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HSCT
 HAdV has the highest impact on morbidity, graft survival, and

mortality in profoundly T cell–depleted transplant recipients,
especially in children and in patients after HSCT (Florescu DF, Hoffman JA. Am
J Transplant 2013; 13(Suppl 4): 206–211.)

 Poor and late reconstitution is a factor associated with increased
risk of adenovirus disease in HSCTR. (Moss and Rickinson Nature Reviews
Immunology 2005; 5: 9–20)

SOT
 Adenovirus (HAdV) infections have been reported in wide range of

SOT population, including those receiving heart, lung, liver
intestinal and kidney transplants. (Hoffman JA, Ped Transpl 2006 10:17-25)

 Asymptomatic HAdV DNA-emia is common among SOT recipients
and generally is not associated with progression to symptomatic
disease. (Humar et al. Am J Transplant 2005; 5:2555-2559)

HAdV infections in HSCT and SOT: State of art 



Viral structure and genome

 Linear, double-stranded DNA (≈34–36 kb in size)

 The virions are non-enveloped icosadeltahedrons

 The capsid comprises 240 capsomeres, which
consist of hexons and pentons. The 12 pentons,
which are located at each of the vertices, have a
penton base and a fiber.

 There are currently over 60 HAdV types in seven
species (human adenovirus A–G), with HAdV-D
containing the most members.



 Hexon, penton and fiber proteins are the
most immunogenic parts of the HAdV capsid.

 Fiber and penton are targeted by neutralizing
antibodies preventing viral entry, whereas
antibodies directed to hexon prevent HAdV
uncoating and genome delivery to the
nucleus.

 Hexon is highly conserved across human
HAdV species and has been used as an
important antigen for monitoring of HAdV-
specific T-cells.
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 Adenoviruses primarily infect children and less commonly infect adults.

 Spread by aerosol, close contact or oral-fecal route.

HAdV pathogeneis

 Virus infects first mucoepithelial cells causing direct cell damage.

 Virus persist in lymphoid tissue

 Disease is determined by the tissue tropism of a HAdV type.
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Clinical syndromes and HAdV types
• Acute respiratory disease (URTI and LRTI)
• Pharyngoconjunctival fever
• Epidemic keratoconjunctivitis
• Gastroenteritis and diarrhea



Patients receiving stem cell transplantation and with T-cell deletion
and lymphopenia are at risk for serious adenovirus infections.

Infections in these patients may cause variable manifestations
including:
 hemorrhagic cystitis
 pneumonia
 nephritis
 gastroenteritis
 Disseminated infection with organ localization preceded by viremia

Infection occurs either by reactivation of old infection or by
exogenous transmission from other infected hosts.

Clinical syndromes – Immunocompromised patients



Laboratory diagnosis
 Samples types should be collected  from a site or secretion relevant 

to the disease symptoms.
- Respiratory samples (NPA, nasal swabs, BAL)
- Conjunctival swabs or scrapings
- urine
- Stool
- Peripheral Blood
- Biopsy (organ localization)

 qReal-time PCR can be used to detect and quantify HAdV.

 Sequencing of Hexon gene for typing.

 Serologic testing is rarely used except for epidemiologic purposes.



HAdV-specific Immunity decrease with older age

IgG

Sester et al., 2002 JID 185:1379-1387

T-CD4

 IgG level reflects the exposure of young people at HAdV infections.
 HAdV-specific T cells did not differ between transplant recipients and

control subjects.
 The absolute frequencies and the percentage of individuals with detectable

virus-specific T cells were significantly higher in younger individuals,
compared with those of the older individuals.

IgG



Absolute lymphocyte counts <300/μL predict poor outcome.

Increasing lymphocyte counts and the appearance of ADV-specific
CD4 and CD8 T cells have been correlated with clearance of viremia.

HAdV-specific Immunity (Sester et al. Am J Transpl 2016;16 (6):1697-1706.C

SOTR Chemotherapy or HSCTR

HSCTRimmunocompetent



Risk factor for HAdV disease
 Very young age (<5 years)
 T-cell depletion
 Immunosuppression

 Detectable immunity reflects ongoing viral exposure, explaining the
particular susceptibility of immunocompromised children for
infectious complications.

