org),
The National Institute for Clinical Excellence (http://www.nice.org.uk/), Cochrane (http://www.updatesoftware.com/cochrane,
Health
Technology
Assessment
Database
(http://www.york.ac.uk/inst/crd/htahp.htm)
4) National Committee for Clinical Laboratory Standards (NCCLS; http://www.nccls.org/), International
Federation of Clinical Chemistry (IFCC; http://www.ifcc.org/ifcc.asp), American Diabetes Association
(ADA; http://www.diabetes.org/home.jsp), National Diabetes Information Clearinghouse (NDIC;
http://diabetes.niddk.nih.gov/), Westgard QC (http://www.westgard.com), Clinical Laboratory
Improvement Amendments (CLIA; http://www.cms.hhs.gov/clia/)
5) UpToDate Online version 18.1 (2010)
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APPRAISAL
1. Does performing an adenovirus PCR on blood samples provide an added value in the early
diagnosis of adenoviral infections in the hematopoietic stem cell transplant patient?
1.

Analytical performance characteristics (analytical validation report)
One of the main problems with adenovirus PCR on blood, is the lack of standardization. Although
several commercially available adenovirus PCR kits have been developed, they were only recently
introduced (18,20). Most studies are based on in-house developed PCR techniques using either gelbased or real-time detection of amplified products (11,18,19,24,25,27,30,31,34,42,43,47-49,54,56).
These assays may be designed to detect either the whole virus family or they may be speciesspecific or designed to detect one or more serogroups. The high sequence heterogeneity within the
adenovirus family makes the development of universal primers and probes difficult. Several studies
use a combination of different primers and probes in order to simultaneously detect all adenovirus
serotypes (24,25,43,48). Others identified a highly conserved region within the hexon gene, allowing
the design of specific primers for detection of almost all human adenovirus serotypes (27,49).
Sensitivity of PCR techniques appears to be higher than that of cell culture (11,24,38,42,54). In the
study performed by Damen et al. (24) 12/151 cases (7.9%) had a positive PCR while virus culture was
negative. In 3/12 (25%), adenovirus was cultured from other sites at a later time. In 8/12, another
pathogen was identified (CMV, RSV, rotavirus or Clostridium), which makes the culture less sensitive
due to overgrowth (24).
However, false negative PCR results have also been reported. In the case report by Ishida et al. (11),
a case of adenoviremia not detected by conventional nor real-time PCR was described, although
sequencing of the PCR product identified the presence of adenovirus type 7. The adenovirus
genome contained 9 single base mutations in the conserved region of the hexon gene, which made
this serotype undetectable by the primers used for the PCR (11). This proves that we have to take
into account the possibility of evolutionary mutation mechanisms in adenoviridae.
In the University Hospitals of Leuven, we use an in-house developed real-time Taqman PCR
technique on the Applied Biosystems 7900-analyzer, after automated DNA extraction on the
m2000sp analyzer (Abbott). Primers and probes were chosen by aligning 104 sequences of the 53
different AdV serotypes that were known at the time of implementation. However, recent literature
reveals the discovery of 3 new adenovirus serotypes (17). It is still unclear whether our PCR
technique will be able to identify these new serotypes.
Details of analytical performance characteristics can be found in attachment 2.

2.

