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Abstract: Human adenoviruses are one of the most important pathogens detected in acute respira-
tory diseases in pediatrics and immunocompromised patients. In 1953, Wallace Rowe described it
for the first time in oropharyngeal lymphatic tissue. To date, more than 85 types of HAdV have been
described, with different cellular tropisms. They can cause respiratory and gastrointestinal symp-
toms, even urinary tract inflammation, although most infections are asymptomatic. However, there
is a population at risk that can develop serious and even lethal conditions. These viruses have a
double-stranded DNA genome, 25-48 kbp, 90 nm in diameter, without a mantle, stable in the envi-
ronment, and resistant to fat-soluble detergents. Currently the diagnosis is made with lateral flow
immunochromatography or molecular biology through a polymerase chain reaction. The objective
of this review is to recognize the variability of HAdV, the pandemic potential that a recombinant
could present between HAdV-3 and 7 viral types, known to produce aggressive outbreaks in health
facilities. The review determined the characteristics of HAdV, from the infection to treatment, vac-
cine development and the evaluation of the social determinants of health associated with HAdV,
guiding the necessary measures for future sanitary control, and preventing disasters such as the
SARS-CoV-2 pandemic.
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1. Introduction

Human adenovirus (HAdV) and respiratory syncytial virus (RSV) are recognized
pathogens in pediatric patients and in elderly patients. Significant public health expendi-
tures are generated annually. In 1953, Wallace Rowe described it for the first time in oro-
pharyngeal lymphatic tissue. (1,2) Subsequently, HAdV was described as a virus that pro-
duces malignant tumors in newborn rodents. Various studies on the pathogenesis and
replicative cycle of HAdV allowed us to describe all the events related to viral replication
and oncogenesis in rodents (3,4,5,6). HAdV was eventually shown to have no role in hu-
man cancer (7). The results derived from these investigations have had a great impact to
understand the expression of adenovirus genes in mammals and its use as a platform in
the development of vaccines (1,8).

Unlike the respiratory syncytial virus and influenza viruses, which have a clear sea-
sonal predominance, respiratory HAdV generates outbreaks continuously throughout the
year, as the SARS-CoV-2 pandemic has behaved up to now (1,9,10).

HAdV is associated with a wide range of diseases ranging from mild respiratory con-
ditions such as pharyngitis or conjunctivitis to more serious conditions such as gastroen-
teritis with dehydration, severe acute respiratory infections, hemorrhagic cystitis, menin-
goencephalitis (11,12,13). HAdV can cause severe and fatal disease in both
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immunocompetent and immunocompromised hosts, particularly in the pediatric popula-
tion under 6 years of age. Adenoviruses cause 5% to 10% of all febrile illnesses in infants
and preschool-age patients. The infection is usually self-limiting, but persistent viral ex-
cretion has been described for 4 weeks, even up to 18 months in the preschool population
and immunosuppressed patients (14,15). In some studies, they have postulated that this
mechanism would be the source of endemic circulation and sometimes of epidemic out-
breaks in certain closed populations (9,16). A high prevalence of HAdV has been de-
scribed in some populations, particularly type 5, one of the most studied in humans.
Zhang et al. in 2013, detected a 73.1% seroprevalence in the adult population from various
regions of China (17). Other studies have described the same serological evidence in the
pediatric population, for example, in the Chengxi district, between 4 and 7 years of age,
the HAdV-5 seroprevalence was 73% (1,18,19,20,21). In the US, in 1963, they detected a
71% prevalence for HAdV-4 in Washington D.C. in the adult female population, and in
other states, there was a range between 12 and 29% (22).

Transmission of HAdV in swimming pools by fecal-oral mechanism has been docu-
mented in the literature, in waters contaminated with stools from patients carrying
HAdV, mainly in non-chlorinated swimming pools (23). It has been shown that HAdV
can be transmitted between people with poor hand hygiene since this virus can replicate
in epithelial cells of the gastrointestinal and respiratory tracts, ocular conjunctiva, and
even in the bladder (9,24).

HAdVs are double-stranded DNA viruses, are highly stable in the environment, non-
enveloped viruses, and resistant to fat-soluble detergents (9,24). The spread of HAdV
through local spread (outbreaks) in orphanages, daycare centers, schools, and even in
summer camps or closed communities such as military camps and prisons is characteristic
(9,16,25,26). Among immunocompromised patients, infection is most frequently de-
scribed in hematopoietic stem cell transplant recipients (HSCT) and solid organ transplant
(SOT) recipients (27). HAdV infection continues to be a prevalent disease worldwide, the
admission of patients to the ICU has been described, including death in specific popula-
tions, for this reason, it is necessary to recognize its pathogenesis, perform the differential
diagnosis in both respiratory and gastrointestinal conditions, especially in the pediatric
population and immunocompromised patients. The main focus of this review will be to
recognize the role of adenovirus as a potential producer of future pandemics during the
21st century, as well as its use as a viral vector vaccine in the control of other pandemics.

2. History of HAdVs

In 1953, Wallace Rowe and collaborators observed that the fluid secreted by the ade-
noidal tissue (lymph nodes and palatine tonsils) in the upper airway, when inoculated
into HeLa cell cultures, these degenerated spontaneously. They observed clusters of
rounded cells followed by cytoplasmic inclusions (28). As a consequence, this group iden-
tifies a new virus that was called Adenovirus, due to the adenoidal tissue where it was
found (1,28). They were unaware of the pathogenic role of HAdV, even postulating in
their article: “Further research is underway to determine the agent’s relationship with ad-
enoids and to study its posible role in human disease; particularly upper respiratory tract
infections” (28).

In 1955, Berge et al would be the first to describe HAdV as the cause of respiratory
disease in humans, particularly in military personnel in the US (29).

In 1962, HAdVs were the first human viruses to be associated with the development
of cancer in other species, but this has never been demonstrated in humans. These studies
were originally done in newborn hamsters but were later replicated in other rodent mod-
els. Finally, it was also replicated in baboons (7,30,31). Subsequently, human papilloma-
viruses (HPV), polyomaviruses, and adenoviruses were collectively classified as small-
DNA tumor viruses, based on their small double-stranded DNA genome sizes and their
ability to induce cancer in experimental systems or animal models and humans (7). Dur-
ing the same year, 1962, at the VIII International Congress of Microbiology, the virology
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subcommittee, dependent on the international nomenclature committee, decided to clas-
sify Adenoviruses based on criteria previously established by Rowe and his collaborators
in 1955. Among others, resistance to ether, the behavior of HAdV in cell culture lines, and
specific soluble antigens for adenovirus groups, generating 6 subgroups according to the
affected species (human, simian, bovine, canine, murine, avian), these were later reclassi-
fied as species maintaining currently recognized alphabetical order (32).

Interventionary studies involving animals or humans, and other studies that require
ethical approval, must list the authority that provided approval and the corresponding
ethical approval code.

