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Abstract: Adenovirus is a family of double stranded DNA viruses that are a significant cause of
upper respiratory tract infections in children and adults. Less commonly, the adenovirus family
can cause a variety of gastrointestinal, ophthalmologic, genitourinary, and neurologic diseases.
Most adenovirus infections are self-limited in the immunocompetent host and are treated with
supportive measures. Fatal infections can occur in immunocompromised patients and less
frequently in the healthy. Adenoviral vectors are being studied for novel biomedical
applications including gene therapy and immunization. In this review we will focus on the
spectrum of adenoviral infections in humans.
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Introduction: Adenoviruses are ubiquitous double stranded DNA viruses that are most
commonly associated with pediatric illnesses of the upper respiratory tract including the
common cold. Adenovirus can also manifest with gastrointestinal, ophthalmologic,
genitourinary, and neurologic symptoms. In this discussion we will review the pathobiology of
the virus and the broad clinical spectrum of disease manifestation in immunocompetent and
immunocompromised patients. We will review global trends along with management
strategies.

Structure: The adenovirus family is comprised of relatively large icosahedral non-enveloped
viruses with linear double stranded DNA [1], classified into seven species (A to G) [2].
Structurally, adenovirus is composed of two major elements, the outer capsid and the inner
core in which viral DNA is enclosed. Over 60 human adenovirus [2] serotypes have been
identified based upon antigenic determinants detected by viral neutralization assays and
hemagglutination studies.

Biology of infection: Adenoviral infection is initiated by elongated fiber proteins from the virus
interacting with multiple host cell receptors resulting in cell attachment and internalization.
Two of the most studied host receptors are the CAR (Coxsackie and Adenovirus Receptor [3])
found on multiple polarized epithelial cells and the MCP (Membrane Cofactor protein [4]) or
CD46, widely distributed on the surface of many different host cells. After interaction with host
cell receptors, there is integrin-mediated endocytosis [5]. The virus particles then undergo
uncoating, with dissolution of the viral protein capsid in the endosome. Subsequently
adenovirus undergoes dynein-dependent translocation along microtubules through the
cytoplasm [6] towards the nuclear pore complex with translocation into the nucleus [7]. Various
components of both innate and acquired immunity block receptor interactions, virus entry,
endosomal penetration and translocation. Specifically garnering interest is an arm of innate
immunity, termed the human alpha defensins, which are found to directly bind to and inhibit
the viral capsid, but further studies are needed to maximize understanding and potential
benefit from targeted immunotherapy [8].

Transmission: Transmission of adenovirus can occur by aerosol droplets, fecal-oral
transmission, and contaminated fomites. Rarely seen is transmission via exposure to cervical
canal secretions [9] during birth and in solid organ transplant [10], especially the liver and
kidney. The virus can survive for extended periods on environmental surfaces and is resistant to
lipid disinfectants because it is nonenveloped, however, it is inactivated by heat, formaldehyde,
and bleach.

Epidemiology and global trend: In 1953, adenoviruses were first isolated by Rowe and
colleagues while studying the growth of polioviruses in adenoidal tissue [11]. Adenovirus is
found worldwide and infections can occur during any season. Young children, close-quartered
populations such as crowded communities, schools, military training camps [12], along with
immunocompromised individuals are susceptible populations.

In the United States, disease surveillance is done by the National Adenovirus Type Reporting
System (NATRS), a passive laboratory-based surveillance system that coordinates reporting of
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laboratory detections of human adenovirus types. Participating laboratories are encouraged to
report typed human adenovirus detections quarterly to CDC accompanied by limited
demographic, clinical, and laboratory data. According to the most recent data, NATRS received
reports for 2,138 human adenoviral detections among specimens collected during 2003—2016
[13]. The data within the period 2003 to 2013 represented retrospective collection from
reporting laboratories with formal surveillance starting in 2014. The most commonly reported
specimen types were respiratory followed by ocular swabs [13]. The number of identified
infections ranged from two in 2003 to 269 in 2014 when data collection formally began and
increased to 362 in 2016. The report, however, was subject to limitations given that it was a
passive system relying on voluntary participation from laboratories, possible biased data from
outbreak investigations and nonrandom sampling, and limited laboratory capacity to test for
specific adenoviral types and reporting in a timely fashion. Furthermore, given the self-limited
disease course, patients often do not seek medical attention for the common cold and viral
upper respiratory infections. If seen by a medical provider, a viral culture is often not
warranted. The NATRS data is therefore, likely to be an under representation of the actual
number of adenoviral cases. Therefore, the NATRS is currently focusing on increasing the
number of participating laboratories, helping in building and maintaining capacity for virus
identification and stressing timely reporting of data.

According to the WHO, the exact prevalence and incidence of adenoviral infections are
unknown given that most of the cases are self limited, seen by general practitioners and
optometrists [14]. However, in the last few years, especially in Asia, a large-scale population,
with outbreak numbers in the hundreds [15, 16, 17], has suffered from adenoviral infections
presenting as acute respiratory distress syndrome (ARDS) in high frequency with outbreaks in
Malaysia [16], South Korea [17] and China [15, 18] among others. Immunocompromised
patients have a greater risk of disseminated disease and increased mortality compared to
patients with intact immune systems [19]. These outbreaks can be viewed as an opportunity for
better study of the strains, predisposing factors, and the molecular biology [20] of the host-viral
interactions responsible for disease and severity.

The diverse worldwide military [12] population remains a vulnerable target for the virus, as
described by studies done on military personnel at various locations, from California to South
Korea [21]. Interestingly, the immunocompetent nonmilitary such as those in healthcare have
not been studied in detail, but existing research does not support routine vaccination yet [22].
In the United States, an older vaccine against adenovirus types 4 and 7 was given to military
recruits from 1971 to 1999, but production was stopped in 1999 given concerns of safety and
efficacy. There was a dramatic rise in number of infections noted in the military after that, with
spikes in both febrile respiratory illnesses and number of hospitalizations due to adenovirus
[23]. Subsequently, a surge of research gave way to reinvigorated use of a new live, oral vaccine
against adenovirus types 4 and 7 and was approved by the U.S. Food and Drug Administration
in March 2011 for U.S. military personnel 17 through 50 years old. The vaccine is currently
recommended by the U.S. Department of Defense for military recruits entering basic training in
order to prevent acute respiratory disease [23, 24]. As per a study done in 2014, reintroduction
of the vaccines resulted in 100 fold decline in adenoviral disease burden in the first two years,
from 5.8 to 0.02 cases per 1000 person-weeks, with P value of <0.0001 [23].
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Disease spectrum: The spectrum of clinical disease differs with age, immune status and
population characteristics. Upper respiratory tract infections (URI) are among the most
common while pneumonia and diarrhea are the most deadly in infants. Older children also
present with URI most commonly, while pharyngoconjunctivitis (pink eye, swimming pool
conjunctivitis which is non-purulent), hemorrhagic cystitis, and mesenteric adenitis are often
seen as well. Epidemic keratoconjunctivitis (shipyard conjunctivitis) and ARDS are the main
concerns in young military recruits. Immunocompromised patients are susceptible to the
disease manifestations listed above along with meningoencephalitis, interstitial nephritis, and
gastroenteritis. During the last global survey, approximately one-fifth of all adenoviral
infections reported to the World Health Organization (WHO) were attributed to serotypes 7
and 14, including outbreaks of severe disease [25].