Diagnostic performance
Screening for adenoviremia: rationale
The impact of performing PCR on blood samples from HSCT patients has been the subject of several
clinical trials (48,53-56). A pilot study on 14 HSCT patients with adenovirus infection, published in
Lancet in 2001, showed that the appearance of adenovirus DNA in blood preceded the development
of a severe or fatal adenovirus infection (56). They included 4 negative controls, 3 asymptomatic but
culture positive patients, 3 patients with localized infection and 4 patients with fatal disseminated
adenovirus infection. Only the patients in the latter group showed presence of adenovirus DNA in
peripheral blood samples (56).
A similar study was performed by Schilham et al. (54). A semiquantitative PCR was retrospectively
performed on blood samples of 36 HSCT patients with adenovirus-positive stool samples: 17
asymptomatic patients, 12 patients with localized disease and 7 patients with fatal disseminated
infection. As a negative control, blood samples from 17 stem cell donors were analyzed.
Adenoviremia was detected in respectively 7/17, 4/12 and 6/7 patients. All 6 patients with
disseminated disease had high adenovirus levels, defined as a detectable PCR product in samples
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with >100-fold dilution. From the remaining patient from this group, no samples were taken during
the 3 weeks prior to death. In contrast, only 2/11 patients from the asymptomatic or localized
groups had similar high adenovirus levels. Adenoviremia was also detected in one stem cell donor,
but only at very low levels.
Chakrabarti et al. (53) were the first to demonstrate a positive relationship between detection of the
virus in blood by PCR and a fatal outcome. Lion et al. (48) found a mortality rate of 82% in patients
diagnosed with adenoviremia, as compared to 32% in adenovirus positive patients without
adenoviremia. There was no significant difference in mortality between the latter group and
adenovirus negative patients (32% vs 29%). Adenoviremia preceded development of clinical
symptoms by a median of 3 weeks (48).
Similar findings were also reported by other groups (5,27,31,34,35,39,42,53,55). These data suggest a
significant correlation between detection of (high levels of) adenovirus DNA in blood samples and
fatal outcome of adenovirus disease (p<0.001) (48). Adenoviremia can be detected several weeks
before progression to severe, invasive and often fatal disseminated infections (5,24,31,48,53,55,56).
Intervals of 8 to 21 days have been described between first positive PCR and overt adenovirus
infection (31,48,49,52,56). Erard et al. found in their retrospective study that adenovirus DNA was
detectable at a median of 20 days before death and 8 days before the definite diagnosis was made
(31). Adenovirus PCR might therefore be a sensitive and specific method to identify patients at risk
for invasive and potentially fatal infections (48,54).
However, the detection of adenovirus DNA in blood samples of healthy blood donors,
asymptomatic patients and patients with only localized infections, limits the predictive value for
disseminated disease (31,49,50,54). Other reports indicate that many patients who develop
adenoviremia, might clear the infection on their own, or they couldn’t identify a significant
difference in viral loads between patients with disseminated and localized disease (19,31,38).
Quantification of viral load in blood samples may solve this diagnostic problem (49,55).
Identification and follow-up of patients at risk for disseminated
adenovirus infection: importance of viral load determination.
Real-time PCR detection of adenovirus in blood allows determination of quantitative results, which
contribute to the diagnosis, can be used to predict outcome and can help to define which patients
are in need of antiviral treatment.
Lion et al. (48) determined that a 10-fold increase in the blood viral load in a period of 21 days
(range 6-37 days) preceded clinical disease, while detection of adenovirus at other locations was not
necessarily associated with development of symptoms. Observations from Seidemann et al. (45)
supported these findings.
Several other groups came to the same conclusion. Claas et al. (42) noted a steep increase in viral
loads in the month before death in 4/6 patients with disseminated infection. In the remaining two
patients, no samples were available for follow-up in the weeks preceding death. Patients with viral
6
loads exceeding 10 copies/ml appear to have an increased risk for fatal complications (42). Erard et
al. (31) evaluated all patients with biopsy-proven adenovirus: all except one had persistent and rising
viral loads after the first detection of AdV DNA; All had positive PCR before the disease was proven
and all had viral loads of at least 1000 copies/ml (31). They concluded that rising viral loads or viral
loads higher than 1000 copies/ml seemed to predict AdV disease in HSCT patients (sensitivity 87.5%,
specificity 89.4%)(31).
Viral load determination can also be useful for follow-up of therapy. Leruez-Ville et al. showed that a
decrease in viral load of >= 1 log in the first 7 to 10 days after initiation of therapy (cidofovir)
predicted a favorable outcome, whereas the patients with stable or increasing viral loads during
therapy, succumbed to the infection (47). There was no significant difference in the initial viral loads
between cidofovir responders and non-responders (47). Kalpoe et al. also noted normalization of
viral loads in the patients who survived and stable or increasing viral loads in patients with fatal
outcome (34).
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Determining other risk factors for invasive adenovirus infections
Adenovirus infections occur frequently in HSCT patients, yet only a minority of these patients
develop disseminated (invasive) infection. The limited choice of antiviral drugs, due to their relatively
low efficacy and severe side effects, are the bottleneck of AdV management, and these drugs should
be reserved for those patients at highest risk for potentially fatal disseminated infections (14,27).
Therefore, it is important to identify other risk factors predicting these infections, next to high viral
load and viral load kinetics.
T-cell depletion of the graft, either in vivo or ex vivo, appears to be an important risk factor for
development of invasive adenovirus infection (41) (p=0.001, univariate analysis; p=0.05, multivariate
analysis). Multiple studies confirm this trend (5,31,48,53,55,56,59) while others did not find a
significant difference (19). Severe lymphopenia (<300 cells/mm³) has also been described as an
important risk factor for progression to disseminated and often fatal disease, which suggests that
immune reconstitution is a very important aspect in the management of adenoviral infections in this
population (6,13,38,53). Kampmann et al (41) saw a survival rate of 81% in patients with
9
adenoviremia. Survival was associated with lymphocyte recovery to above 0.3 x 10 /l. Mortality was
closely linked with the absence of lymphocyte recovery (41).
Other risk factors described are: MUD or mismatched donor, cord blood transplantation, young age,
concomitant acute GvHD and total body irradiation (TBI) (6,9,37,38,40,41,48,53,57-61). The high
incidence of lethal adenoviremia infection in cord blood transplants could be explained by the fact
that the cord blood graft does not carry the mature lymphoid cells required for anti-infectious
immunity (16,37).
Situation in the University Hospitals of Leuven
All adenovirus PCR assays on blood samples of HSCT patients followed in our center, requested
between the implementation of the test in February 2010 and April 2011, have been retrospectively
analyzed. We received 723 samples from 98 unique patients, 76 adults and 22 children. The number
of samples per patient varied between 1 and 42. An overview of PCR samples in blood is given in
attachment 4.
Adenovirus was isolated in 45 samples from 13 patients (overall incidence 13,3%). As described in
literature, we noted a higher incidence in children than adults (27.3% vs 9.2%). The time between
transplantation and first detection of adenoviral DNA in blood ranged from 6 to 223 days in children
(median 50 days) and from 40 to 153 days in adults (median 69 days).
In the patients with positive PCR results in blood samples, we identified a variation in viral loads
ranging from our lower detection limit of < 500 copies/ml (<2.7 log 10 copies/ml) to our upper
6
detection limit of > 5x10 copies/ml (>6.7 log10 copies/ml).
Details of patient characteristics and a graphic representation of adenoviremia kinetics per patient
can be found in attachments 5 and 9. Three patients (patients 5,7,11) had transient low viral loads of
< 500 copies/ml (<2.7 log copies/ml). When reviewing the medical files of these patients, no specific
symptoms were present and no treatment was started. Since the adenoviremia was transient, these
findings were considered as asymptomatic adenoviremia of low clinical importance.
Three patients (patients 2,8,13) had maximum viral loads >5.000.000 copies/ml (>6.7 log copies/ml).
All patients had disseminated adenovirus infection. Two out of these three patients died but their
death was multicausal and couldn’t be attributed to adenovirus alone.
Seven patients had viral loads between 500 and 5.000.000 copies/ml. Patient 1 had a transient high
viral load of 12.382 copies/ml (4.09 log copies/ml) while she was hospitalized for a sore throat,
based on a pharyngeal ulcus. Adenoviremia disappeared after one dose of cidofovir. It is unclear
whether adenovirus might have been the cause of complaints in this patient. Pharyngeal cell
cultures remained negative.
Patient 3 developed a persistent high viral load with a maximum of 48697 copies/ml (4.69 log
copies/ml). The main symptoms of this patient were fever and diarrhea, the latter of which had been
contributed to intestinal GvHD (biopsy-proven). He also received one dose of cidofovir, but
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adenovirus viral load had already dropped spontaneously to 3798 copies/ml (3.58 log copies/ml)
before cidofovir administration.
Four patients (patients 4,6,9 and 12) had moderate viral loads ranging between 962 and 2738
copies/ml (2.98 resp. 3.44 log copies/ml). In these patients, adenovirus could be isolated in either
feces (all 4 patients) or respiratory samples (patient 4).
One patient (patient 10) had a low transient viral load (693 copies/ml) while hospitalized for fever
and a respiratory infection. The exact cause was never identified.
When we look at blood viral load kinetics, as represented in attachment 9, there seems to be a trend
towards persistence of adenoviremia in symptomatic patients, with elevating viral loads in 2 of the 3
patients who developed invasive disease. We received only 1 sample from the third patient with
invasive adenovirus disease. The asymptomatic patients only showed transient adenoviremia with in
the majority of cases (3/5) viral loads lower than the lower quantification limit of 500 copies/ml.
3.