3. HAdV Classification (Types)

According to the latest update of the International Committee on Viral Taxonomy
(ICTV) on the virus taxonomy profile of the year 2022, the demarcation of genus and spe-
cies is based mainly on phylogenetic criteria, but also on the organization of the genome
and the biological characteristics within the genera are described as follows: Genus Mas-
tadenovirus: >500 types (members that infect mammals); Aviadenovirus: >14 types (infec-
tion in birds); Atadenovirus: >9 types (reptiles, birds, ruminants, and marsupials); Siade-
novirus: >7 types (birds, frogs, and turtles); Ichtadenovirus: 1 type (white sturgeon);
Testadenovirus: 1 type (red-eared slider turtle) (33). HAdVs are members of the family
Adenoviridae and Genus Mastadenovirus. There are currently more than 85 types of HAdV
reported (33,34,35) but the pathogenicity of many of them is unknown (9,34). HAdVs are
classified into seven species (A-G), with multiple types in each of them (36).

4. Virological characteristics of HAdV and its pathogenesis

HAAJYV, linear double-stranded DNA, 25-48 kbp in length, are very stable in the envi-
ronment, do not have a lipid envelope, and are less vulnerable to lipid-soluble detergents
(9,24). HAdV can remain for weeks in the environment and when frozen at -20°C it sur-
vives for years, which generates a comparative advantage over other viruses to remain
stable on surfaces, which is also advantageous for researchers to carry out studies with
samples frozen for years (9,37).

Other recognized morphological characteristics of the virion are: 90 nm in diameter,
icosahedral type capsid, with 240 capsomeres without vertex (hexons) and 12 capsomeres
with vertex (pentons), from the latter the fibers stand out, which are homotrimers of pro-
tein IV, consisting of three structural domains, the tail, which is attached to the base of the
penton, the axis of characteristic length, and the distal bulge) (24,33) (Figure 1 (A,B and
Q).
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Figure 1. 1A. Adenovirus scheme. The HAdV structure is observed, with its major and minor pro-
teins forming the icosahedral capsid. IX minor protein, located on the outer surface of the virion. III,
VI, VIII are the minor proteins found inside the capsid. VI protein and the p  (core protein) within
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the capsid. 1 B. HAdV-5 virion external schematic. 1 C. Schematic image of the DNA and protein
structure within the viral capsid. (Benkd et al.) (33).

The adenoviral genome (Figure 2) includes four early genes (E1-E4) and five late
genes (L1-L5) that are transcribed before and after viral DNA replication, respectively
(38,39). Early genes encode proteins that activate transcription of other viral genes and
mediate viral DNA replication, while late genes encode primarily viral structural proteins
(38). The immediately early gene (E1A) is expressed for the first time after HAdV infection
and is the most important transcriptional activator for subsequent viral gene expression,
other early genes act in the synthesis of proteins responsible for blocking anti-apoptotic
pathways such as E1B (E1BK19 protein). Late genes encode structural/capsid viral pro-
teins (penton, hexon, and fiber) and core viral protein (eg, protein VII and protease). Fi-
nally, at both ends of the genome, there are inverted terminal repeats (ITR) of 145 bases in
length, which flank two open reading frames (ORF), E1 and E4. The ITRs constitute the
viral sequences required in cis for DNA replication and encapsidation (40).
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Figure 2. Genome organization of the mastadenovirus human adenovirus 5 (HAdV-5). Coloured arrows depict genes conserved in
all genera (black), present in more than one genus (blue) or restricted to mastadenoviruses (red). Rectangles mark the inverted
terminal repeats. (NCBI Reference Sequence: AC_000008.1) (33)

Regarding the replicative cycle, HAdV causes a lytic infection in epithelial cells, being
the entry gate cells of the upper respiratory epithelium, such as tonsils and lymphoid tis-
sue; at the same time, a cycle of latent infection in lymphoid cells of the gastrointestinal
tract has been recognized (9,41,42)

This virus is transmitted by air through droplets, but also by aerosols (43,44), being
transmission by sneezing or coughing the most frequently recognized; however, trans-
mission by the fecal-oral route and/or direct contact with secretions has also been demon-
strated. Its spread is recognized in the literature through local outbreaks (45) or closed
communities as previously mentioned (16,25,26,46). It can also generate deadly cases in
intra-hospital outbreaks, for which isolation in an individual room is required, with ven-
tilation to the outside, use of contact precautions and additional precautions described by
the World Health Organization (WHO) and the Centers for Disease Control and Preven-
tion (CDC), to avoid contagion to other patients or healthcare workers (24,47,48,49). In
addition, it is recommended not to isolate in a cohort with other HAdV cases due to the
possibility of cross-contagion with other genotypes, including genetic recombination be-
tween them, as occurred with HAdV-D53, a recombinant of other HAdVs previously
known to cause viral keratoconjunctivitis (9,50,51).

5. Microbiological diagnosis

The most frequent sample analyzed for the study of respiratory viruses is naso-oro-
pharyngeal secretion obtained through swabbing or secretion aspiration. Before the
H1N1pdm09 influenza virus pandemic (2009), the etiological diagnosis of respiratory vi-
ruses was made with desquamated cells from the upper airway by direct
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immunofluorescence (IF). This technique uses specific antibodies against viral antigens of
the HAdV species expressed in epithelial cells and marked with fluorescent dyes whose
positivity is analyzed through fluorescence microscopy (52,53,54). Although this tech-
nique is still used in healthcare centers, many have begun to apply molecular biology
techniques for its diagnosis, due to the low sensitivity of the direct immunofluorescence
test in the clinical setting 41.7% (95% specificity) (55).

On the other hand, for some authors, the enzyme immunoassay (EIA) is the method
of choice for the analysis of soluble adenovirus antigens in feces and respiratory secre-
tions. These assays may be directed against a common hexon antigen, being capable of
detecting any known adenovirus serotype, or simply a serotype-specific antigen. How-
ever, genotypic variants could not be diagnosed or classified by this technique. The value
for specificity is 90-95% and sensitivity is 60-85% compared to the most complex and com-
plete isolation techniques in cell culture (56,57). A method that combines EIA with lateral
flow immunochromatography has recently appeared and seems to be more sensitive and
specific, with results in 10 minutes (72% sensitivity and 100% specificity when compared
to cell culture). Despite the good results, an argument against it is its high costs compared
to other techniques. Currently, in some countries it is more convenient to perform real
time-PCR on Multiplex Platforms for the Identification of Respiratory pathogens (multi-
plex-PCR). This is due to the fact that the respiratory syndromatic study must also con-
sider the diagnosis of influenza, parainfluenza, metapneumovirus, SARS-CoV-2, and RSV
antigens, which increases total costs and decreases the opportunity for implementation.
However, in situations of community, intra-hospital or indoor outbreaks, it would have a
recommended use due to its easy implementation (56,57).

Viral isolation through the infection of cell culture is still considered the definitive
technique (gold standard) to demonstrate the presence of adenovirus in certain samples
due to its high specificity (100% according to some studies) (57). However, it is possible
to obtain false negative results, due to the quality of the sample, the types of cell cultures
used and the incubation time, all factors that influence the sensitivity of the technique.
Classically, continuous cell lines derived from epithelial carcinomas such as HEp2, HeLa
and KB have been used, with similar results. Primary human embryonic kidney cultures
perform better but, in practice, they are not used, given the difficulty of having this type
of cells continuously available. Viral reproduction and propagation are detected by the
appearance of a cytopathic effect that is recognizable without the need to stain the culture.
This consists of a cellular rounding with a notable increase in refringence and a certain
tendency towards a fusion between the cells. However, the confirmatory diagnosis must
be made using a complementary technique. Direct IF is usually performed with monoclo-
nal antibodies directed against common HAdV antigens, but PCR with specific primers
could also be performed. Due to the complexity and special requirements for performing
cell cultures, viral isolation is a technique that is difficult to apply in hospital clinical di-
agnosis (56).