Epidemic Keratoconjunctivitis is one of the most frequent ocular manifestations of adenoviral
infection, exhibiting ubiquitous distribution across the world. Due to its high frequency and the
fact that many of the cases do not obtain medical attention, it is difficult to acquire precise
statistical data on its incidence. Conjunctivitis is commonly caused by serotypes 8, 19 and 37
[26]. Patients usually complain of a prodrome of flu-like symptoms including fever, malaise,
respiratory symptoms, diarrhea, and myalgia, sometimes with a recent history of
ophthalmological examination or exposure within the family or at work. Ocular symptoms
manifest with irritation, soreness, red eye, photophobia, foreign body sensation, excessive
tearing, and in more severe cases, with ocular and periorbital pain and decreased visual acuity
[27]. lpsilateral pre-auricular lymphadenopathy is a classic finding as well. Bacterial
superinfection, although not common, is particularly severe in pediatric patients and could lead
to amblyopia [28].

Pharyngoconjunctival fever is primarily attributed to serotype 3 [29], which has caused
outbreaks in children in schools and summer camps. The clinical features include fever,
pharyngitis, rhinitis, cervical adenopathy and bulbar and palpebral conjunctivitis with moderate
follicular reaction. Bacterial superinfection and ocular complications are much less frequent.
The main sources of infection are contaminated waters of swimming pools and water reservoirs
[29].

Adenoviral pneumonia is another clinically important entity and serotypes 3, 7, 14, 21 and 55
have been associated with severe and complicated presentations [25, 30]. Patients typically
have a prodrome of fever, malaise, myalgia with progressively worsening cough and dyspnea,
unresponsive to empiric antibiotic therapy. Adenovirus was more commonly the causative
agent of viral pneumonia in infants compared to older children and was also found to cause
severe disease more often, with lethargy, diarrhea and vomiting, according to a study done in
community acquired pneumonia requiring hospitalization in the United States [31, 32].

Extrapulmonary complications can occur, including meningoencephalitis, hepatitis, myocarditis,
nephritis, neutropenia, and disseminated intravascular coagulation [32, 33]. Increased
activation of the immune system, especially macrophages, can result in hemophagocytic
lymphohistiocytosis [34]. Severe pneumonia requiring mechanical ventilation and death is most
often described in newborn, elderly or immunocompromised patients, but has also been
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reported in immunocompetent adults [35, 36]. These present with severe symptoms,
radiographic findings of bilateral pulmonary infiltrates similar to those of other viral
pneumonias, negative bacterial cultures and non-response to antibiotic therapy.

Adenoviral pneumonia in immunocompetent individuals presents with chest CT scan findings of
subpleural and peribronchovascular consolidation with or without surrounding ground glass
opacities [37, 38]. A single center study done in a tertiary care hospital in Korea in 2016
suggested that large parenchymal involvement and presence of pleural effusion on CT are
factors suggestive of progression to ARDS [39]. Some of the most common pathologic changes
seen in the lungs were necrotizing bronchitis and bronchiolitis. The surviving bronchial
epithelium frequently exhibited viral induced proliferation, mononuclear cell infiltration, and
hyaline membranes [40, 41].

Severe cases of respiratory failure due to adenoviral pneumonia have been described in
literature in which conventional mechanical ventilation had failed and patients required
extracorporeal membrane oxygenation (ECMO) support [42]. A prospective study done in China
in 2013-2014 described patients with persistent high fever, dyspnea and rapid progression to
respiratory failure within 2 weeks, together with bilateral consolidations and infiltrates. These
patients were found to have adenovirus serotype 55 induced severe ARDS. The study suggested
viral load monitoring as a potential predictor of disease severity and prompt use of ECMO for
respiratory support if positive pressure ventilation failed [43].

Enteric viruses are major etiologic agents of acute gastroenteritis (AGE) among infants and
young children worldwide. Enteric adenoviruses of subgroup F [44] and serotype 40 and 41 are
recognized as frequent causes of acute gastroenteritis [45]. Outbreaks of AGE often occur in
clusters, such as schools, camps, and daycare centers. Previous studies in children were mainly
focused on community-acquired infection, but more recently, healthcare-associated adenoviral
AGE is being more closely studied [44, 46-48]. Along with rotavirus and norovirus, adenovirus
has emerged as one of the leading causes of viral AGE in both these settings, with
immunocompromised patients possibly infected with multiple viruses and shedding viruses in
their stools for prolonged periods [47, 48]. Some studies even suggest adenovirus as the main
cause of hospital acquired AGE [44].

In the urinary tract, adenovirus has been well known to cause acute hemorrhagic cystitis in
children. Urogenital disease is less common in adults, but may present with urethritis.
Hemorrhagic cystitis in children can be alarming at presentation, but is usually self limiting and
unaccompanied by the systemic signs of fever, hypertension, proteinuria associated with
glomerulonephritis. The strains most often implicated in hemorrhagic cystitis are subgroup B
serotypes 11 and 21 [49, 50]. The duration of illness varies from 4-5 days to 2 weeks [49] with
active viral shedding. In immunocompromised patients, serotypes 11, 34, and 35 have been
found to cause tubulointerstitial nephritis [51] in addition to hemorrhagic cystitis.

Other adenoviral infections include meningitis [52, 53], which presents rarely in
immunocompetent adults and myocarditis [54, 55], which is found more often in children.
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In the immunocompromised [56] population, adenovirus is implicated in a wider spectrum of
disease. Factors conferring high risk of invasive infection and disseminated disease include stem
cell or solid organ transplantation [57, 58], congenital immunodeficiencies like severe combined
immunodeficiency (SCID) syndrome [59] and acquired immunodeficiencies like human
immunodeficiency virus (HIV) [60, 61] which can predispose patients to more severe adenoviral
disease. Patients undergoing chemotherapy [62], bone marrow transplantation, severe
lymphopenia and those suffering from graft-verusus-host disease are also predisposed to
disseminated adenoviral infections. Interestingly, life-threatening disease currently appears to
be relatively rare in acquired immunodeficiency associated with HIV infection which is
attributable to the advent of effective antiretroviral therapies, but the mortality rate of
adenoviral infection can be as high as 55% in SCID [59-61]. In solid organ transplant recipients,
adenoviral infections can range from asymptomatic to severe with increased morbidity, graft
loss and mortality [63]. Adenoviral infections can be acquired de novo or with reactivation of
latent virus from the recipient or the transplanted organ [64]. The symptoms of infection are
variable but severe and even fatal courses have also been described [65]. However, invasive
adenoviral infection usually does not correlate with organ rejection [64]. Adenoviral diseases
are well characterized in hematopoietic stem cell transplant recipients. A wide range of clinical
syndromes including pneumonia, colitis, hepatitis, hemorrhagic cystitis, tubulointerstitial
nephritis, encephalitis, and disseminated disease have been frequently described. According to
studies, allogenic stem cell transplantation seems to be a major risk factor for adenoviral
infection while infections in patients with autologous stem cell transplantation is rare [66].