Clinical impact
a) Diagnostic aspect
Different screening protocols have been described in the HSCT population, with most often
implementing weekly of fortnightly screening. The two available guidelines suggest weekly
monitoring by PCR, either for the first 6 months after HSCT or for the duration of severe
immunosuppression/lymphopenia, for patients at highest risk for adenovirus infections (CII)
(1,2). This risk group contains patients with refractory GvHD, umbilical cord blood
transplantation, haploidentical transplantation, stem cell graft T-cell depletion of >2-3 log10 use
of anti-T-cell-antibodies (eg antithymocyte globulin (ATG) or alemtuzumab (Campath) (1,2).
In case of a positive PCR result, quantitative PCR monitoring should be strongly considered for
monitoring progression of adenovirus infection and response to treatment (BII) (1,2).
It is unclear whether pre-transplant screening might be useful. Since early dissemination has
been described in patient populations with positive adenovirus PCR on blood samples pretransplantation, screening and treatment might be valuable before stem cell transplantation.
These findings however have only been based on retrospective and prospective studies of an
entire stem cell transplant cohort during a period of time, and have not been evaluated in
randomized studies.
Detection of adenovirus in blood samples of HSCT patients by PCR has definitely proven its
benefit in the early diagnosis of invasive adenovirus infections in these patients, since early
diagnosis allows early treatment and therefore better clinical outcome (4,23). However, our
patient group is too small to draw definite conclusions. The current knowledge on adenovirus
pathogenesis is limited, and prospective studies on incidence and natural evolution of
adenoviral infections in stem cell patients are necessary (38). Since viremia seems to be
predictive for disease, randomized trials using PCR surveillance for viremia and preemptive
cidofovir treatment are needed to evaluate prevention strategies (9).
b) Treatment
Antiviral treatment for invasive adenovirus infection has been studied intensively over the past
years. Ribavirin and cidofovir appear to have good in vitro activity against adenovirus infection.
In vivo activity has not yet been clearly demonstrated, especially not for ribavirin. Both beneficial
effects
and
failures
of
cidofovir
therapy
have
been
described
(7,11,14,26,28,32,39,40,44,47,51,55,58).
Although several case reports or case series suggest the usefulness of cidofovir (Vistide®) as a
pre-emptive treatment, the evidence of its efficacy is inconsistent and mortality in disseminated
infections remains high (16). Several centers indicate that initiation of antiviral treatment at the
first detection of viremia may not prevent progression to severe adenoviral disease
(7,21,32,39,40,48,51,53). So far, no prospective, randomized, placebo-controlled studies of
antiviral drug therapy have been conducted. Other concerns limiting the use of cidofovir, are the
toxicity, especially nephrotoxicity and bone marrow toxicity, and the very high cost (about 800€
per vial).
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Nevertheless, it seems that reduction of immunosuppression and initiation of pre-emptive
treatment with cidofovir in patients with adenoviremia has become the standard of care in many
centers (6,12,13,36,41).
Given the lack of evidence for antiviral treatment, one could discuss the usefulness of screening
for this disease. However, several studies have proven that the period of severe
immunosuppression shortly after transplantation is the main risk period for invasive adenovirus
infection. An obvious link has been shown between immune reconstitution (more specifically the
recovery of adenovirus-specific T-cell immunity) and clearance of the adenovirus infection
(1,2,6,38). When possible, rapid tapering or withdrawal of immunosuppression is the best way to
prevent progression of adenovirus infection, according to the recently published guidelines
(AII)(1,2). Cidofovir might be useful to keep the infection under control, thus buying time for the
immune system to recover (6,38).
This also opens windows for the usefulness of adoptive T-cell immunotherapy, since several
reports have described recovery from invasive adenovirus infection using donor lymphocyte
infusions or infusion of adenovirus-specific T-cells (4,10,12,14,38,53). Lindemans et al. (4)
developed a treatment guideline for adenoviremia, based on risk stratification and viral load
(attachment 11).
c) Prevention
Vaccines against adenovirus are not available. Of course, it is of utmost importance in these
patients to prevent de novo infections by using strict isolation procedures, not only for
adenovirus infections but for all opportunistic infections to which these patients are susceptible
(1,2,3). However, these measures cannot prevent endogenous reactivation, which is thought to
be the main origin of these infections.
4.

Organizational impact
Adenovirus PCR on blood samples is offered daily, and is performed together with other samples on
which adenovirus PCR is requested.

5.

Cost impact
The actual cost of one quantitative adenovirus PCR is about 35 euro. There is no refund provided by
the Belgian health care system. Since weekly analyses are performed, the costs can mount to very
high amounts. Currently the costs for PCR analyses in HSCT patients are borne by the hospital.

6.

Decision making
Detection of adenoviral DNA in blood samples of HSCT patients may indicate a potential serious
course of an adenovirus primoinfection or reactivation. Especially persistence of adenoviremia
should trigger an adjustment in the treatment policy. Reduction of immunosuppression and
initation of pre-emptive threatment with cidofovir should be considered in these patients.

pagina 12/32

CAT adenovirus

Dr. K. De Vreese

2. Does performing an adenovirus PCR on fecal samples of hematopoietic stem cell transplant
patients provide an added value in the diagnosis of adenovirus infections, especially in the
differentiation between infection and GvHD and in the prediction of invasive adenovirus infections?

1.

Analytical performance characteristics
The adenovirus PCR on fecal samples is not yet performed routinely in the university hospitals in
Leuven. In this document, we describe the results of an initial try-out on fecal samples from our
pediatric HSCT population. Performance characteristics are summarized in attachment 3.

2.