From 2015 onwards and particularly due to the implementation of more massively
used techniques associated with the SARS-CoV-2 pandemic, in Chile and worldwide, vi-
rological diagnosis was consolidated through nucleic acid amplification techniques
(NAAT), prevailing over other techniques, the polymerase chain reaction (PCR) was the
most used during the pandemic. In the case of HAdV, there are various commercial tests
available on the market, based on Multiplex-PCR. These methods allow the recognition of
various viruses in a single microbiological study with results in a couple of hours and the
evaluation of respiratory syndromic symptoms in critically ill patients in the emergency
department and critical patient units (58,59,60). According to a study by Raty ef al., who
compared different diagnostic techniques for HAdV the results obtained by PCR were
much higher (94% sensitivity compared to culture as the gold standard) and compara-
tively superior to those of IF (46% sensitivity) and EIA (53% sensitivity), all compared
with viral isolation (56,61). Currently, the use of these molecular techniques has become
widespread in large public and private medical centers in Chile. However, the cost of its
implementation generates objections in public hospital management due to the high cost,
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around 100-150 dollars, so diagnostic algorithms with syndromic profiles should be de-
veloped in patients who may benefit from a study for respiratory pathogens (Multiplex-
PCR) (62,63).

6. Application of HAdV Genotyping

HAdVs are classified into 7 species (A-G) as mentioned above. Within each species,
HAGJV are subclassified into serotypes and/or genotypes (64). The initial 51 serotypes
were determined by neutralization assays or complement fixation assays, while geno-
types 52 onwards have been described by bioinformatic analysis of whole genome se-
quences (64,65). In the same serotype, genomic variants could be discriminated by re-
striction enzyme assays (64,66) At present, the new classification is done through geno-
typing, known as typing or “viral typing”, using whole genome sequencing analysis. For
typing purposes, the hexon gene is one of the most common targets to amplify and se-
quence, but fiber, penton base, and polymerase genes are also used (67,68).

Genomic variants had traditionally been detected by analyzing the electrophoretic
patterns obtained after digestion with endonucleases. This methodology allowed to know
and establish the genetic variability of the HAdV (69). Today, the use of PCR amplification
and sequencing has made it possible to establish phylogenetic relationships with possibil-
ities of application in diagnosis at the clinical level. However, with this methodology it is
not possible to distinguish between recombinants (70). Various types of conventional or
Realtime-PCR have been developed to establish genotypes. Some of them are genus-spe-
cific or species-specific and by subsequent sequencing, the specific genotype is estab-
lished, usually directed to the hexon gene (71). Specific genotype assays have also been
described for HAdV-1 and HAdV-2 (72,73). Other groups perform nested PCR with two
pairs of amplification primers before sequencing the hexon gene (73,74). Quantitative
Realtime-PCR have been developed for types 3, 4, 7, 14, and 21 (75) and 1, 2, 5, and 6 (76).
Recently, Wu et al. described a molecular characterization based on three pairs of univer-
sal primers directed against hexon, penton base and fiber genes (viral capsid proteins),
allowing typing within species B, C, D, E, F including recombinant viruses, which in re-
cent years have been considered part of the evolution of HAAV (77). However, this meth-
odological approach requires post-amplification sequencing to establish the viral type
(74,77).

7. Viral type and disease association

Table 1 describes the association between HAdV types and reported diseases or in-
fections. The most frequent types associated with pediatric respiratory infection are
HAdV-1, HAdV-2, and HAdV-5 (species C) and types HAdV-3 and HAdV-7 (species B).
The HAdV-4 type (species E) is also associated with respiratory infections, but mainly
among military recruits, and in this group, HAdV-7 also appears. Noting that HAdV-4
occurs with low frequency in the general population (9,78,79) (Table 1).

Table 1. Infection and HAdV Type. HAdV in the reported literature, illness and severity.

Oncogenic potencial

Hemagglutina- Tumors in an- Transformation Severe or
Species . 88 Types R . % GC Associated disease deadly diseases
tion Groups imals in cell culture
(Reported)
IV (little or . " . .. .
HAdV-A none) 12,18,31 High Positive 46-47 Cryptic enteric infection Unknown
I (Complete for Conjunctivitis, Acute respiratory
HAdV-B |moneky eryro-  3,7,11,14,16,21,34,35,50 Moderate Positive 49-51 disease, Hemorrhagic cystitis, Cen- Type 3 and 7
cytes) tral nervous system
II ( Partial f Endemic infection, Respirat
HAdV-C (Partial for 1,2,5,6 Low or none Positive 55 ndemicntection, Respiratory Type 5
rat erytrocytes) symtoms
II ( Complete  8,9,10,13,15,17,19,20,22-  Low or none Kerat . tivitis ini
HAAV-D | for rat ery- 30,32,33,36-39,42-  (Mammary tu-  Positive 5557 o o o UICHVIIS I IIHNOT 0y oy
compromised and AIDS patients
trocytes) 49,51,53,54 mors)
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Conjunctivitis, Acute respiratory

HAdV-E I 4 Low or none Positive 58 . Unknown
disease

HAdV-F | 111 40,41 Unknown Negative 51 Infantile diarrhea Unknown

HAdV-G | Unknown 52 Unknown Unknown 55 Gastroenteritis Unknown

(Source: LF Avendano. (9).

In the adult population, HAdVs that have been associated with disease in humans
include species C (HAdV-1, HAdV-2, and HAdV-5), species B (HAdV-3 and HAdV-7),
species E (HAdV-4) and the F species (HAdV-41) predominantly in gastrointestinal pa-
thology (80,81,82).

After primary infection, species C genotypes can establish latent infections and are
capable of long-term persistence in lymphoid cells (83,84). Therefore, asymptomatic peo-
ple can shed infectious virus in the stool for many years (14,82).

8. HAdV genetic variability

In recent years, new HAdV genotypes have been discovered as in birds (85,86). It has
been previously demonstrated that adenovirus has a higher mutation rate than another
dsDNA (87). HAdVs have an unstable genome and are subject to genetic variations, being
able to have mutations by insertion, substitution, or deletion of nucleotides; in addition,
HAdVs can also undergo genomic recombination processes, first described during the
1970s and 1980s, between different viral strains in the same individual (82,88,89,90). These
findings were confirmed by Dhingra et al., who demonstrated that multiple recombination
events between E1 and E4 gene regions were possible, as part of the evolutionary process
of HAdV-C (91). Other authors have similarly described this recombination for HAdV-16,
currently poorly characterized, but it was shown recombination events with HAdV-4 type
and some simian adenoviruses (92).