Workup: In the past, adenovirus infections were difficult to diagnose and some infections were
inappropriately treated with antibacterial agents. Direct fluorescent assay (DFA), as part of a
viral respiratory panel, revolutionized prompt diagnosis of adenoviral infection [67]. After
development of DFA, viral cultures were less often utilized in clinical decision making [68]. The
sample collection process is largely noninvasive as a number of different samples including
peripheral blood, stool, urine, bronchoalveolar fluid, nasopharyngeal aspirates or swabs can be
readily used [52, 54, 59]. Low sensitivity was one of the major issues with DFA and viral cultures
remained notoriously time consuming to impact clinical judgment and management. Thus,
these methods are less commonly utilized in routine clinical screening in favor of PCR-based
techniques, which are rapid and more reliable [69-71].

A prospective study of pediatric patients undergoing stem cell transplant revealed that
detection of adenovirus at multiple sites can reflect the presence of invasive infection [69]. But
studies since have shown that peripheral blood is probably the most important source for
clinical surveillance of adenoviral infections in the immunocompromised setting [71, 72]. A
number of studies have attempted to correlate viral load to severity in order to determine
when to start antiviral treatment but further work is required in order to determine whether
this approach will affect patient care [73, 74]. ldentification of adenoviruses by species,
serotypes, and strains is relevant for epidemiological studies and for a wider rationale for
documentation of nosocomial outbreaks but is often not indicated in clinical practice, given the
self-limited disease course. Traditional serotyping methods have now been increasingly
replaced by PCR techniques as well [75].
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The gold standard for any infection, however, remains the viral culture [76, 77]. All excepting a
few viruses in the adenovirus family demonstrate a characteristic cytopathic effect in epithelial
cell lines such as Hela and HEp2. A few issues however, make viral culture a tedious process.
Samples can be readily taken from various sites as mentioned above but transportation is
usually difficult as it should be done on special viral transport media, and on ice to prevent
drying of samples which may render them contaminated due to bacterial overgrowth.
Asymptomatic shedding may also be an ongoing phenomenon, which complicates
differentiation of carrier from an infected patient. Definitive diagnosis may sometimes require
tissue biopsy to demonstrate characteristic histopathologic [78] evidence like intranuclear
inclusions. Electron microscopy is occasionally used in the clinical setting if most of the other
tests are non-diagnostic to directly demonstrate the virus structure. Rising antibody titers
demonstrated in serological testing may also guide therapy in adenoviral infections:

In immunocompromised patients, the diagnosis is more challenging as patients can be
asymptomatic carriers, have subclinical infection or have full-blown infection with disseminated
features. Hence, clinical correlation becomes paramount along with confirmation of infection
from more than one site, along with quantitative methods such as quantitative PCR and
serological titers [79].

Management: Most adenovirus infections are self-limited. They rarely cause serious infection in
adults and healthy children. However they can be life threatening to immunocompromised
hosts, neonates and infants. Therefore most of the recommendations for treatment for these
infections focus on immunocompromised patients, particularly allogenic transplant patients,
who carry the greatest risk of life threatening infections.

Infection Control: General recommendations that are made by the Center of Disease Control
(CDC [80]) to the public for prevention of transmission include proper handwashing with soap
and water, especially after contact with a person with any kind of flu like illness, covering one’s
mouth and nose when coughing or sneezing, avoid touching one’s eyes, nose, or mouth with
unwashed hands, avoiding close contact with people who are sick and staying home when
people are sick themselves. Frequent handwashing is especially important in childcare settings
and healthcare facilities. It is recommended to keep adequate levels of chlorine [81] in
swimming pools to prevent outbreaks of conjunctivitis caused by adenoviruses.

Vaccination: Adenovirus vaccine is currently recommended for the U.S. military only and is not
available to the general public. As mentioned above, vaccine against adenovirus types 4 and 7
was approved by the U.S. Food and Drug Administration in March 2011 [23, 24]. These are live
oral enteric-coated vaccines and are considered safe and effective in the prevention of
epidemics of acute respiratory disease in military training camps. Two years into reintroduction
and use, United States military trainees had a 100-fold decline in adenovirus disease burden
[23].

Immunocompetent patients with mild disease: There is no specific treatment for people with
mild adenoviral infection. Most measures include supportive management of symptoms and
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complications. Anti-pyretics, analgesics, anti-emetics, adequate hydration, and oxygen
supplementation as needed form the cornerstone of initial management.

Immunocompromised patients and antiviral drugs: Antiviral therapy is generally reserved for
patients with any form of immunocompromise, those receiving solid organ or stem cell
transplant and those with disseminated or severe form of the disease. In patients on
immunosuppressive therapy due to solid organ transplant, there is an ongoing debate to
preemptively [76] treat or to wait until the patient is clinically symptomatic [82]. This decision
however, changes to favor preemptive treatment in more cases than not when allogenic stem
cell transplant is done until the immune system recovers back to the point of clearing any
infection on its own [76, 83].

Antiviral agents: The most commonly used agent in today’s practice is cidofovir, which appears
to be the most consistent active agent in vitro against adenovirus, more than other antiviral
drugs such as ganciclovir [84, 85]. Similarly, most evidence for in vivo efficacy of antiviral therapy
against adenovirus in the preemptive setting is also available for cidofovir [86, 87]. Cidofovir is a
nucleotide analog of cytosine that selectively inhibits viral DNA polymerase and subsequently
viral replication by competitive incorporation of its active metabolite cidofovir diphosphate into
viral DNA chain, disrupting synthesis and replication [88].

A mortality rate, as high as 75%, from invasive adenoviral disease was previously noted
following allogenic hematopoietic cell transplantation [89, 90] prior to the use of cidofovir.
Thereafter, cidofovir therapy has not only been associated with clinical improvement but also
has shown a survival benefit. The mortality rate from adenoviral disease was found to have
dropped to less than 20 percent in severe immunocompromised patients with adenovirus
infection treated with two or more doses of cidofovir [90].

Although encouraging outcomes are being seen with cidofovir use, low bioavailablity and
nephrotoxicity remain the limiting factors for widespread use. In a study done on pediatric
patients undergoing lung transplant, the use of cidofovir in a modified dosing regimen along
with IVIG and renal protective measures showed no significant deterioration of renal function,
highlighting a potentially safe and effective treatment regimen [91]. Experimental oral lipid-
ester derivatives of cidofovir have also shown potential benefit while minimizing the
nephrotoxicity potential in various studies. One such study conducted in 2003 that was done
following concerns of the potential use of variola virus as a biological weapon and potentially
devastating outbreak of smallpox, mainly studied the effect of esterification of cidofovir with
alkoxyalkanols and found that they increase the oral bioavailability and diminish the drug
accumulation in the kidney, reducing nephrotoxicity [92].

Other agents such as Ganciclovir, ribavirin [76], vidarabine and foscarnet [93] have failed to
show consistent activity against adenovirus in vitro for various reasons. Ganciclovir requires
activation by phosphorylation to monophosphate form by viral kinase and since adenoviruses,
in contrast to members of the herpesviridae, lack viral thymidine kinase, the efficacy of
ganciclovir is modest in comparison to cidofovir [93].