Diagnostic performance
a) Literature
The limited studies available on PCR testing for adenovirus in fecal samples in HSCT patients,
are promising. Lion et al. (21) studied 153 consecutive stem cell transplants in 138 pediatric
2
11
patients. 51 (33%) had positive PCR in stool, with viral loads ranging from 1x10 to 1x10 copies
per gram or per ml stool. Of the 51 positive stool samples, 29 had a maximum viral load lower
6
than 10 copies/g. Only one of these patients had signs of intestinal infection. The remaining 22
6
patients had maximum viral loads higher than 10 copies/g. All patients showed rapid
adenoviral proliferation with increase of viral loads by several logs within 1-2 weeks.
16 (10.5%) developed positive PCR in blood, all of whom also had positive stool PCRs with
6
maximum viral loads > 10 copies/g or ml. 11 of them were identified as serotype C (68,8%) and
5 as serotype A (31,2%). Viremia was always preceded by positive stool results except for 1
patient in whom they coincided. This makes the overall incidence of viremia in patients with
6
intestinal adenovirus shedding > 10 copies 73% (16/22).
Serial measurement of adenovirus levels in stool specimens by PCR permitted early diagnosis of
impending invasive infection with a sensitivity of 100% (95% CI 96-100%) and a specificity of
83% (95% CI 67-92%), reflecting a negative predictive value of 100% (95% CI 88-100%) and a
positive predictive value of 73% (95% CI 52-87%). First appearance in blood was seen when virus
8
6
9
copy numbers in stool reached median 1x10 (range 3x10 – 6x10 ) copies per gram. Both
6
univariate and multivariate analysis revealed that the presence of a peak viral load > 10
copies/gram stool is a highly significant risk factor for viremia and disseminated disease
(p<0.001) (attachment 6).
This study also suggests that adenoviremia often has an intestinal origin. However, adenovirus
in stool is a very common finding and most patients are asymptomatic or clear the virus on their
own (21). Treatment based on positive stool PCR could lead to overtreatment, which, given the
side-effects and toxicity of cidofovir, can be problematic (21). Quantitative monitoring of
adenovirus load in stool facilitates the prediction of viremia and disseminated disease and might
therefore be a rational parameter for early initiation of therapy (21).
Jeulin et al (16) conducted a retrospective study of 182 HSCT patients. Quantitative adenovirus
PCR was performed on stool samples of 21 patients with adenovirus infection, diagnosed as
positive antigen test or positive cell culture (16). Antigen detection remained negative in 5/21
patients, including 4 with systemic adenoviral infection. All 5 had positive PCRs on stool.
Adenovirus culture was positive in 15/18 patients with systemic infection and 17/21 patients
included in the study.
Of the 21 patients studied, 18 developed adenoviremia. In 16 of these patients, adenoviral DNA
was present in stool samples earlier than in whole blood (median 42 days, range 3-199 days),
whereas both antigen detection and cell culture were still negative for 12/18 patients with
systemic infection. Only 3 patients had a positive Adv Ag detection before PCR positivity in
blood. Only 6/18 patients had a positive culture at the time of adenoviremia, while in 16/18
patients adenoviral DNA could be detected in faeces prior to adenoviremia. This suggests the
low sensitivity of adenovirus culture in prediction of adenoviremia. The presence of adenovirus
in stool or the increase of viral load in stool preceded adenovirus detection in whole blood (16).
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6
If the threshold of 10 copies/gram, as described by Lion et al. (21), would be used, 11/18
patients would have been treated earlier (16).
Kampmann et al. (41) describe presence of adenovirus in stool prior to adenoviremia in 53.8% of
patients. Patel et al. (22) also describe a case report of a pediatric HSCT patient in whom a
positive adenoviral PCR on stool preceded adenoviremia by 1 week.
However, detection of viral DNA in stool samples does not necessarily prove viral replication or
acute infection. AdV-DNA can be found for months, even years after the initial infection, without
arguments for reinfection (6).
b) Situation in the university hospitals of Leuven
During the period between February 2010 and April 2011, we received 67 stool samples from 16
pediatric HSCT patients for PCR analysis. The number of samples per patient ranged from 1 to
11. PCR analysis of these stool samples showed the presence of adenoviral DNA in 11/16
patients (69%), whereas stool culture was only positive in 6 patients (37.5%). Details of our
findings can be found in attachments 8,9 and 10.
Of the six patients (patients 4,5,6,8,12,18) with positive viral culture and positive PCR results, one
had asymptomatic adenovirus shedding and five presented with symptoms compatible with
gastrointestinal or disseminated adenovirus infection. These patients all had cycle thresholds
lower than 25 Ct. In four of them, GvHD was considered as the cause for their initial symptoms,
before the results of stool culture and/or blood PCR suggested adenoviral infection.
Adenoviremia was detected in four out of five symptomatic patients. One showed transient
adenoviremia, three (patients 4, 8 and 12) developed disseminated invasive adenovirus
infection. In all 4 patients, adenovirus could be detected in stool and/or respiratory samples
either by viral culture or by PCR prior to or simultaneous with development of adenoviremia,
supporting previously reported findings suggesting that adenoviremia is preceded by local
infection (30,53,56,79).
One patient (patient 5) showed asymptomatic shedding of adenoviral DNA in stool for at least
26 weeks post transplantation. During this period, viral culture was only positive in week 8 and 9
post-transplant (see attachment 9). Although asympatomatic, this patient did develop transient
adenoviremia with viral loads remaining lower than 500 copies/ml. A low-grade adenoviral
infection cannot be excluded here, even in the absence of diarrhea.
When reviewing the medical files of the five patients with positive PCR and negative stool
culture, we learned that three of them had symptoms which could potentially be attributed to
adenovirus infection. These three patients presented with unexplained gastrointestinal
complaints, diagnosed and treated as GvHD.
Patient 23 had two PCR-positive stool samples. Around the time of the first positive sample, this
patient was diagnosed with a Cryposporidium parvum intestinal infection. In the period of the
other positive sample, the patient presented with weight loss and unexplained diarrhea. The
Cryptosporidium infection was under control and although histopathology didn’t reveal any
signs of GvHD, the patient was treated with steroids.
Patient 14 developed adrenal insufficiency secondary to steroid treatment. This therapy would
probably not have been started, had they known the results of the PCR on stool.
Patient 21 was hospitalized for unexplained diarrhea, fever and elevated inflammatory
parameters. He was screened regularly for viral, bacterial and parasital pathogens but all
cultures remained negative. Retrospective PCR on frozen stool samples revealed two
consecutive PCR-positive samples with decreasing cycle threshold. There were no further
samples available. This patient was treated for GvHD with high doses of steroids and TNFinhibitors, which lead to the development of fatal invasive aspergillosis. In this case, the
symptoms were caused by a combination of viral pathogens: adenovirus and CMV
(histopathology of sigmoid biopsies revealed CMV inclusions). This patient wouldn’t have
received these high doses of immunosuppressants and cidofovir therapy would have been
started, had the results of adenovirus PCR on stool been available in the period of
hospitalization.
Of the remaining two patients, one (patient 16) was hospitalized for fever and severe respiratory
complaints. No diagnosis was made, it remains unclear what caused these complaints. The
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patient recovered spontaneously. The latter patient (patient 17) never developed any complaints
compatible with adenovirus infection.
In none of the patients with positive stool PCRs, AdV Ag 40-41 could be detected. This suggests
that the causative adenovirus serotype doesn’t belong to serogroup F. Serotyping of this
samples by sequencing is still pending. Similar findings were presented by Lion et al. (21), who
showed a predominance of serogroup C (76%), followed by A (11%), D (7%), B (4%) and F (2%)
by genotyping 51 PCR-positive stool samples.
Two patients had transient positive AdV Ag-detection on stool, with negative stool PCR. Since
our PCR technique was evaluated and optimalised using AdV-Ag positive samples, we would
expect to detect viral DNA, had there been a real infection. Therefore, we suspect that these
might have been false-positive results.
When compared with viral culture, the PCR technique seems to be more sensitive. When we
compare the PCR cycle threshold with the results of viral culture, we see that only strong
positive samples (with low cycle threshold) are detected by cell culture (see attachment 7).
In patients 4, 6, 8 and 12, we see intermittent positivity of adenovirus cell culture on stool. We
can suspect false negative cell culture results based on results of stool PCR, especially in patient
8 since the Ct seemed to be decreasing over the course of time. In this last patient, we could
already detect AdV DNA in stool over a month before development of adenoviremia and
positive cell culture.
3.

Clinical impact
Molecular detection of adenoviral DNA by PCR appears to be more sensitive than stool culture.
Of the eleven patients with positive stool PCR, eight patients presented with symptoms
compatible with adenovirus infection. The results were confirmed by cell culture in five of these
patients. Three additional diagnoses could have been made in patients with unexplained
diarrhea, had the PCR been available in that period. In seven out of the eight symptomatic
patients, initial diagnosis of GvHD was made and treatment with immunosuppressants was
started, leading to severe side-effects in some patients, which could have been avoided had the
diagnosis of infectious diarrhea been made.
Based on these results, we conclude that adenovirus PCR on stool samples could definitely
provide an added value in the differential diagnosis between infectious diarrhea and intestinal
GvHD. Early diagnosis would have made a difference in treatment strategy in several of these
patients.
There is no possibility to differentiate between asymptomatic shedding and potential
symptomatic infection purely based on the PCR results. Even persistent PCR positivity can be
attributed to both. Therefore it is imperative to interpret the results in light of the clinical
symptoms.
Consecutive sampling might be a surplus. Rising viral loads, reflected by decreasing Ct, could
point in the direction of progressive adenovirus infection. Solely reporting qualitative results
would mean no benefit in the diagnosis of adenoviral infection. However, reporting quantitative
or semiquantitative results might be useful in the follow-up of these patients.

4.

Organisational impact
Further optimalisation of the PCR technique is necessary before we can decide to implement this
analysis in routine testing.

5.