In 2008, Lukashev's laboratory described that part of the phylogenetic evolution of
HAGJYV is due to recombination between strains in the same individual (93). They even
postulated an association between the severity of the infection and the recombination be-
tween HAdV strains. Lukashev proposed that recombination processes between capsid
genes (penton, hexon, fiber) could alter cell tropism. The E3 protein involved in the host's
immune control, could be related to events associated with more serious infections. Many
of the new genotypes described in the last decade exhibit heterotypic penton base, hexon,
and fiber genes, presenting intermediate seroneutralization phenotypes (Table 2) (94). In
2019, a study in China postulated that certain recombinant HAdV strains could explain
why some patients had more severe respiratory symptoms (95). It appears that the new
recombinants would have synergistic mutations. Since the original HAdV strains were
not particularly virulent, but after recombination, the novel adenoviruses would have
been associated with more severe symptoms, as described for a case of severe pneumonia
in a pediatric patient in 2016 (36,93,96). To date, only a few studies have succeeded in
linking factors or molecular characteristics that make it possible to define a greater viru-
lence of this pathogen, or that relate the viral tropism of some HAdV genotypes with pa-
renchyma (9,64). It has also been sought to find an association with severity in the symp-
toms. Therefore, it would be important to evaluate in the future the role of these recombi-
nant HAdVs associated with severity in symptomatology and which molecular factors
could influence increased virulence, which will be discussed later (9,64).

Table 2. Genbank accession number to recombinant genotypes recently described in the literature. Year of publication, origin of the
recombinant gene for penton base, hexon and fiber. (Source: Human Adenovirus working group) (98)

HAdV Genotype Name Accession # Year (Publication)  Penton base Hexon Fiber
HAdV-B55 P14H11F14/2006/CHN FJ643676 2009 14 11 14
HAdV-B66 P66H7F3/1987/ARG JN860676 2012 66 7 3
HAdV-B68 P16H3F16/2004/ARG JN860678 2011 16 3 16
HAdV-B77 P35H34F7/1985/DEU KF268328 2013 35 34 7
HAdV-B78 P11H11F7/2013/USA KT970441 2016 11 11 7
HAdV-C89 P89H2F2/2015/DEU MH121097 2019 89 2 2


https://doi.org/10.20944/preprints202212.0422.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 December 2022 d0i:10.20944/preprints202212.0422.v1

HAdV-C104 P1H1F2/2017/CHN MH558113 2021 1 1 2
HAdV-C108 P1H2F2 N/A 2014 1 2 2

In 2018, Cheng et al analyzed an isolate of HAdV-55, a recombinant resulting from
HAdV-B11 with renal tropism and HAdV-14 with upper airway tropism, which has been
present in outbreaks of severe pneumonia in the pediatric population in China since 2006
(97). Table 2 shows viral types identified since 2009, these HAdVs have emerged based on
recombination of previously reported viral types. In Table 2, we have described the per-
centage similarity between HAdV-55 proteins compared to other human HAdV proteins.
All these HAdVs had been described in the literature as causal agents of pathologies. We
observed the similarity with HAdV-14, except for the hexon genes, which are highly like
HAdV-11, which would confirm the existence of recombination between them (Table 2
and 3) (98). Unfortunately, because of these findings, it is not feasible to carry out the
identification at the level of the viral type using specific primers only for the hexon gene,
since the discovery of new recombinants could not be observed. Therefore, it is recom-
mended to evaluate the viral type by detecting the penton, hexon and fiber genes (97).

Table 3. Percent amino acid sequence identity of recombinant HAdV-55 proteins compared to other circulating human Adenovirus
species B. (Adapted from Zetao Cheng et al) (97)

E1A E2B
Protein 29.1 E1B DNA poly- L1 L2 L3 E2A La E3 L5 Fiber E4
20 kDa pllla  Penton base Hexon DBP pVIIl 11.7 kDa ORF 6
kDa merase
HAdV-B35 95.8 98.3 93.2 99.5 98.6 94.4 62.9 99.1 99.1 62.1 97.7
HAdV-B34 97.7 99.4 98.7 99.3 95.3 91.3 99.4 99.1 98.1 62.2 97.7
HAdV-B14 97.7 100.0 99.7 99.8 99.5 92.2 99.8 99.6 99.1 99.1 99.3
HAdV-B11 96.6 98.3 93.0 99.3 98.4 98.4 99.2 99.1 98.1 92.3 98.0
HAdV-B7 79.4 87.8 89.9 92.7 85.3 86.6 82.6 94.3 90.6 91.1 96.7
HAdV-B3 79.0 87.2 89.9 93.0 85.5 86.3 83.8 94.3 89.6 56.7 97.3

9. Association of genotypes (Types), infected tissues and severity of the infection

For this review, we have not found multicenter studies with a considerable number
of cases that have evaluated genotypes of the virus associated with severe disease. There
are also no evaluations of large populations with surveillance of HAdV genotypes associ-
ated with heightened virulence or with description of more severe symptoms (require-
ment of intensive care or use of mechanical ventilation). Despite the above, we found few
studies that have shown an association between certain genotypes and infectious diseases.
One of the first reports was in 2016 in China, at the Zhujiang hospital, HAdV-7 caused a
longer duration of fever, greater tachypnea, dyspnea, pleural effusion, diarrhea, hepato-
splenomegaly, altered states of consciousness, as well as higher rates of pneumonia, me-
chanical ventilation, and higher mortality rate (28.6%) than other types such as HAdV-2
and HAdV-3 (99). In 2021, a study in Turkey evaluated respiratory samples through na-
sopharyngeal swabs received by a national reference center (Public Health Institute of
Turkey), finding an association with HAdV-F in two cases with respiratory symptoms.
Previously, only F-species adenoviruses had been described in pathologies associated
with intestinal tissue. HAdV species B, C, D and F were found in the overall result, with
a predominance of species C. Moreover, a high percentage of lower respiratory samples
with HAdV-B7 was detected, a re-emerging pathogen in that country (100). In 2019, the
diagnosis by RT-qPCR carried out on nasopharyngeal aspirates samples from a pediatric
hospital in China, found 5.64% of HAdV in children under 6 years old, with symptoms
suggestive of pneumonia in 86.11%. of the cases, without predominance of one species
over others. In this study, the most frequent pneumonia genotypes were types 2, 3, and 7.
The relationship to severe disease was not analyzed with any of the genotypes described
(101). Among the few studies that have highlighted the association of genotypes and dis-
ease severity, it was found that HAdV-B3 has been identified as the pathogen causing
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outbreaks of severe acute respiratory diseases in Korea (102), Brazil (103) and Taiwan
(104).

10. Relevant characteristics of the HAdV genome

With the use of the whole genome sequencing (WGS) technique the viruses have been
studied at the molecular level more frequently, evaluating the possible impact of proteins
associated with cell tropism or disease severity (80, 105, 106). WGS makes it possible to
carry out a phylogenetic analysis to recognize outbreaks in progress, especially in hemato-
oncology patient units or rooms for immunosuppressed patients, to take corrective
measures in health institutions (107). With this methodology, researchers have been able
to study the HAdVs detected in outbreaks associated with health care, and the epidemio-
logical links between hospital or in special facilities (shelters, prisons, orphanages) (16,
106).