In addition to antiviral therapy, there is ongoing research in T-cell mediated immunotherapy
[94]. The safety and efficacy of immunotherapy along with the cost have to be studied in much


http://dx.doi.org/10.20944/preprints201801.0267.v1
http://dx.doi.org/10.3390/biomedicines6010030

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 January 2018 d0i:10.20944/preprints201801.0267.v1

more detail before any recommendation is made on its clinical application. Pooled Intravenous
Immune Globulin (IVIG) has also been used as adjunctive therapy in different
immunocompromised settings and has shown some promising results [95]. More studies are
required here as well.

SUMMARY:

The purpose of this review has been to present a concise outline of the biology, transmission,
epidemiology, clinical presentation, diagnosis, prevention and therapy of one of the most
important viruses seen in clinical practice today, the human adenovirus.

As the clinical presentations are nonspecific and vary over a wide spectrum of severity, a high
index of suspicion based on the epidemiology and local prevalence is required by the clinician
for diagnosis and either supportive or definitive therapy.

There are currently no recommendations on the screening of symptomatic immunocompetent
patients by the US Preventative Services Task Force. There are however, avenues where studies
could be done for screening the immunocompromised, particularly high-risk allogenic stem cell
transplant candidates, to identify chronic asymptomatic carriers.

Laboratory diagnosis is most commonly done by PCR, replacing traditional serotyping methods
and cumbersome cultures.

Cidofovir remains the agent of choice in severe disseminated disease and derivatives are being
explored as viable treatment options. The disease burden along with the potentially fatal
outcomes seen, especially in the immunocompromised have paved way for much research into
various new avenues for pharmacotherapy and immunotherapy.

Author Contributions: All authors share equal responsibility in the article.

Conflicts of Interest: The authors declare no conflict of interest.

References:

1. Jason G. Smith, Christopher M. Wiethoff, Phoebe L. Stewart, and Glen R. Nemerow.
Adenovirus. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3093298/

2. Han G, NiuH, Zhao S, Zhu B, Wang C, Liu Y, Zhang M, Yang S, Liu F, Wan C, Zhang Q.
Identification and typing of respiratory adenoviruses in Guangzhou, Southern China
using a rapid and simple method. Virol Sin. 2013;28:103—-108
https://www.ncbi.nlm.nih.gov/pubmed/23575732

3. Bergelson JM, Krithivas A, Celi L, Droguett G, Horwitz MS, Wickham T, Crowell RL,
Finberg RW. The murine CAR homolog is a receptor for coxsackie B viruses and



http://dx.doi.org/10.20944/preprints201801.0267.v1
http://dx.doi.org/10.3390/biomedicines6010030

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 January 2018 d0i:10.20944/preprints201801.0267.v1

adenoviruses. J Virol. 1998;72:415—
419. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC109389/

4. Gaggar A, Shayakhmetov DM, Lieber A. CD46 is a cellular receptor for group B adeno-
viruses. Nat Med. 2003;9:1408-1412.https://www.ncbi.nlm.nih.gov/pubmed/14566335

5. Varga MJ, Weibull C, Everitt E. Infectious entry pathway of adenovirus type 2. J
Virol. 1991;65:6061-6070.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC250277/

6. Greber UF, Willetts M, Webster P, Helenius A. Stepwise dismantling of adenovirus 2
during entry into cells. Cell. 1993;75:477—-
486.https://www.ncbi.nlm.nih.gov/pubmed/8221887

7. ChardonnetY, Dales S. Early events in the interaction of adenoviruses with Hela cells. I.
Penetration of type 5 and intracellular release of the DNA
genome. Virology. 1970;40:462—

477 .https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3093298/#R24

8. Smith JG, Nemerow GR. Mechanism of adenovirus neutralization by human alpha-
defen-sins. Cell Host Microbe. 2008;3:11—
19.https://www.ncbi.nlm.nih.gov/pubmed/18191790

9. Montone KT, Furth EE, Pietra GG, Gupta PK . Neonatal adenovirus infection: a case
report with in situ hybridization confirmation of ascending intrauterine infection.
DiagnCytopathol.
1995;12(4):341. https://www.ncbi.nlm.nih.gov/pubmed?term=7656759

10. Koneru B, Atchison R, Jaffe R, Cassavilla A, Van Thiel DH, Starzl TE. Serological studies of
adenoviral hepatitis following pediatric liver transplantation. Transplant
Proc.1990;22(4):1547. https://www.ncbi.nlm.nih.gov/pubmed?term=2167527

11. Rowe WP, Huebner RJ, Gilmore LK, Parrot RH, Ward TG. Isolation of a cytopathogenic
agent from human adenoids undergoing spontaneous degeneration in tissue
culture. ProcSocExpBiol Med. 1953 Dec;84(3):570-573.

12. Hendrix RM, Lindner JL, Benton FR, Monteith SC, Tuchscherer MA, Gray GC, Gaydos JC.
Large, persistent epidemic of adenovirus type 4-associated acute respiratory disease in
U.S. army trainees. Emerg Infect Dis. 1999;5:798—-801.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2640815/

13. Alison M. Binder, MS; Holly M. Biggs, MD; Amber K. Haynes, MPH; Christina
Chommanard, MS, MPH; Xiaoyan Lu, MS; Dean D. Erdman, DrPH; John T. Watson, MD;
Susan |. Gerber, MD. Human Adenovirus Surveillance — United States, 2003-2016.
Weekly / October 6, 2017 / 66(39);1039-1042
https://www.cdc.gov/mmwr/volumes/66/wr/mm6639a2.htm

14. http://www.who.int/water sanitation health/bathing/recreadischap6.pdf

15. Jun Cheng, Xiaoping Qi, Dawei Chen, Xujian Xu, Guozheng Wang, Yuzhu Dai, Dawei
Cui, Qingyong Chen, Ping Fan, Liuda Ni, Miao Liu, Feiyan Zhu, Mei Yang, Changjun
Wang, Yuexi Li, Changgui Sun, and Zhongyong Wang. Epidemiology and transmission
characteristics of human adenovirus type 7 caused acute respiratory disease outbreak in
military trainees in East China
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4891446/



http://dx.doi.org/10.20944/preprints201801.0267.v1
http://dx.doi.org/10.3390/biomedicines6010030

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 January 2018 d0i:10.20944/preprints201801.0267.v1

16. Yusof MA, Rashid TR, Thayan R, Othman KA, Hasan NA, Adnan N, Saat Z. Human
adenovirus type 7 outbreak in Police Training Center, Malaysia, 2011. Emerg Infect
Dis. 2012;18:852-854. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3358062/

17. Jeon K, Kang Cl, Yoon CH, Lee DJ, Kim CH, Chung YS, et al. High isolation rate of
adenovirus serotype 7 from South Korean military recruits with mild acute respiratory
disease. Eur J ClinMicrobiol Infect Dis. 2007;26:481-3 10.1007/s10096-007-0312-6.
https://www.ncbi.nlm.nih.gov/pubmed/17541654

18. Yu P, Ma C, Nawaz M, Han L, Zhang J, Du Q, Zhang L, Feng Q, Wang J, Xu J. Outbreak of
acute respiratory disease caused by human adenovirus type 7 in a military training camp
in Shaanxi, China. Microbiol Immunol. 2013;57:553—