Cost impact
The exact cost of one adenovirus PCR on stool hasn’t been determined yet, but can be estimated
between 30 and 40 euro. There is no refund by the health care system in Belgium.
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Decision making
It is not possible to differentiate between asymptomatic shedding and symptomatic infection when
finding either transient or persistent positive PCR results. However, this test might facilitate
differential diagnosis with acute intestinal GvHD, allowing adjustment of immunosuppressive
treatment. Quantitative PCR monitoring of stool samples might allow early diagnosis of progressive
and potentially invasive adenoviral disease. However, we do need to expand the population in our
study to draw definite conclusions.

TO DO/ACTIONS
1) Evaluate the efficacy of AdV PCR on filtrate of feces – correlation with direct PCR on feces.
2) Evaluate the performance characteristics of the AdV PCR on feces: comparison with cell culture:
correlation, sensitivity and specificity, by dilution of positive samples.
3) Evaluate the possibility for quantitative or semiquantitative PCR on fecal samples
4) Sequencing of samples with positive AdV PCR (serum and stool) to evaluate the causative serotype
5) Further optimalisation of the PCR procedure on stool and introduction of adenovirus PCR on stool
samples in routine for HSCT patients as replacement for adenovirus Ag detection.

ATTACHMENTS
Attachment 1
Adenovirus classification (6,17,18,38,62,63,65)
Serogroup

Serotypes

Most common clinical syndromes

A
B

12,18,31
3,7,11,14,16,21,34,35,50,55

C
D

E

1,2,5,6
8-10,13,15,17,19,20,22-30,32,33,3639,
42-49,51,53,54,56
4

Gastroenteritis, meningo-encephalitis
Upper and lower respiratory tract infections,
pharyngoconjunctival fever, hemorrhagic
cystitis
Upper and lower respiratory tract infections
Epidemic keratoconjunctivitis, conjunctivitis

F
G

40,41
52

Respiratory
tract
pharyngoconjunctival fever
Gastroenteritis
Gastroenteritis

infections,
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Attachment 2: analytical performance characteristics of adenovirus PCR on blood samples
a)

b)

Preanalytical considerations
i.
Patient variables
None described
ii.
Sample stability
Samples should arrive in the laboratory within 48h after sampling.
Analytical considerations
1.

Procedure
In the University Hospitals of Leuven, we use an in-house developed real-time PCR technique using the Applied
Biosystems 7900-Analyzer, after automated DNA extraction on the Abbott m2000 analyzer
Extraction
The sample is lysed in a GUSCN-buffer, followed by binding of the extracted nucleic acid to silica coated magnetic
beads. Subsequently, the beads are washed using 2 types of wash buffers to eliminate impurities, and in the last
step the nucleic acid is eluted from the beads using an elution buffer. An internal control (in-house developed
plasmide DNA) is added to each sample to verify the extraction procedure.
PCR
The adenoviral DNA is amplified using species-specific primers, with real-time detection of the adenoviral DNA
during amplification, using species-specific probes. In positive samples, this results in a real-time PCR amplification
curve with accompanying Ct (cycle threshold) value. This Ct value is inversely associated with the quantity of
adenoviral DNA present in the reaction. Using a standard curve, the quantity of the species DNA can be
determined. For each sample, 2 separate reactions are being performed: one ‘single’ reaction with only detection
of the target species, and a second ‘multiplex’ reaction with detection of the target in the added internal control.

2.

Accuracy
The accuracy of the results is confirmed by yearly participation in EQC programs.

3.

Reproducibility
Reproducibility was tested using 3 adenovirus strains, diluted in different concentrations in EDTA blood. Each
sample was analyzed 18 times in 9 runs. The measured standard deviations are 0.37 Ct in the high range, 0.57 Ct in
the middle range and 0.44 Ct in the low range. This approaches the desired variation of 0.5 Ct, which is the
variation at which we can detect a 4-fold difference in viral load with 95% confidence.

4.

Sensitivity
A sensitivity of at least 95% was obtained for prepared samples with viral loads between 500 copies/ml and 1x10 6
copies/ml, each analyzed 20 times. Equal sensitivity to viral culture was obtained in a correlation study.

5.

Specificity
No cross-reactivity was noted when analyzing DNA extracts containing Pneumocystis jiroveci, Chlamydophila
pneumoniae, Mycoplasma pneumoniae, Legionella pneumophila, HSV type I, HSV type II, VZV, CMV, EBV or
Polyomavirus JC.

6.

Linearity
Acceptable linearity was obtained for viral loads from 500 copies/ml up to 1x106 copies/ml.

c)

Analytical range
Lower detection limit: 500 copies/ml (2.7 log10 copies/ml).
Upper detection limit: 5000000 copies/ml (6.7 log10 copies/ml).

d)

Turn Around Time (TAT)
The adenovirus PCR is performed daily except in weekends, with a turn-around time of less than 36 hours. The analysis
itself takes 7 hours (1 hour preparation, 3 hours extraction, 1 hour pipetting, 1.5 hours amplification, 30 minutes
interpretation. This fast turn-around time provides the PCR technique with a major value as opposed to the adenovirus
cell culture method, which often takes up to 14 days before diagnosis can be made or excluded.

e)

KAL
The clinical tolerance limit is set on 3.5xSD = 2.0 Ct
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Attachment 3: analytical performance characteristics of adenovirus PCR on faeces
a)

b)

Preanalytical considerations
i.
Patient variables
None
ii.
Sample stability
Samples should arrive in the laboratory within 48h after sampling. After arrival, samples were frozen at -20°C for
batch analysis after optimalisation of the procedure
Analytical considerations
1.

Procedure
In the University Hospitals of Leuven, we use an in-house developed real-time PCR technique using the Applied
Biosystems 7900-Analyzer, after semi-automatic DNA extraction of the BioMérieux EasyMAG analyzer.
Extraction
The sample is lysed in a GUSCN-buffer, followed by binding of the extracted nucleic acid to silica coated magnetic
beads. Subsequently, the beads are washed using 2 types of wash buffers to eliminate impurities, and in the last
step the nucleic acid is eluted from the beads using an elution buffer. An internal control (in-house developed
plasmide DNA) is added to each sample to verify the extraction procedure.
PCR
The adenoviral DNA is amplified using species-specific primers, with real-time detection of the adenoviral DNA
during amplification, using species-specific probes. In positive samples, this results in a real-time PCR amplification
curve with accompanying Ct (cycle threshold) value. This Ct value is inversely associated with the quantity of
adenoviral DNA present in the reaction. For each sample, 2 separate reactions are being performed: one ‘single’
reaction with only detection of the target species, and a second ‘multiplex’ reaction with detection of the target in
the added internal control.

2.

Accuracy
Not yet determined

3.

Reproducibility
Not yet determined

4.

Sensitivity
Not yet determined

5.

Specificity
Not yet determined

6.