Despite the extensive development of WGS in HAdV, few proteins have been asso-
ciated with severe disease. As well as, the immune regulation proteins associated with the
E3 region, which codes for 6 to 9 proteins depending on the HAdV species, with different
roles within the regulation of the immune response, such as downregulation of MHC I or
sequestration of immune system proteins among others (108,109,110)

Within human adenoviruses, particular proteins have been studied in HAdV-19 in
search of a role in viral pathogenesis. This viral type induces the production of certain
proteins. Windheim et al reported a unique resistance system, HAdV-19 encodes a protein
secreted by infected cells (sec49K), which selectively blocks the CD45 protein, one of the
key regulatory molecules of leukocytes, a member of the receptor protein family tyrosine
phosphatase (RPTP) (111).

11. Social determinants of health and their impact on HAdV

The World Health Organization (WHO) defines Social Determinants of Health
(SDOH) as the circumstances under which people are born, grow, work, live and age,
including the broader set of forces and systems that influence the lives of people (112,113).
These conditions can be very different for different groups in a population and can lead
to differences in health outcomes (10). Although the SDOH were considered for chronic
pathologies such as T2DM, obesity and high blood pressure (HBP) with SARS-CoV-2, a
preponderant role was noted in the different state policies, observing that the SDOH in-
fluenced infections (10,114). In Stockholm, Sweden the SARS-CoV-2 infection rate was 3
to 4 times higher in some socioeconomically disadvantaged residential areas compared to
the country average (115).

The social and economic consequences of the COVID-19 pandemic affected the entire
world population, but the socioeconomic groups with the fewest resources were particu-
larly affected, who had more deleterious consequences as a result of infections in family
outbreaks (116,117). As a result of mobility restrictions, quarantines, and the perception
of population risk, there was an increase in unemployment, particularly in jobs without a
contract and in jobs performed by undocumented migrants, who also have more complex
access to healthcare facilities (116,117,118). Despite the fact that several countries have
provided financial aid to reduce the basic needs of the population, their effective support
has been questioned. A study carried out with data from New Zealand, found that the
subsidies only prevented 6.5% of unemployment, with a heterogeneity in the statistics,
since in the young adult population it could save 17.2% of the jobs in the pandemic period,
on the other hand, in the population over 50 years old, it was only able to protect 2.6% of
jobs (119). The risk of unemployment is higher among those who have atypical and pre-
carious working conditions. The negative impact of unemployment on people's health is
well known and includes mental health disorders, increased alcohol and substance abuse,
and family violence (domestic abuse) (120).

Overcrowding has been considered a promoter and disseminator of respiratory vi-
ruses, including HAdV (121,122,123). HAdV has been recognized as a predominantly
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asymptomatic infection-producing virus. After primary infection, HAdV-C DNA can per-
sist in a latent state in lymphoid cells, being excreted intermittently in feces for many years
in immunosuppressed individuals despite being asymptomatic. Therefore, in over-
crowded populations, the risk of generating outbreaks increases, especially in areas with-
out basic environmental sanitation (non-drinking water, electricity, refrigeration)
(91,124,125).

It is important to know the population at risk of acquiring HAdV, since it is generally
associated with SDOH. Infants, preschoolers, older adults, and immunocompromised in-
dividuals are more likely to become infected and develop severe pneumonia (126,127).
Infants and preschoolers spend a lot of time in daycare centers, where outbreaks can occur
due to the production of droplets and aerosols with respiratory viruses among infants, in
a group where control and the use of face masks are difficult (128,129). In older adults,
particularly in nursing homes, the same context can occur, generating intradomiciliary
outbreaks, which can cause severe sequelae and death in these centers (130).

One of the elements that make it possible to reduce the gaps in health inequity (131)
is universal access to vaccines (132,133). In this case, there are live attenuated adenovirus
vaccines for oral use, developed for HAdV-4 and HAdV-7, however, they are only avail-
able for military use in some countries. Moreover, the FDA authorized it for exclusive
Military use in the US since 1980 (134,135). In COVID-19, various articles have commented
on inequity in access to vaccines, another social determinant in health that generates an
imbalance between countries with high purchasing power and countries with lower Gross
Domestic Product (GDP). The number of injected doses per population was 69 times
higher in developed countries than in developing countries (136,137).

If an eventual HAdV pandemic is to be prevented, it would be advisable to recon-
sider access to a vaccine that is already available and with proven efficiency (138). In the
2000s, there was a suspension in vaccine production due to lack of government support
in the US, however, a study by Gray et al. predicted that the loss of the adenovirus vaccine
would be responsible for 10,650 preventable infections, 4,260 medical evaluations and 852
hospitalizations among the approximately 213,000 U.S. Army, Navy, and Marine Corps
active duty and reserve recruits enrolled each year (139). Therefore, in the second decade
of the 21st century, vaccination was reincorporated, this time for HAdV-4 and HAdV-7,
this was authorized by the FDA for military personnel between 17 and 50 years of age.
This measure made it possible to considerably reduce outbreaks in military recruits (140).
It is expected that in the future there will be vaccines available in the general population,
given that multiple studies are developing inactivated vaccines or protein portions with
demonstrated antigenicity (141,142,143,144). These vaccines could reduce these already
highlighted inequality gaps and eliminate some of the social determinants associated with
vaccination. Therefore, universal access to those already available could be rethought, or
at least in previously exposed risk groups (preschoolers, older adults, and immunosup-
pressed people) (143,144).

12. Treatment

HAAJYV is recognized as a self-limiting pathology in infants, children, and adults, with
few episodes associated with mortality (9). However, there are recognized groups where
the symptoms can evolve to severe pneumonia with requirements for critical care units,
ventilatory support, and even death of patients (16,26,45). That is why various drugs have
been studied to be used in the treatment of HAdV. Currently, the use of drugs remains
controversial since there are no randomized prospective therapeutic trials in the medical
literature (134).

Cidofovir (CDV) is a cytosine nucleotide analog that inhibits DNA polymerase, it has
the highest in vitro activity against HAdV among currently available antiviral agents and
it is the currently preferred therapeutic agent (134,145,146,147). Only available intrave-
nously (134). Regimens (dose, frequency, and period) are variable. Standard doses include
5 mg/kg every 1 or 2 weeks or 1 mg/kg twice a week, both in the pediatric and in the adult
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population. Its use is recommended in immunosuppressed patients with solid organ
transplantation and hematopoietic stem cell transplantation, who have infected with
HAdV. In immunocompetent patients who require critical care units, particularly me-
chanical ventilation and extracorporeal membrane oxygenation (ECMO) could be used
(134,147,148,149).

On the clinicaltrials.gov platform, which we reviewed on October 10t, 2022, when
we searched with the terms “HadV” and “Treatment”, 212 research protocols were found,
only eighteen have been finalized with results available for evaluation. Three were ade-
novirus as a vaccine model for the Marburg Virus and Ebola, one for HIV. Only three
studies on the platform refer to HadV treatment itself. In these three studies, they used
Brancidofovir drug (BCV) (Phase II study) (150).

BCV is a new antiviral agent in early clinical trials, initially created to protect small-
pox virus mutants as a bioterrorism agent (151). CDV was its origin molecule, but due to
its recognized nephrotoxicity, scientists decided to generate a prodrug with fewer side
effects. In addition, it was observed that BCV was between 25 to 150 times more effective
against smallpox (152). During its development, it was observed that it had a potent ac-
tivity against other double-stranded DNA (dsDNA) viruses, particularly against HAdV
(153).