560. https://www.ncbi.nlm.nih.gov/pubmed/23734976

19. Munoz FM, Piedra PA, Demmler G. Disseminated adenovirus disease in
immunocompromised and immunocompetent children. Clin Infect Dis. 1998;27:1194—
200 10.1086/514978. https://www.ncbi.nlm.nih.gov/pubmed/9827268

20. Abd-Jamil J, Teoh BT, Hassan EH, Nuruliza R, Sazaly AB. Molecular identification of
adenovirus causing respiratory tract infection in paediatric patients at the University of
Malaya Medical Center. BMC Pediatr. 2010;10:46. [cited 2011 Jun
6]https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2914739/

21. Trei JS, Johns NM, Garner JL, Noel LB, Ortman BV, Ensz KL, et al. Spread of adenovirus to
geographically dispersed military installations, May—October 2007. Emerg Infect Dis.
2010;16:769-75 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2954003/

22.Sivan AV, Lee T, Binn LN, Gaydos JC. Adenovirus associated acute respiratory disease in
healthy adolescent and adults: a literature review. Mil Med. 2007;172:1198-203.
https://www.ncbi.nlm.nih.gov/pubmed/18062397

23. Radin JM, Hawksworth AW, Blair PJ, Faix DJ, Raman R, Russell KL, Gray GC. Dramatic
decline of respiratory illness among US military recruits after the renewed use of
adenovirus vaccines. Clin Infect Dis. 2014,59:962—-968.
https://www.ncbi.nlm.nih.gov/pubmed/24991024

24. Lyons A, Longfield J, Kuschner R, et al. A double-blind, placebo-controlled study of the
safety and immunogenicity of live, oral type 4 and type 7 adenovirus vaccines in adults.
Vaccine 2008; 26:2890.https://www.ncbi.nlm.nih.gov/pubmed?term=18448211

25. Centers for Disease Control and Prevention (CDC). MMWR Morb Mortal Wkly Rep.
2007;56(45):1181. Acute respiratory disease associated with adenovirus serotype 14--
four states, 2006-2007. https://www.nchi.nlm.nih.gov/pubmed?term=18004235

26. Ariga T, Shimada Y, Shiratori K, Ohgami K, Yamazaki S, Tagawa Y, Kikuchi M, Miyakita Y,
Fujita K, Ishiko H, Aoki K, Ohno S. Five new genome types of adenovirus type 37 caused
epidemic keratoconjunctivitis in Sapporo, Japan, for more than 10 years. J
ClinMicrobiol. 2005 Feb;43(2):726-732.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC548033/

27. Gonzalez-Ldpez JJ, Morcillo-Laiz R, Mufioz-Negrete FJ. Adenoviral keratoconjunctivitis:
an update. Arch SocEspOftalmol. 2013 Mar;88(3):108-115.
https://www.ncbi.nlm.nih.gov/pubmed/23473088



http://dx.doi.org/10.20944/preprints201801.0267.v1
http://dx.doi.org/10.3390/biomedicines6010030

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 January 2018 d0i:10.20944/preprints201801.0267.v1

28. Kuo SC, Shen SC, Chang SW, Huang SC, Hsiao CH. Corneal superinfection in acute viral
conjunctivitis in young children. J PediatrOphthalmol Strabismus.
https://www.ncbi.nlm.nih.gov/pubmed/19043952

29. Aronson B, Aronson S, Sobel G, Walker D. Pharyngoconjunctival fever; report of an
epidemic outbreak. AMA J Dis Child. 1956 Dec;92(6):596-612.
https://www.ncbi.nlm.nih.gov/pubmed/13372054

30. Zhang SY, Luo YP, Huang DD, Fan H, Lu QB, Wo Y, Chen G, Zhang XA, Li Y, Tong YG, Cao
WC, Liu W. Fatal pneumonia cases caused by human adenovirus 55 in
immunocompetent adults. Infect Dis (Lond). 2016;48(1):40-7. doi:
10.3109/23744235.2015.1055585. Epub 2015 Sep 11.
https://www.ncbi.nlm.nih.gov/pubmed/26465201

31. Jain S, Williams DJ, Arnold SR, Ampofo K, Bramley AM, Reed C, Stockmann C, Anderson
EJ, Grijalva CG, Self WH, Zhu Y, Patel A, Hymas W, Chappell JD, Kaufman RA, Kan JH,
Dansie D, Lenny N, Hillyard DR, Haynes LM, Levine M, Lindstrom S, Winchell JM, Katz JM,
Erdman D, Schneider E, Hicks LA, Wunderink RG, Edwards KM, Pavia AT, McCullers JA,
Finelli L, CDC EPIC Study Team.

Community-acquired pneumonia requiring hospitalization among U.S. children. N Engl J
Med. 2015;372(9):835. https://www.ncbi.nlm.nih.gov/pubmed?term=25714161

32. Similas, Jouppila R, Salmi A, Pohjonen R. Encephaloningitis in children associated with
an adenovirus type 7 epidemic. ActaPaediatr Scand. 1970;59(3):310.
https://www.ncbi.nlm.nih.gov/pubmed?term=4315516

33. Wadell G, Varsanyi TM, Lord A, Sutton RN. Epidemic outbreaks of adenovirus 7 with
special reference to the pathogenicity of adenovirus genome type 7b. Am J Epidemiol.
1980;112(5):619. https://www.ncbi.nlm.nih.gov/pubmed?term=6254358

34. Ferda Ozbay Hosnut, Figen Ozcay, Baris Malbora, Samil Hizli, and Namik Ozbek. Severe
Adenovirus Infection Associated with HemophagocyticLymphohistiocytosis.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3996635/

35. Hakim FA, Tleyjeh IM. Severe adenovirus pneumonia in immunocompetent adults: a
case report and review of the literature. Eur J Clin Microbiol Infect Dis. 2008
Feb;27(2):153-8. https://www.ncbi.nlm.nih.gov/pubmed/18030505

36. Zhang SY, Luo YP, Huang DD, Fan H, Lu QB, Wo Y, Chen G, Zhang XA, Li Y, Tong YG, Cao
WG, Liu W. Fatal pneumonia cases caused by human adenovirus 55 in
immunocompetent adults. Infect Dis (Lond). 2016;48(1):40-7. doi:
10.3109/23744235.2015.1055585. Epub 2015 Sep 11.
https://www.ncbi.nlm.nih.gov/pubmed/26465201

37. Park CK, Kwon H, Park JY. Thin-section computed tomography findings in 104
immunocompetent patients with adenovirus pneumonia. Acta Radiol. 2017
Aug;58(8):937-943. doi: 10.1177/0284185116681039. Epub 2016 Jan 1.
https://www.ncbi.nlm.nih.gov/pubmed/28273735

38. Dingyu Tan, Yangyang Fu, Jun Xu, Zhiwei Wang, Jian Cao, Joseph Walline, Huadong
Zhu, and Xuezhong Yu. Severe adenovirus community-acquired pneumonia in
immunocompetent adults: chest radiographic and CT findings. J Thorac Dis. 2016 May;


http://dx.doi.org/10.20944/preprints201801.0267.v1
http://dx.doi.org/10.3390/biomedicines6010030

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 January 2018 d0i:10.20944/preprints201801.0267.v1

8(5): 848-854. doi: 10.21037/jtd.2016.03.38.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4842832/