Linearity
Not yet determined

c)

Analytical range
Not yet determined. At this time, we can only offer qualitative results, with also reporting the cycle threshold (Ct) value
as an additional tool suggesting high or low viral loads. The procedure for quantitative adenovirus detection still has to
be optimalised, depending on the sample types we will choose – either direct PCR on stool samples, which requires
reporting quantitative results in copies/g, or PCR on the filtrate of stool samples, which can be reported in copies/ml.

d)

Turn Around Time (TAT)
The analysis takes about 5 h (1h preparation, 1h extraction, 1 h pipetting, 1.5h amplification, 30 min interpretation. The
exact TAT will depended on the frequence of analysis once the test will be implemented. If the PCR on stool would be
performed daily, a turn-around time of less than 36 hours can be provided, which is a major benefit as opposed to the
cell culture method on stool, which often takes up to 14 days until diagnosis can be made or excluded.
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Attachment 4: overview of PCR samples on blood

Samples received
% of total number of samples
Range (number of samples)
Median (number of samples)
Number of PCR-positive samples
Weak positive
Positive
Strong positive
Number of patients
Number of positive patients
Symptomatic
Asymptomatic

Adults
452

Children
271
62.5%

1-28
2.5
26 (5.75%)
5 (19.2%)
19 (73.1%)
2 (7.7%)
76
7 (9.2%)
4
3

Total
723
37.5%

1-42
7.5
19 (7%)
4 (21%)
13 (68.5%)
2 (10.5%)
22
6 (27,3%)
4
2

45 (6,2%)
9 (20%)
32 (71.1%)
4 (8.9%)
98
13 (13.3%)
8
5

Attachment 5 : Characteristics of 13 patients who developed adenoviremia
Nr Age Transplant

Adenovirem ia Tim e to positivity Max VL

Sym ptom s

Therapy

1

Transient

12.328 copies/ml

Sore throat + odynofagia

Vistide 1x IV Recovery

(4,09 log copies/ml)

Pharyngeal ulcus

65

Haplo-

1x

D +69

identical

Outcom e

AdV culture negative
2

54

Cord blood

Persistent

13x D +76

>5.000.000 copies/ml Abdominal cramps, diarrhea

Vistide IV

(>6,7 log copies/ml)

Initial diagnosis GvHD

w eekly

No improvement w ith CS and

until negative

ATG

PCR

Recovery

Fecal AdV culture positive
3

60

Mini-allogenous Persistent

4x

D +40

PB familial
4
5

6
3

Cord blood
Cord blood

Transient
Transient

2x
2x

D +62
D +14

48697 copies/ml

Fever. Diarrhea -GvHD (APO) Vistide 1x IV Recovery

(4,69 log copies/ml)

Fecal AdV culture negative

962 copies/ml

Diarrhea. Clostridium positive

(2,98 log copies/ml)

Fecal AdV culture positive

<500 copies/ml

No

Recovery

No clinical significance

No

Recovery

2250 copies/ml

Fever. Diarrhea. Clostridium

No

Recovery

(3,35 log copies/ml)

positive
No

Recovery

>5.000.000 copies/ml Disseminated AdV infection

Vistide

Fatal

(>6,7 log copies/ml)

Start D +76

D +107

Vistide

Recovery

(<2,7 log copies/ml)
D +35

<500 copies/ml
(<2,7 log copies/ml)

6

3

Autologous

Transient

2x

D +6

Fecal AdV culture positive
7

4

MUD

Transient

1x

D +223

<500 copies/ml

Asymptomatic

(<2,7 log copies/ml)
8

2

Cord blood

Persistent

8x

D +59

MOF. Multi-infectious.
Fecal AdV culture positive

9

23

Haplo-

Persistent

5x

D +48

identical
10 41

Haplo-

Transient

1x

D +153

identical
11 52

Allogenous
Cord blood

Fever, diarrhea

(3,27 log copies/ml)

Fecal AdV culture positive

693 copies/ml

Fever, respiratory infection

No

Recovery

Asymptomatic

No

Recovery

2738 copies/ml

Diarrhea

No

Recovery

(3,44 log copies/ml)

Upper respiratory tract and

>5.000.000 copies/ml Hemorrhagic cystitis

Vistide

Fatal

(>6,7 log copies/ml)

Start D +65

D +77

(2,84 log copies/ml)
Transient

1x

D +83

Sibling
12 12

1849 copies/ml

<500 copies/ml
(<2,7 log copies/ml)

Persistent

4x

D +41

fecal AdV culture positive
13 54

Mini-

Not

allogenous

determined

MUD

1x

D +62

kidney failure, TTP
AdV PCR urine positive
> 5,000,000 copies/m l
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Attachment 6: Risk factors for viremia and disseminated disease; Lion et al. (21).

* In univariate analysis, the presence of intestinal infection with peak VL > 10e6 copies/gram was a highly
significant risk factor for the occurrence of viremia (p<0.0001). Absence or low AdV VL (<10e6) predicted
a very low risk of adenoviremia (p<0.0001)
* Multivariate analysis: AdV positivity at high levels in stool (>10e6) remained highly significant as risk
factors for viremia and disseminated disease (p<=0.001). Acute GvHD grade III-IV and a lymphocyte count
below 300 CD3+ cells per µl in peripheral blood were associated with increased risk of AdV viremia and/or
disseminated disease (examined variables: underlying disease, donor type, conditioning, T-cel depletion in
vivo or ex vivo, acute GvHD, lymphocyte reconstitution > 300 cells/µl within 30 days)

Attachment 7: Correlation between PCR cycle threshold and results of viral culture of stool samples (1 = positive,
0 = negative)
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Attachment 8: Characteristics of patients with positive stool PCR
Nr Age