BCV is a lipid conjugate, that covalently binds to CDV, mimicking lysophosphatidyl-
choline, which is capable of using the natural pathway of lysophosphatidylcholine uptake
in the small bowel (153). BCV is a prodrug that can be used orally but, unlike typical pro-
drugs, remains within infected target cells. Once at the destination site, BCV is converted
to CDV after cleavage of its lipid moiety, then CDV undergoes phosphorylation via the
intracellular kinase pathway to form active cidofovir diphosphate (CDV-pp). CDV-pp can
function as a competitive inhibitor of DNA polymerase. This drug decreases DNA syn-
thesis, thus generating early termination of nucleotide chain elongation (154,155).

One of the phase III studies evaluated 60-day all-cause mortality in hematopoietic
cell transplant recipients treated with BCV with disseminated human adenovirus (156).
Results are not yet published, but interim reports showed that in 66% of HAdV-positive
patients, post-brancidofovir treatment, no viral genome was detected in plasma, urine,
feces, or respiratory secretions in the majority of cases. Mortality was 37% at day 75 of
follow-up, compared to a previously reported 50-80% mortality with other treatments
such as cidofovir or without medical treatment (157). It is expected that the next few
months will provide information on the other Phase III studies of this drug and its use in
HAJV and other dsDNA viruses.

13. HAdAV as a SARS-CoV-2 prevention strategy

HAdV have been used as viral vectors that produce antigenic proteins within host
cells, potentially being a safe platform for the development of vaccines for multiple path-
ogens, for example: HIV (158,159,160), Zika virus (161), Plasmodium falciparum (malaria)
(162), SARS-CoV-2 (163,164,165,166,167). The first antecedents were described in the mid-
1990s. One of these articles was carried out by de Imler ef al. demonstrating how the virus
can express heterologous proteins in vitro, allowing the formation of recombinant viruses
with high immunogenic power, these viruses are capable of expressing a wide variety of
antigens (168). In 1995, Juillard et al. demonstrated that recombinant adenovirus vaccines
with defective replication, that is, unable to produce a protein with a quaternary structure,
therefore they do not generate assembly and production of new virions, had the capacity
to induce a humoral response even after 6 months of administration with a single dose
(169). In this type of recombinant model, an AdV (both human and simian) was used, this
AdV was incompetent to replicate in the host, which carries one or more genes of the
antigenic proteins that are to be expressed, for example SARS-CoV-2 spike protein. In this
case, the recombinant virus is inoculated into specific cell cultures, so that during their
replication they can express the protein on the viral surface. (170,171,172). HAdV must
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have the ability to interact with the host's immune cells, allowing an antigen-antibody
interaction to develop an effective cellular and humoral immune response (172).

The advances in the development of this model described in the early 1990s, allowed
some primary evaluations to be made in animal models in 2008 to combat eventual SARS-
CoV epidemic outbreaks. This virus had caused an epidemic in the Asian continent in
previous years, with hundreds of deaths (2003) (173,174). This study also compared the
humoral immune response through inoculation of recombinant HAdV in intranasal ver-
sus intramuscular mouse vaccine models (174). In 2012, the first tests of recombinant ad-
enovirus vaccines with SARS-CoV were carried out.Byoung-Shik and his collaborators
were pioneers in the development of an adenoviral vector that was shown to generate an
immune response in mice, with an eventual protective effect through the measurement of
plasmatic levels of antibodies against the SARS-CoV variants described. (175). Indubita-
bly, these investigations allowed important scientific advances, allowing the development
of vaccines for MERS-CoV (176) and Ebolavirus (177). The safety profile of recombinant
AdV vaccines has been demonstrated in a variety of clinical trials with different viral mod-
els (163,164,174,175,176,177,178).

These investigations allowed us to have basic knowledge, which explains that in a
short period of time, new researchers were able to implement clinical studies on recombi-
nant adenoviral vaccines against SARS-CoV-2. Countries like Russia (179), England (180),
USA (181), China (182) developed their own models using different adenoviruses, both
human and simian in their development (171). Vaccine studies for the prevention of
COVID-19, using an AdV vector, proved to be a safe model, with few adverse events.
Various studies reported adverse events such as pain at the injection site, fatigue, and
fever during the first 24 hours; these symptoms were reported even less frequently in
adults older than 55 years. Therefore, this demonstrated that these vaccines were safe to
implement as a pharmacological model of pandemic control. A vaccine model with 25
years of research (168,183,184).

14. Strategies for the prevention of HAdV

Effective control of infectious disease outbreaks is an important public health goal
(185). Without a doubt, the first strategy that a scientific team would like to develop to
control a pandemic is the complete eradication of this virus. For this, wild reservoirs (zo-
onosis) should be considered. Without its eradication, no vaccine for human use would
have an impact on viral elimination. Unfortunately, primary prevention through mass
vaccination to eradicate viruses such as HAdV, influenza or SARS-CoV-2 is currently un-
feasible. However, there are multiple strategies that allow control and eventually stop the
spread of respiratory viruses. In 2007, Handel et al. proposed the necessary strategies for
the control of new pandemics, using the SARS-CoV model (185). They suggest that it is
necessary to focus on different intervention measures, such as travel restrictions, school
closures, early treatment of symptomatic cases, isolation and quarantine of positive cases
and their exposed contacts, pharmacological prophylaxis for exposed patients in case of
availability of drugs that decrease virus spread. Theoretically, these measures could allow
us to control disease outbreaks, such as SARS, pandemic influenza, and other viral dis-
eases (185). Aledort et al. conducted a review of the evidence for the control of pandemic
influenza through non-pharmaceutical measures. They analyzed more than 2,556 scien-
tific articles available on search engines (186). In that review, the authors stated that it
would not be convenient to base preventive strategies only on mass vaccination of the
population or antiviral drugs in prophylactic therapy, since these drugs would be limited
in their access, since mass production by the pharmaceutical industry is not feasible.
Therefore, nations with greater purchasing power would monopolize the bid for these
drugs. Accordingly, the focus of nations should be to promote control in non-pharmaco-
logical measures, such as preventive isolation of cases, quarantine of close contacts, edu-
cation in the proper use of the mask (187), hand hygiene and Respiratory Hygiene/ Cough
Etiquette (188,189). Limitations on Human Mobility and the movement of people between
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cities, countries, or continents. The use of a mask on planes, ships and other means of
transport that make long journeys. Understanding that these non-pharmacological
measures have economic implications that must be evaluated. During the pandemic, there
were countries with restrictions on the entry of tourists for a long pandemic period, such
as China and New Zealand. In the case of China, it continued with the zero COVID strat-
egy until mid-2022. It is estimated that up to 1 million deaths could be avoided with this
strategy of restriction, quarantine, and travel limitation. The advantages of this strategy
were the reduced number of deaths (2 cases from May 15t 2020 to February 15t 2022). A
better balance in the distribution of resources between COVID-19 and other diseases, a
better balance between COVID-19 and other economic problems (190). Disadvantages
such as deterioration in mental health, distance in social relationships, decrease in face-to-
face school activities, limitation of travel outside the territory of residence (190). But in
countries whose main economic source is tourism, such as the Dominican Republic, they
were forced to eliminate mobility restrictions early. In February 2022, all restrictions on
the entry of tourists into the country were lifted, to maintain the entry of foreign currency.
Tourism is one of the main sources of income for the resident population (186,191). Un-
fortunately, Aledort et al did not find strong evidence for specific non-pharmacological
measures. However, some measures did have an impact in reducing epidemic outbreaks;
hand washing, cough etiquette (192), case investigation and contact tracing, isolation of
patients (193) and rapid viral diagnosis at point of care (194,195). In 2007, this group al-
ready recommended the use of masks in symptomatic patients and healthcare workers
(186,196,197).