39. Cha MJ, Chung MJ, Lee KS, Kim TJ, Kim TS, Chong S, Han J. Clinical Features and
Radiological Findings of Adenovirus Pneumonia Associated with Progression to Acute
Respiratory Distress Syndrome: A Single Center Study in 19 Adult Patients. Korean J
Radiol. 2016 Nov-Dec;17(6):940-949. Epub 2016 Oct 31.
https://www.ncbi.nlm.nih.gov/pubmed/27833410

40. D. M. O. Becroft. Histopathology of fatal adenovirus infection of the respiratory tract in
young children. J Clin Pathol. 1967 Jul; 20(4): 561-569.PMCID: PMC473510.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC473510/

41. Schonland M, Strong ML, Wesley A. Fatal adenovirus pneumonia: Clinical and
pathological features. S Afr Med J. 1976 Oct 9;50(43):1748-51.
https://www.ncbi.nlm.nih.gov/pubmed/186904

42. Low SY, Tan TT, Lee CH, Loo CM, Chew HC. Severe adenovirus pneumonia requiring
extracorporeal membrane oxygenation support--Serotype 7 revisited. Respir Med. 2013
Nov;107(11):1810-3. doi: 10.1016/j.rmed.2013.09.008. Epub 2013 Sep 19.
https://www.ncbi.nlm.nih.gov/pubmed/24070567

43.Sun B, He H, Wang Z, Qu J, Li X, Ban C, Wan J, Cao B, Tong Z, Wang C. Emergent severe
acute respiratory distress syndrome caused by adenovirus type 55 in immunocompetent
adults in 2013: a prospective observational study. Crit Care. 2014 Aug 12;18(4):456. doi:
10.1186/s13054-014-0456-6. https://www.ncbi.nlm.nih.gov/pubmed/25112957

44. Liu LY, Qian Y, Zhang Y, Jia LP, Dong HJ, Deng J. Investigation of adenovirus infection in
hospitalized children with diarrhea during 2010 in Beijing, China. Zhonghua Er Ke Za
Zhi. 2012 Jun;50(6):450-4. https://www.ncbi.nlm.nih.gov/pubmed/22931944

45. Hart CA, Cunliffe NA, Nakagomi O Diarrhoea caused by viruses. In: Cook GC, Zumla Al,
editors. Manson’s tropical diseases. 22nd ed. Philadelphia: Saunders Elsevier; 2009. p.
815-24.

46. Nigel A. Cunliffe, J. Angela Booth, Claire Elliot, Sharon J. Lowe, Will Sopwith, Nick
Kitchin, Osamu Nakagomi, Toyoko Nakagomi, C. Anthony Hart, and Martyn Regan.
Healthcare-associated Viral Gastroenteritis among Children in a Large Pediatric Hospital,
United Kingdom. Emerg Infect Dis. 2010 Jan; 16(1): 55-62.
doi: 10.3201/eid1601.090401.https://www.ncbi.nIm.nih.gov/pmc/articles/PMC287435
3/

47. Fischer TK, Bresee JS, Glass Rl Rotavirus vaccines and the prevention of hospital-
acquired diarrhea in children. Vaccine 2004;22:549-54 10.1016/j.vaccine.2004.08.017.
https://www.ncbi.nlm.nih.gov/pubmed/15576202

48. Osborne CM1, Montano AC, Robinson CC, Schultz-Cherry S, Dominguez SR. Viral
gastroenteritis in children in Colorado 2006-2009. J Med Virol. 2015 Jun;87(6):931-9.
doi: 10.1002/jmv.24022. Epub 2015 Mar
16.https://www.ncbi.nlm.nih.gov/pubmed/25776578



http://dx.doi.org/10.20944/preprints201801.0267.v1
http://dx.doi.org/10.3390/biomedicines6010030

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 January 2018 d0i:10.20944/preprints201801.0267.v1

49. Mufson MA, Belshe RB. A review of adenoviruses in the etiology of acute hemorrhagic
cystitis. J Urol. 1976;115(2):191. https://www.ncbi.nlm.nih.gov/pubmed?term=175174

50. Yoshio Numazaki, M.D., TetsuroKumasaka, M.D., Namio Yano, M.D., Masao Yamanaka,
M.D., Teiji Miyazawa, M.D., SojiTakai, M.D., and Nakao Ishida, M.D. Further Study on
Acute Hemorrhagic Cystitis Due to Adenovirus Type 11N Engl J Med 1973; 289:344-
347August 16, 1973DOI: 10.1056/NEJM197308162890704
http://www.nejm.org/doi/full/10.1056/NEJM197308162890704#t=articleTop

51. Ito M, Hirabayashi N, Uno Y, Nakayama A, Asai J. Necrotizing tubulointerstitial nephritis
associated with adenovirus infection. Hum Pathol. 1991;22(12):1225.
https://www.ncbi.nlm.nih.gov/pubmed?term=1660851

52. Soeur M1, Wouters A, de Saint-Georges A, Content J, Depierreux M.
Meningoencephalitis and meningitis due to an adenovirus type 5 in two
immunocompetent adults. Acta Neurol Belg. 1991;91(3):141-50.
https://www.ncbi.nlm.nih.gov/pubmed/1927252

53. Landry ML, Hsiung GD. Adenovirus-associated meningoencephalitis in a healthy adult.
Ann Neurol. 1988 Jun;23(6):627-8.https://www.ncbi.nlm.nih.gov/pubmed/2841903

54. Martin AB, Webber S, Fricker FJ, Jaffe R, Demmler G, Kearney D, Zhang YH, Bodurtha J,
Gelb B, Ni J. Acute myocarditis. Rapid diagnosis by PCR in children. Circulation.
1994;90(1):330. https://www.ncbi.nlm.nih.gov/pubmed?term=8026015

55. Bowles NE, Ni J, Kearney DL, Pauschinger M, Schultheiss HP, McCarthy R, Hare J, Bricker
JT, Bowles KR, Towbin JA. Detection of viruses in myocardial tissues by polymerase
chain reaction. evidence of adenovirus as a common cause of myocarditis in children
and adults. J Am CollCardiol.
2003;42(3):466. https://www.nchi.nlm.nih.gov/pubmed?term=12906974

56. Al-Herz W, Moussa MA. 2012. Survival and predictors of death among primary
immunodeficient patients: a registry-based study. J. Clin. Immunol. 32:467-473.
10.1007/s10875-011-9636-1 https://www.ncbi.nlm.nih.gov/pubmed/22205205

57. Kampmann B, Cubitt D, Walls T, Naik P, Depala M, Samarasinghe S, Robson D, Hassan A,
Rao K, Gaspar H, Davies G, Jones A, Cale C, Gilmour K, Real M, Foo M, Bennett-Rees N,
Hewitt A,Amrolia P, Veys P. 2005. Improved outcome for children with disseminated
adenoviral infection following allogeneic stem cell transplantation. Br. J.