Transplant

4

6y

Cord blood

5

3y

Cord blood

6

3y

Autologous

7

4y

MUD

8

2y

Cord blood

12 12 y

Cord blood

14
15
16 10 y

17 21 mnd MUD

18 11 y

MUD

19 3 y
20 14 y

Autologous
Allogenous
Sibling

21 13 y

Allogenous

22 11 y
23 19 y

Autologous
MUD 2x

PCR feces
Viral culture Ag detection Adeno- Interpretation/com m ents
Ct
Days post-Tx stool
stool
virem ia
19,6 D +87
positive
negative
yes
Viral culture feces positive since D +59
Transient adenoviremia on D +62. Max VL 962 copies/ml
D107: AdV positive respiratory sample
Positive
37,7 D -4
negative
negative
Positive (weak) 35,9 D 0
negative
negative
Positive
31,4 D +14
negative
negative
yes
No clinical significance. No treatment started.
Negative
0
D +21
negative
negative
Transient adenoviremia (VL < 500 copies/ml) D +14 and D +35
Positive
27,2 D +44
negative
negative
Treatment with Cymevene for CMV
Positive
27,9 D +56
positive AdV negative
D84: AdV positive respiratory sample
Positive
29,6 D +70
negative
negative
Positive
25,9 D +113
negative
negative
Positive
27,4 D +133
negative
negative
Positive
25,4 D +147
negative
negative
Positive
30,1 D +182
negative
negative
Positive
13,6 D +5
positive AdV negative
Yes
Fever, diarrhea. No other focus. No therapy
Positive (weak) 37
D +13
negative
negative
Adenoviremia D +5 and D +6; max VL 2250 copies/ml
Positive (weak) 38,5 D +34
negative
negative
Negative
0
D +3
negative
negative
Negative
0
D +10
negative
negative
Negative
0
D +17
negative
negative
Negative
0
D +73
negative
positive
No
Negative
0
D +93
negative
negative
Negative
0
D +100
negative
negative
Negative
0
D +128
negative
negative
Late transient adenoviremia on D +223, <500 copies/ml
Positive (weak) 36,9 D +17
negative
negative
Invasive and disseminated AdV infection. Also EBV reactivation
Positive
19,1 D +55
positive
negative
yes
Progressive adenoviremia since D +59 with VL exceeding 5.000.000 copies/ml
Positive
13,1 D +66
positive
negative
Hepatitis, viral meningitis, quick evolution to MOF with fatal outcome
Cidofovir start D+76. Death D+107
Positive
18,5 D +69
positive
negative
yes
Adenoviremia D +41 until D +63, max VL 2738. Diarrhea DD GvHD DD adenovirus
Positive
29,1 D +84
negative
negative
Feces culture positive D +55 and D +69
Oropharynx culture positive D +41 and D +70
Positive (weak) 34,3 D +363
negative
negative
No
Relapsing diarrhea and dehydration, considered and treated as GvHD.
Development of adrenal insufficiency secondary to steroid treatment
Negative
0
D +483
negative
negative
No
Positive (weak) 35,9 D -39
negative
negative
No
Pre-transplant
Negative
0
D -4
negative
negative
Positive
32
D +98
negative
negative
No
Fever and respiratory distress. PCR BAL negative.
Nausea, vomiting, diarrhea, elevated liver function tests.
Treated as GvHD.
Positive
29,4 D -4
negative
negative
No
Pre-Transplant
Negative
0
D +3
negative
negative
Negative
0
D +10
negative
negative
Negative
0
D +17
negative
positive
No symptoms
Negative
0
D +24
negative
negative
Negative
0
D +38
negative
negative
Negative
0
D +45
negative
negative
Negative
0
D +52
negative
negative
Positive (weak) 44,1 D +60
negative
negative
No symptoms
Negative
0
D +67
negative
negative
Negative
0
D +81
negative
negative
Positive
23,4 D +199
positive
negative
No
Anorexia, vomiting, diarrhea. Considered and treated as GvHD.
Negative
0
D +227
no sample
no sample
Negative
0
D +230
negative
negative
Negative
0
D +269
negative
negative
Negative
0
D +276
negative
negative
Negative
0
D +298
negative
negative
Negative
0
D +311
negative
negative
Negative
0
D +318
negative
negative
Negative
0
D +355
negative
negative
Negative
0
D +20
negative
negative
No
Negative
0
D +7
negative
negative
No
Negative
0
D +14
negative
negative
Res
Positive

Negative
Positive (weak)
Positive
Negative
Positive (weak)
Negative
Negative
Negative
Negative
Negative
Negative
Positive (weak)

0
39,4
39,7
0
35,9
0
0
0
0
0
0
37,4

D +16
D +37
D +44
D +13
D +370
D+448
D +32
D +39
D +46
D +60
D +67
D +97

negative
negative
negative
negative
negative
no sample
negative
negative
negative
negative
negative
negative

negative
negative
negative
negative
negative
no sample
negative
negative
negative
negative
negative
negative

No

No
No

Bloody diarrhea since D +31; treated as bowel GvHD
Patient received high doses of steroids and anti-TNF. Secondary to immunesuppression, development of fatal invasive aspergillosis.
Weight loss and diarrhea: intestinal GvHD (biopsy proven + cryptosporidium)

Diarrhea, nausea. Cryptosporidium infection under control. No GvHD on
histopathology, yet still treated with steroids.
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The following charts show the evolution of adenoviremia over time, with paired results for stool culture, stool Ag, respiratory culture and, if
available, stool PCR, urine PCR or CSF PCR. The green line in the chart represents the lower detection limit of 2.7 log copies/ml/

Nr Age Transplant

Adenoviremia Time to positivity Max VL

Symptoms

Therapy

1

Transient

12.328 copies/ml

Sore throat + odynofagia

Vistide 1x IV Recovery

(4,09 log copies/ml)

Pharyngeal ulcus

65

Haplo-

1x

D +69

identical

Outcome

AdV culture negative

Blue arrow: start of cidofovir therapy. Adenovirus PCR negative 9 days after start of treatment

Nr Age Transplant

Adenovirem ia Tim e to positivity Max VL

2

Persistent

54

Cord blood

13x D +76

Therapy

Outcom e

>5.000.000 copies/ml Abdominal cramps, diarrhea

Sym ptom s

Vistide IV

Recovery

(>6,7 log copies/ml)

Initial diagnosis GvHD

w eekly

No improvement w ith CS and

until negative

ATG

PCR

Fecal AdV culture positive

Green arrow: hospitalization for diarrhea and dehydration. Treated as GvHD (steroids and ciclosporin + later ATG). No improvement.
Blue arrow: start of cidofovir therapy. First rising viral load with a maximum of 6.7 log copies/ml 3 weeks after initiation of therapy, thereafter
decrease of viral load.
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3

60
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Adenoviremia Time to positivity Max VL

Mini-allogenous Persistent

4x

D +40

PB familial

Symptoms

Therapy

Outcome

48697 copies/ml

Fever. Diarrhea -GvHD (APO) Vistide 1x IV Recovery

(4,69 log copies/ml)

Fecal AdV culture negative

Green arrow: hospitalization for diarrhea, anorexia, weakness. Diagnosed and treated as grade III-IV GvHD (biopsy-proven). Treated with
steroids, ciclosporin, mycophenolate.
At time of first positive adenovirus PCR on blood: fever, persisting diarrhea.
Blue arrow: start of cidofovir therapy. Viral load already dropped spontaneously with 1 log before starting cidofovir.

Nr Age Transplant

Adenovirem ia Tim e to positivity Max VL

Sym ptom s

Therapy Outcom e

4

Transient

Diarrhea. Clostridium positive.

No

6

Cord blood

2x

D +62

962 copies/ml

Recovery

GvHD.
Stool culture positive since D+59.
Stool PCR positive D+87 (only sample)
(2,98 log copies/ml)

Respiratory culture positive D+107.

Green arrow: hospitalization for CMV reactivation. Development of diarrhea, at first considered as GvHD. Stool sample: first clostridium
positive, later adenovirus positive. Treatment with Flagyl and Foscarnet. No cidofovir started.
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Nr Age Transplant

Adenovirem ia Tim e to positivity Max VL

Sym ptom s

Therapy Outcom e

5

Transient

<500 copies/ml

No clinical significance

No

(<2,7 log copies/ml)

Treatment w ith Cymevene for CMV

<500 copies/ml

Continuously positive stool PCR from

(<2,7 log copies/ml)

D-4 until D+182. Asymptomatic shedding.

3

Cord blood

2x

D +14
D +35

Recovery

D+84: positive respiratory sample.

Nr Age Transplant

Adenoviremia Time to positivity Max VL

Symptoms

Therapy Outcome

6

Transient

2250 copies/ml

Fever. Diarrhea. Clostridium positive.

No

(3,35 log copies/ml)

Fecal AdV culture positive

3

Autologous

2x

D +6

Recovery

Possibly already AdV positive pretransplant
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Nr Age Transplant

Adenoviremia Time to positivity Max VL

Symptoms

Therapy Outcome

7

Transient

Asymptomatic

No

4

MUD

1x

D +223

<500 copies/ml

Recovery

(<2,7 log copies/ml)

Nr Age Transplant

Adenovirem ia Tim e to positivity Max VL

8

Persistent

2

Cord blood

8x

D +59

Therapy

Outcom e

>5.000.000 copies/ml Disseminated AdV infection.