According to the review by Aledort et al (2007), it was interesting to observe that
within their recommendations they explicitly suggested not limiting physical distancing,
because of the inconclusive information obtained in the reviewed articles. They suggest
that the cross-evidence was limited and contradictory. Despite the propensity of influenza
epidemics to spread in elementary schools, data on the effectiveness of school closures in
reducing community transmission in the reviewed literature were conflicting (198,199).
This information can currently be refuted with more than 15,000 articles that have evalu-
ated physical distancing in some way in the SARS-CoV-2 pandemic (200). Glogowsky et
al studied the effect of physical distancing in Germany during COVID-19. They demon-
strated that because of physical distancing there was a decrease in 84% of the cases com-
pared to what was expected with mathematical modeling. Similar results were obtained
with the decrease in deaths by 66%. These data were confirmed by various subsequent
studies (201,202,203,204).

In 2006, Gostin et al studied community restraint measures. They recommended eval-
uating the restrictions according to the evolution of community infections. At the same
time, the restrictions can only be used for limited times, to avoid discontent among the
population (205,206). Unlike what was documented in the SARS-CoV-2 studies. The states
put sanitary measures above individual liberties. The world authorities assumed this risk,
to avoid a total health crisis and the collapse of health systems (204,207,208). According to
the literature evaluated in 2007, experts argued that generalized detection of travelers
would be impractical and inefficient, as long as it is not feasible to detect asymptomatic
excretion from infected patients (186). However, 13 years later, the measure was imple-
mented in various airports around the world. Delimited quarantines, study through
Realtime-PCR or study of SARS-CoV-2 viral antigen were indicated. Scientific groups pos-
itively evaluated these measures. They described them as having a high epidemiological
impact for controlling the entry of infected cases to the various countries. For example, in
Toronto, all passengers over the age of 18 coming from abroad were tested. This group
detected up to 2/3 of the cases that became symptomatic for COVID-19 within 14 days
(209,210). Other studies have shown that free tests against COVID-19 massed at airports
decreased public spending on health, since they cut the infection chain upon entry to
countries (209,210,211).

In summary, after two pandemics in the last 15 years (Influenza HIN1 pdm09 and
SARS-CoV-2), we can see that non-pharmacological measures are essential to control the
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situation in periods of maximum stress in the health system. However, there is insufficient
scientific evidence to ensure which are the appropriate measures. While scientists have
not reached a consensus on non-pharmacological measures, the opinion of experts and
the WHO guidelines will be the alternative to follow. Among these measures, the most
efficient demonstrated are: 1) Hand washing; 2) respiratory protection (cough etiquette
and use of a mask); 3) critical analysis of the scientific literature. In 15 years, a change in
scientific judgment of non-pharmacological measures has been observed, from not limit-
ing travel, to active border surveillance, with shortened isolation in travelers, massive
studies with molecular tests for the detection of respiratory viruses. Use the new technol-
ogies available to trace population movement through GPS, mobile networks such as 5G
technology, including applications for self-reporting of symptoms in travelers
(186,208,212).

15. Why is genomic surveillance of HAdV important? Establishment of SARS-CoV-2
Genomic Surveillance

Genomic surveillance overview

In 1952, the World Influenza Surveillance Network was created, an initiative created
by the WHO (213). Since the 1990s, systematic surveillance of various respiratory viruses
has been described in several countries. In 1992, Germany set up its first routine influenza
surveillance network. Initially the samples were cultured in the Clinical Reference Labor-
atory for diagnostic confirmation (214). In 2002, the virus search was through Realtime-
PCR for influenza virus (215). In parallel, the interconnected computer surveillance di-
rected by the WHO emerged in 1998. An interconnected network of centers that central-
ized their data through the Internet. This network allowed the detection of outbreaks in
54 centers affiliated to the software around the world (216). From 2006 to 2009, the scien-
tists observed that the pattern of annual cases was increasing and was not the character-
istic profile of the southern hemisphere. In China, it was observed that there were two
peak cases (2006, 2009). Influenza had an unusual behavior in the population. This sur-
veillance network observed this event and alerted the WHO authorities. It was observed
that in the surveillance period there was initially an increase in cases of influenza in South-
east Asia before the spread before in other regions of the world (217).

Every time a new variant of SARS-CoV-2 emerges, it is cause for concern. The scien-
tific community tries to understand the virological characteristics. Is this variant less or
more transmissible than the original virus? Can this variant evade the immune response?
Does this variant cause new symptoms? Which patients will be the most affected? Which
immunocompromised people are at higher risk for severe COVID-19? For scientists to be
able to answer these questions, we need to recognize the sequencing of the variants in
order to carry out genetic studies and identify the modifications in the genome that can
produce these alterations. Therefore, it is essential that worldwide surveillance of respir-
atory viruses continue, ideally WGS should be carried out, so that genome modifications
can be recognized that can be associated with greater viral pathogenicity, generating al-
terations to the immune response in the population. This technique is proving to be im-
portant for understanding transmission patterns and potential host-virus interactions.
These analyzes cannot be performed with the diagnostic technique of Realtime-PCR or
CRISPR (218,219).

Surveillance in HAAV

In the case of HAdYV, there are few reports on global surveillance in humans. Since
2003, the US CDC systematically initiated HAdV surveillance. During the first years, sur-
veillance was carried out with cell culture and serotyping, currently using molecular
methods. The arguments for carrying out surveillance are several: 1. Determine patterns
of circulation for individual HAdV types in the US; 2. Recognize outbreaks associated
with circulating ADVH types; 3. Guide the development of new diagnostic tests, thera-
pies, and vaccines (220). In the United States there are two institutions that complement
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this surveillance. The first institution led by the US Department of Defense (DoD), the
Global Emerging Infection Surveillance and Response System (GEIS). Network estab-
lished in 1997 as part of the Armed Forces Health Surveillance Branch (AFHSB) to conduct
laboratory surveillance of respiratory diseases among military populations. The second
institution is also part of the CDC, but with a passive surveillance system that collects data
from different virological diagnostic centers in the US. Its objective is to carry out temporal
and geographical surveillance of different respiratory viruses (221).

HAAV Surveillance in Wastewater

Viral surveillance in wastewater allows the evaluation of viral behavior in certain
populations. The objective is to evaluate the population load of pathogens in the water,
studying genetic material from the sewage system (home, hospital, and industrial water).
A study in Taiwan demonstrated the increase of HAdV genetic material in wastewater,
also evaluated samples obtained in seamarkets near the Sewage treatment (oysters and
bivalve shellfish) (222). SARS-CoV-2 surveillance in wastewater has proven to be a sensi-
tive tool for studying spatial and temporal trends in virus circulation in the population
(223,224). Through metagenomics, the circulating virome and the behavior of different
respiratory and enteric viruses and even circulating zoonotic viruses in large cities around
the world were studied (225,226).