Haematol. 130:595-603. 10.1111/j.1365-2141.2005.05649.x
https://www.ncbi.nlm.nih.gov/pubmed/16098075

58. Hiwarkar P, Gaspar HB, Gilmour K, Jagani M, Chiesa R, Bennett-Rees N, Breuer J, Rao K,
Cale C, Goulden N, Davies G, Amrolia P, Veys P, Qasim W. 2013. Impact of viral
reactivations in the era of pre-emptive antiviral drug therapy following allogeneic
haematopoietic SCT in paediatric recipients. Bone Marrow Transplant. 48:803—808.
10.1038/bmt.2012.221 https://www.ncbi.nlm.nih.gov/pubmed/23178547



http://dx.doi.org/10.20944/preprints201801.0267.v1
http://dx.doi.org/10.3390/biomedicines6010030

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 January 2018 d0i:10.20944/preprints201801.0267.v1

59. Echavarria M. 2008. Adenoviruses in immunocompromised hosts. Clin. Microbiol.
Rev. 21:704-715. 10.1128/CMR.00052-07.
https://www.ncbi.nlm.nih.gov/pubmed/18854488

60. Nebbia G, Chawla A, Schutten M, Atkinson C, Raza M, Johnson M, Geretti A.
2005. Adenovirus viraemia and dissemination unresponsive to antiviral therapy in
advanced HIV-1 infection. AIDS 19:1339-1340. 10.1097/01.aids.0000180115.26561.27
https://www.ncbi.nlm.nih.gov/pubmed/16052099

61. Adeyemi OA, Yeldandi AV, Ison MG. 2008. Fatal adenovirus pneumonia in a person with
AIDS and Burkitt lymphoma: a case report and review of the literature. AIDS
Read. 18:196-198, 201-202, 206-207.
https://www.ncbi.nlm.nih.gov/pubmed/18472442

62. Steiner |, Aebi C, RidolfiLuthy A, Wagner B, Leibundgut K. 2008. Fatal adenovirus
hepatitis during maintenance therapy for childhood acute lymphoblastic
leukemia. Pediatr. Blood Cancer 50:647-649. 10.1002/pbc.21120.
https://www.ncbi.nlm.nih.gov/pubmed/17278117

63. Hoffman JA. 2009. Adenovirus infections in solid organ transplant recipients. Curr. Opin.
Organ Transplant. 14:625-633. 10.1097/MOT.0b013e3283324e1b.
https://www.ncbi.nlm.nih.gov/pubmed/19741532

64. Humar A, Kumar D, Mazzulli T, Razonable RR, Moussa G, Paya CV, Covington E, Alecock
E, Pescovitz MD, PV16000 Study Group 2005. A surveillance study of adenovirus
infection in adult solid organ transplant recipients. Am. J. Transplant. 5:2555-2559.
10.1111/j.1600-6143.2005.01033.x. https://www.ncbi.nlm.nih.gov/pubmed/16162207

65. Florescu MC, Miles CD, Florescu DF. 2013. What do we know about adenovirus in renal
transplantation? Nephrol. Dial. Transplant. 28:2003—2010. 10.1093/ndt/gft036.
https://www.ncbi.nlm.nih.gov/pubmed/23493328

66. Abinun M, Flood TJ, Cant AJ, Veys P, Gennery AR, Foster HE, Friswell M, Baildam E,
Davidson J, Southwood TR, Livermore P, Wedderburn LR. 2009. Autologous T cell
depleted haematopoietic stem cell transplantation in children with severe juvenile
idiopathic arthritis in the UK (2000-2007). Mol. Immunol.47:46-51.
10.1016/j.molimm.2008.12.029 https://www.ncbi.nIlm.nih.gov/pubmed/19203795

67. Rocholl C, Gerber K, Daly J, Pavia AT, Byington CL. Adenoviral infections in children: the
impact of rapid diagnosis. Pediatrics. 2004 Jan;113(1 Pt 1):e51-6.
https://www.ncbi.nlm.nih.gov/pubmed/14702495

68. Shetty AK1, Treynor E, Hill DW, Gutierrez KM, Warford A, Baron EJ. Comparison of
conventional viral cultures with direct fluorescent antibody stains for diagnosis of
community-acquired respiratory virus infections in hospitalized children. Pediatr Infect
Dis J. 2003 Sep;22(9):789-94. https://www.ncbi.nlm.nih.gov/pubmed/14506369

69. Lion T, Baumgartinger R, Watzinger F, Matthes-Martin S, Suda M, Preuner S,
Futterknecht B, Lawitschka A, Peters C, Potschger U, Gadner H. 2003. Molecular
monitoring of adenovirus in peripheral blood after allogeneic bone marrow


http://dx.doi.org/10.20944/preprints201801.0267.v1
http://dx.doi.org/10.3390/biomedicines6010030

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 January 2018 d0i:10.20944/preprints201801.0267.v1

transplantation permits early diagnosis of disseminated disease. Blood102:1114-1120.
10.1182/blood-2002-07-2152 https://www.ncbi.nlm.nih.gov/pubmed/12702513

70. Ison MG. 2006. Adenovirus infections in transplant recipients. Clin. Infect. Dis. 43:331—
339. 10.1086/505498 https://www.ncbi.nlm.nih.gov/pubmed/16804849

71. Lankester AC, van Tol MJ, Claas EC, Vossen JM, Kroes AC. 2002. Quantification of
adenovirus DNA in plasma for management of infection in stem cell graft
recipients. Clin. Infect. Dis. 34:864-867. 10.1086/339073
https://www.ncbi.nlm.nih.gov/pubmed/11850866

72. Ganzenmueller T, Buchholz S, Harste G, Dammann E, Trenschel R, Heim A. 2011. High
lethality of human adenovirus disease in adult allogeneic stem cell transplant recipients
with high adenoviral blood load. J. Clin. Virol. 52:55-59. 10.1016/j.jcv.2011.06.005
https://www.ncbi.nlm.nih.gov/pubmed/21742548

73. Claas EC, Schilham MW, de Brouwer CS, Hubacek P, Echavarria M, Lankester AC, van Tol
MJ, Kroes AC. 2005. Internally controlled real-time PCR monitoring of adenovirus DNA
load in serum or plasma of transplant recipients. J. Clin. Microbiol. 43:1738-1744.
10.1128/ICM.43.4.1738-1744.2005
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1081334/

74. Teramura T, Naya M, Yoshihara T, Kanoh G, Morimoto A, Imashuku S. 2004. Adenoviral
infection in hematopoietic stem cell transplantation: early diagnosis with quantitative
detection of the viral genome in serum and urine. Bone Marrow Transplant. 33:87-92.
10.1038/sj.bmt.1704320 https://www.ncbi.nlm.nih.gov/pubmed/14578929

75. De Jong JC, Wermenbol AG, Verweij-Uijterwaal MW, Slaterus KW, Wertheim-Van Dillen
P, Van Doornum GJ, Khoo SH, Hierholzer JC. 1999. Adenoviruses from human
immunodeficiency virus-infected individuals, including two strains that represent new
candidate serotypes Ad50 and Ad51 of species B1 and D, respectively. J. Clin.
Microbiol. 37:3940-3945 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC85850/

76. Matthes-Martin S, Feuchtinger T, Shaw PJ, Engelhard D, Hirsch HH, Cordonnier C,
Ljungman P, Fourth European Conference on Infections in Leukemia 2012. European
guidelines for diagnosis and treatment of adenovirus infection in leukemia and stem cell
transplantation: summary of ECIL-4 (2011). Transpl. Infect. Dis. 14:555-563.
10.1111/tid.12022 https://www.ncbi.nlm.nih.gov/pubmed/23146063