Sym ptom s

Vistide

Fatal

(>6,7 log copies/ml)

Start D +76 D +107

Progressive adenoviremia
Hepatitis, viral meningitis.
Also EBV reactivation and E. coli sepsis.
Quick evolution to MOF.
Fecal AdV culture positive

Green arrow: hospitalization for fever and dyspnea.
Blue arrow: start cidofovir (adenoviral infection first treated with foscarnet for 2 weeks, with no effect).
The patient succumbed 15 weeks after transplantation due to multiple organ failure caused by the combination of EBV reactivation,
disseminated adenovirus infection and E. coli sepsis.

pagina 25/32

CAT adenovirus

Dr. K. De Vreese

Nr Age Transplant

Adenoviremia Time to positivity Max VL

Symptoms

Therapy

Outcome

9

Persistent

1849 copies/ml

Fever, diarrhea

Vistide

Recovery

(3,27 log copies/ml)

Fecal AdV culture positive

23

Haplo-

5x

D +48

identical

Blue arrow: start cidofovir for positive stool culture and adenoviremia.

Nr Age Transplant

Adenoviremia Time to positivity Max VL

Symptoms

Therapy

Outcome

10 41

Transient

Fever, respiratory infection

No

Recovery

Haploidentical

1x

D +153

693 copies/ml
(2,84 log copies/ml)
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Nr Age Transplant

Adenoviremia Time to positivity Max VL

Symptoms

Therapy

Outcome

11 52

Transient

Asymptomatic

No

Recovery

Allogenous

1x

D +83

Sibling

<500 copies/ml
(<2,7 log copies/ml)

Nr Age Transplant

Adenoviremia Time to positivity Max VL

Symptoms

Therapy

Outcome

12 12

Persistent

2738 copies/ml

Diarrhea, considered as GvHD

No

Recovery

(3,44 log copies/ml)

Respiratory culture positive D+41 and D+70

Cord blood

4x

D +41

Stool culture positive D+55 and D+69

Patient was still hospitalized after stem cell transplantation, when he developed diarrhea. Treated as GvHD. Retrospectively, adenovirus would
have probably been the cause.
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Nr Age Transplant

Adenoviremia Time to positivity Max VL

13 54

Mini-

Not

allogenous

determined

MUD

1x

D +62

Therapy

Outcome

>5.000.000 copies/ml Hemorrhagic cystitis

Symptoms

Vistide

Fatal

(>6,7 log copies/ml)

Start D +65 D +77

kidney failure, TTP
AdV PCR urine positive
> 5,000,000 copies/ml

Green arrow: transfer from Hasselt where patient was hospitalized since one week because of hematuria, kidney failure and fever.Transfer to
medium care UZ Leuven because of encephalopathy caused by TTP. Persistent fever, hematuria and kidney failure. Treatment with steroids
(tentative diagnosis GvHD). The patient succumbed to refractory epilepsy caused by intracranial masses.
Blue arrow: start cidofovir based on positive blood PCR.
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Attachment 10: patients with positive stool adenovirus PCR without adenoviremia

Nr Age

Transplant

14 3 y

MUD

Nr Age

Transplant

16 10 y

PCR feces
Viral culture Ag detection Adeno- Interpretation/comments
Res
Ct
Days post-Tx stool
stool
viremia
Positive (weak) 34,3 D +363
negative
negative
No
Relapsing diarrhea and dehydration, considered and treated as GvHD.
Development of adrenal insufficiency secondary to steroid treatment

PCR feces
Viral culture
Res
Ct
Days post-Tx stool
Positive (weak) 35,9 D -39
negative
Negative
0
D -4
negative
Positive
32
D +98
negative

Ag detection
stool
negative
negative
negative

Adeno- Interpretation/com m ents
virem ia
No
Pre-transplant
No

Fever and respiratory distress. PCR BAL negative.
Nausea, vomiting, diarrhea, elevated liver function tests.
Treated as GvHD.
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Nr Age

Transplant

17 21 mnd MUD

Nr Age
18 11 y

PCR feces
Viral culture
Res
Ct
Days post-Tx stool
Positive
29,4 D -4
negative
Negative
0
D +3
negative
Negative
0
D +10
negative
Negative
0
D +17
negative
Negative
0
D +24
negative
Negative
0
D +38
negative
Negative
0
D +45
negative
Negative
0
D +52
negative
Positive (weak) 44,1 D +60
negative
Negative
0
D +67
negative
Negative
0
D +81
negative

Transplant
MUD

Dr. K. De Vreese

Res
Positive
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative

PCR feces
Ct
Days post-Tx
23,4 D +199
0
D +227
0
D +230
0
D +269
0
D +276
0
D +298
0
D +311
0
D +318
0
D +355

Viral culture
stool
positive
no sample
negative
negative
negative
negative
negative
negative
negative

Ag detection Adeno- Interpretation/com m ents
stool
virem ia
negative
No
Pre-Transplant
negative
negative
positive
No symptoms
negative
negative
negative
negative
negative
No symptoms
negative
negative

Ag detection Adeno- Interpretation/com m ents
stool
virem ia
negative
No
Anorexia, vomiting, diarrhea. Considered and treated as GvHD.
no sample
negative
negative
negative
negative
negative
negative
negative
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21 13 y

Allogenous
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PCR feces
Viral culture
Res
Ct
Days post-Tx stool
Negative
0
D +16
negative
Positive (weak) 39,4 D +37
negative
Positive
39,7 D +44
negative

Ag detection Adeno- Interpretation/comments
stool
viremia
negative
No
Bloody diarrhea since D +31; treated as bowel GvHD
negative
Patient received high doses of steroids and anti-TNF. Secondary to immunenegative
suppression, development of fatal invasive aspergillosis.

Patient died at day +67 due to invasive aspergillosis

Nr Age

Transplant

23 19 y

MUD 2x

PCR feces
Res
Ct
Days post-Tx
Positive (weak) 35,9 D +370
Negative
0
D+448
Negative
0
D +32
Negative
0
D +39
Negative
0
D +46
Negative
0
D +60
Negative
0
D +67
Positive (weak) 37,4 D +97

Viral culture
stool
negative
no sample
negative
negative
negative
negative
negative
negative

Ag detection Adeno- Interpretation/com m ents
stool
virem ia
negative
No
Weight loss and diarrhea: intestinal GvHD (biopsy proven + cryptosporidium)
no sample
negative
negative
negative
negative
negative
negative
Diarrhea, nausea. Cryptosporidium infection under control. No GvHD on
histopathology, yet still treated with steroids.
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Figure 2. How I treat AdV in HSCT recipients: treatment guideline. Refer to the text for a detailed explanation. Lympho. Prolif. Inh. Indicates lymphocyte
proliferation inhibitor (eg, cyclosporin A, CsA); *alternative cidofovir 5 mg/kg intravenously weekly. **For centers that have theAdV CTLs (cytotoxic cell lines)
readily available, CTLs are immediately initiated for all high-risk patients and for all patients with AdV symptoms before awaiting cidofovir effect.

pagina 32/32