 The functional role of HAdV-specific T-cells is supported by results
of adoptive HAdV-specific T-cell transfer that successfully
prevented or cleared HAdV replication in pediatric HSCT recipients.
(Papadopoulou A et al. Sci Transl Med 2014; 6(242): 242–283.)

 Little evidence supports surveillance for HAdV-specific T-cells after
SOT, but its application would reasonably be focused on pediatric
patients. (Florescu DF, et al. Transplantation 2010; 90(2): 198–204.)

HAdV-specific Immunity



Treatment and Control
 Cidofovir (i.v) → ( side effects on kidney)
Risk of renal toxicity was 26% in HSCTR and most of toxicity was mild
(Ljungman et al., Bone Marrow Transp 2003;31:481-486)

 Infusion of donor derived HAdV-specific T-Cells (only
in experienced centers)

 Reduce immunosoppression (if possibile)

Others

 Ribavirin (not reccomended)

 Brancidofovir ?? Only case reports so far

Because of toxicity and limited effectiveness, cidofovir is still not ideal,
but, when used as a preemptive therapy, it is a reasonably safe
option to buy time until immune recovery.



HAdV DNA load: Frequency of monitoring

Early detection of HAdV viremia is helpful for starting therapy within a
certain timeframe before the occurrence of disease symptoms.

The monitoring of HAdV load is based on stratification of patients based 
on risk. 

 Low risk – HSCT - family haploidentical donor
No monitoring, only based on clinical signs

 Medium risk – HSCT – Match Unrelated Donor (MUD)
Ones at month up to to 100 days after TX

 High risk – HSCT- cord blood and T cell–depleted graft recipients
Ones a week up to 100 days after TX and 



Caroline A. Lindemans et al. Blood 2010;116:5476-5485

Treatment guideline: HSCT recipients 
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Adenovirus infection in HSCTR or in chemotherapy: 
Our experience 2015-2017

In 14/37 (37.8%) HAdV episodes only one sample
was positive, while in 23/37 (62.2%) episodes at
least 2 samples were positive.
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 A total of 35/172 (20.3%) pediatric patients and
2/70 (2.9%) adults patients had at least one
positive blood sample.

 Among pediatric patients 33/35 (94.3%) had a
single episode of HAdV infections, while 2/35
(5.3%) had two HAdV episodes.

Pediatric
N=14N=23



Adenovirus infection in HSCTR or in chemotherapy: 
Our experience 2015-2017
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Median duration of HAdV episode: 20 days (range 3-90 days)



Adenovirus screening in pediatric HSCTR

 Single center 2003-2012 (GER)

 Prospective weekly HAdV screening (n=238)

- Mostly type A31, C1, C2

 HAdV load >1000 DNA copies/ml in 15.5%

 Limited direct mortality 0.84%

 peak HAdV blood levels of >10,000 copies/mL were an independent risk
factor of poor overall survival.

 Cidofovir i.v. treatment – Possibily stabilized/decreased HaDV load by 1 log10



HAdV load with Cidofovir vs T-cell Recostitution

 Children (n=36 4,5 yrs) – pediatric allo HCT in Leiden (NL) 2003-2012

 Monitor weekly: HAdV DNA load, T-cells (CD3+, CD14-) and NK cells (CD56+,
CD14-)

 HAdV clearence correlated with ↑ T-cells

 Cidofovir at 1mg/kg 3x/wk only stabilizes HAdV load



Take home messages

 Children >>> Adult and HSCT >>>SOT

 T-cell reconstitution remains essential for viral clearance.

 Patients with HAdV viremia after HSCT might benefit from
cidofovir treatment through a stabilization of the HAdV load
but depending lymphocyte reconstitution for HAdV
elimination.

 Therefore, adoptive T-cell therapy should be considered in
patients not responding to cidofovir treatment.

 For clinical decision-making, the combined weekly monitoring
of blood HAdV DNA levels and lymphocyte reconstitution
provides an objective tool for the guidance of personalized
antiviral treatment and prevention of unnecessary exposure to
cidofovir.
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