77. Becroft DM . Histopathology of fatal adenovirus infection of the respiratory tract in
young children. J Clin Pathol. 967;20(4):561.
https://www.ncbi.nlm.nih.gov/pubmed?term=4301496

78. Pinkerton H, Carroll S. Fatal adenovirus pneumonia in infants. Correlation of histologic
and electron microscopic observations. Am J Pathol.
1971;65(3):543. https://www.ncbi.nlm.nih.gov/pubmed?term=4330417

79. Florescu DF, Hoffman JA, AST Infectious Diseases Community of Practice
2013. Adenovirus in solid organ transplantation. Am. J. Transplant. 13(Suppl 4):206-211.
10.1111/ajt.12112 https://www.ncbi.nlm.nih.gov/pubmed/23465013



http://dx.doi.org/10.20944/preprints201801.0267.v1
http://dx.doi.org/10.3390/biomedicines6010030

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 January 2018 d0i:10.20944/preprints201801.0267.v1

80. https://www.cdc.gov/adenovirus/about/prevention-treatment.html

81. William A. Rutala, Jeffrey E. Peacock, Maria F. Gergen, Mark D. Sobsey, and David J.
Weber. Efficacy of Hospital Germicides against Adenovirus 8, a Common Cause of
Epidemic Keratoconjunctivitis in Health Care Facilities. Antimicrob Agents Chemother.
2006 Apr; 50(4): 1419-1424.doi: 10.1128/AAC.50.4.1419-1424.2006
https://www.ncbi.nlm.nih.gov/pme/articles/PMC1426955/

82. Lynch JP, 3rd, Fishbein M, Echavarria M. 2011. Adenovirus. Semin. Respir. Crit. Care
Med. 32:494-511. 10.1055/s-0031-1283287
https://www.ncbi.nlm.nih.gov/pubmed/21858752

83. Tomblyn M, Chiller T, Einsele H, Gress R, Sepkowitz K, Storek J, Wingard IR, Young JA,
Boeckh MJ. 2009. Guidelines for preventing infectious complications among
hematopoietic cell transplant recipients: a global perspective. Preface. Bone Marrow
Transplant. 44:453—-455. 10.1038/bmt.2009.254
https://www.ncbi.nlm.nih.gov/pubmed/19861977

84. Watson T, MacDonald D, Song X, et al. Risk factors for molecular detection of
adenovirus in pediatric hematopoietic stem cell transplantation recipients. Biol Blood
Marrow Transplant 2012; 18:1227.

85. Kodama E, Shigeta S, Suzuki T, De Clercq E. Application of a gastric cancer cell line (MKN-
28) for anti-adenovirus screening using the MTT method. Antiviral Res 1996; 31:159.
https://www.ncbi.nlm.nih.gov/pubmed?term=8811200

86. Anderson EJ, Guzman-Cottrill JA, Kletzel M, Thormann K, Sullivan C, Zheng X, Katz BZ.
2008.High-risk adenovirus-infected pediatric allogeneic hematopoietic progenitor cell
transplant recipients and preemptive cidofovir therapy. Pediatr. Transplant. 12:219-
227.10.1111/j.1399-3046.2007.00851. https://www.ncbi.nlm.nih.gov/pubmed/18307672

87. Ljungman P, Ribaud P, Eyrich M, Matthes-Martin S, Einsele H, Bleakley M, Machaczka M,
Bierings M, Bosi A, Gratecos N, Cordonnier C, Infectious Diseases Working Party of the
European Group for Blood and Marrow Transplantation 2003. Cidofovir for adenovirus
infections after allogeneic hematopoietic stem cell transplantation: a survey by the
Infectious Diseases Working Party of the European Group for Blood and Marrow
Transplantation. Bone Marrow Transplant. 31:481-486. 10.1038/sj.bomt.1703798
https://www.ncbi.nlm.nih.gov/pubmed/12665844

88. Lenaerts L, Naesens L. 2006. Antiviral therapy for adenovirus infections. Antiviral
Res. 71:172-180. 10.1016/j.antiviral.2006.04.007
https://www.ncbi.nlm.nih.gov/pubmed/16698093

89. La Rosa AM, Champlin RE, Mirza N, Gajewski J, Giralt S, Rolston KV, Raad |, Jacobson K,
Kontoyiannis D, Elting L, Whimbey E. Adenovirus infections in adult recipients of blood
and marrow transplants. Clin Infect Dis.
2001;32(6):871. https://www.ncbhi.nlm.nih.gov/pubmed?term=11247710



http://dx.doi.org/10.20944/preprints201801.0267.v1
http://dx.doi.org/10.3390/biomedicines6010030

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 January 2018 d0i:10.20944/preprints201801.0267.v1

90. Neofytos D, Ojha A, Mookerjee B, Wagner J, Filicko J, Ferber A, Dessain S, Grosso D,
Brunner J, Flomenberg N, Flomenberg P. Treatment of adenovirus disease in stem cell
transplant recipients with cidofovir. Biol Blood Marrow Transplant.
2007;13(1):74. https://www.ncbi.nlm.nih.gov/pubmed?term=17222755

91. Doan ML, Mallory GB, Kaplan SL, Dishop MK, Schecter MG, McKenzie ED, Heinle JS,
Elidemir O. Treatment of adenovirus pneumonia with cidofovir in pediatric lung
transplant recipients. J Heart Lung Transplant. 2007;26(9):883.
https://www.ncbi.nlm.nih.gov/pubmed?term=17845926

92. Ciesla SL, Trahan J, Wan WB, Beadle JR, Aldern KA, Painter GR, Hostetler KY.
Esterification of cidofovir with alkoxyalkanols increases oral bioavailability and
diminishes drug accumulation in kidney. Antiviral Res. 2003;59(3):163.
https://www.ncbi.nlm.nih.gov/pubmed?term=12927306

93. Naesens L, Lenaerts L, Andrei G, Snoeck R, Van Beers D, Holy A, Balzarini J, De Clercq E.
2005.Antiadenovirus activities of several classes of nucleoside and nucleotide
analogues. Antimicrob. Agents Chemother. 49:1010-1016. 10.1128/AAC.49.3.1010-
1016.2005 https://www.ncbi.nlm.nih.gov/pubmed/15728896

94. Feuchtinger T, Matthes-Martin S, Richard C, Lion T, Fuhrer M, Hamprecht K,
Handgretinger R, Peters C, Schuster FR, Beck R, Schumm M, Lotfi R, Jahn G, Lang P.
2006. Safe adoptive transfer of virus-specific T-cell immunity for the treatment of
systemic adenovirus infection after allogeneic stem cell transplantation. Br. J.
Haematol. 134:64-76.10.1111/j.1365-2141.2006.06108.x
https://www.ncbi.nlm.nih.gov/pubmed/16803570

95. Dagan R, Schwartz RH, Insel RA, Menegus MA. Severe diffuse adenovirus pneumonia in
a child with combined immunodeficiency: possible therapeutic effect of human immune
serum globulin containing specific neutralizing antibody. Pediatr Infect Dis.
1984;3(3):246. https://www.ncbi.nlm.nih.gov/pubmed?term=6330708



http://dx.doi.org/10.20944/preprints201801.0267.v1
http://dx.doi.org/10.3390/biomedicines6010030