Surveillance and Monitoring of Zoonoses

Given the background information on genomic surveillance, research institutions
and governments should consider virus surveillance in the animal kingdom a priority. In
this way, the appearance of new pandemic viruses or the resurgence of old acquaintances
could be recognized early. Constant evaluation of circulating zoonotic viruses is required
(213). The ECDC has been conducting avian influenza surveillance for several years, pub-
lishing reports three times a year. In the last report published in September 2022, an unu-
sual increase in cases of highly pathogenic avian influenza is reported. 47.7 million birds
were culled, with a total of 2,467 reported outbreaks. In addition, two A(H5NG6), two
A(H9N2) and one A(H10N3) human infections were documented in China. The risk of
infection is assessed as low for the general population and low to medium for persons
occupationally exposed to poultry (227). Birds are also being monitored for avian adeno-
virus (AdVA). In poultry, AAVA has fatal consequences, which can cause productive loss
in poultry companies (228,229).

With the background exposed in the reviewed literature. Mainly studies related to
influenza and SARS-CoV-2 surveillance, both public and private surveillance initiatives,
is that it should be considered necessary to increase the search and sequencing of other
viruses of human importance. At the same time, in the case of zoonotic viruses, animal
reservoirs should be included in the study to recognize eventual pandemic events early
(230,231,232).

16. Future projections of HAdV study in the 21st century

The SARS-CoV-2 Pandemic made it possible to study a Multidisciplinary Approach
virus. With this virus it was possible to analyze in real time the necessary requirements to
avoid a disaster in the collapsed health system in developing countries (233). In 2015,
Murthy et al. exposed the deficit of ICU beds in low-income countries. These countries
had an average of 8 critical beds per hospital (1.5%) (234). In 2022, the deficit of critical
beds persists, and the decreased doctor-nurse-patient ratio is added in many of them (235).
Strengthening multisectoral engagement for health security was corroborated with the
COVID-19 pandemic. At least the joint work of scientists, academics, health institutions,
health personnel, the pharmaceutical industry, international organizations, and govern-
ment institutions together is required. WHO organized itself in a multisectoral way with
its One Health initiative for the study and management of antimicrobials (236,237). Uni-
versal access to vaccines, variations in surveillance systems, virological diagnostic tests,
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and a combination of measures to protect vulnerable groups have managed to keep the
number of SARS-CoV-2 cases at an affordable level for hospitals and health institutions.
The effect of these policies allowed a decrease in the circulation of other respiratory vi-
ruses in the first months of the pandemic, reducing the overload of health systems
(218,238,239,240).

To avoid a HAdV pandemic, all the groups described above are required to act to-
gether, using the tools acquired by the recent COVID-19 pandemic. The development of
vaccines, genomic surveillance in sentinel centers, web pages with scientific dissemination
in real time, free access to genomic sequences and multisectoral coordination, to recognize
early unusual increase in cases of infection that could be important for human health and
zoonosis control (123,218).

2Universal vaccination for SARS-CoV-2 with recombinant vaccines. What will be the effect on
circulating AAVH in the community?

The use of the vaccine in the military was previously described (241). During the
period in which HAdV vaccination was suspended, there was an unusual increase in
cases, including fatal outbreaks in some US military units (139). Several studies suggest
that the use of HAdV-vectored vaccines may have little role in protective immunity, due
to earlier recognition of immunity from constant lifetime exposure to these viruses (242).
In HIV vaccine studies, a risk situation was observed. In preliminary studies, there was
an increased risk of acquiring HIV in the population vaccinated with HAdV-5/HIV vec-
tored vaccines, apparently due to previous immunity against adenovirus (243). In studies
of Ebola and Influenza, they observed that using high doses of HAdV-5 viral particles, an
adequate immune response was generated despite the pre-existence of antibodies in pa-
tients previously exposed to wild type HAdV-5 (244). These data are very interesting for
the study of HAdV. Since they demonstrated that previous immunity to the virus would
not influence the use of HAdV as a vector for other viral proteins (245). Could it be that
the use of vectored vaccines for SARS-CoV-2 indirectly increases protection against
HAdV? Or will new types simply be selected that have no antigenic response against the
vaccines? To date, there are no studies that have evaluated changes in the circulation of
viral types in recent years after the massive use of HAdV as a vaccine vector for other
viruses (123). This question can only be resolved with the massive use of HAdV vector
vaccines. One of the safeguards in the research will be to evaluate the cross-protection that
these vaccines could provide against HAdV-5 and eventually other viral types associated
with species C. This could generate changes in the circulation of viral types that are not
previously recognized by the immune system, generating selective pressure for new cir-
culating viral types. By decreasing the viral load of the HAdV-5 population, a type of
HAdV with global circulation and high seroprevalence in adult patients (73%) (244,245).
This could create new recombinants in previously vaccinated immunosuppressed pa-
tients (246), who, by presenting concomitant exposures of different adenoviral types,
could potentially generate more aggressive recombinants. If the environmental and host
conditions are adequate, recombinant pandemic precursor strains could be generated. For
this reason, the future analysis will be to evaluate the epidemiological modifications in
the circulation of HAdV in populations with frequent use of vector vaccines. We observed
that current adenoviral vectors suppress the E1A and E1B genes, key proteins for effective
viral replication. However, HAdV maintain the rest of the genetic machinery, therefore,
they have the capacity to synthesize their capsid and HAdV antigenic proteins. That is,
the antigens will be recognized by the immune system as HAdV proteins and therefore, a
subsequent immune response will be generated. We will only know the final effect with
mass vaccination with adenoviral vectors and population immune response analysis (se-
rology) through measurement of neutralizing antibodies against HAdV-5 (171). In the
process of evaluating next-generation adenoviral vector vaccines, modifications to the vi-
ral capsid proteins are being reviewed, including alterations in structural proteins to
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evade immunological recognition of HAdV antigens and allow the antigenic proteins of
the recombinant virus to modulate the immune response (247,248).

> HAAV as a Vector for Other Vaccine Models

As previously explained in this article, the AdV model as a recombinant vector vac-
cine has been tested in multiple virus models at different stages of production. The maxi-
mum development of these recombinant vectors was achieved with COVID-19, where the
vaccines have been approved by the FDA for use in pandemics (249). This successful
model of recombinant vector vaccines could be quickly implemented if necessary, in new
viral pandemics. However, its use in gene therapy for cancer treatment has also been eval-
uated. In the case of gene therapy, the virus could express certain antigens to be subse-
quently recognized by immune cells, similar to the mechanism used as a recombinant vi-
rus (250). The success of vaccination with SARS-CoV-2 proposes this platform as a safe
vaccine, a vaccine tested on a massive scale and with a recognized immune response
against it (250,251). Another novel investigation presents the development of vaccines for
Influenza, with a recombinant HAdV-4 in a capsule for oral use. This vaccine in initial
studies demonstrated circulation of neutralizing antibodies in the study subjects up to 2
years after vaccination, high levels of IgA in mucous membranes were also observed in
the study period (252). There is currently a vaccine under development with an adenoviral
vector for H2N2, an avian influenza virus that circulated in humans from 1957 to 1968, a
virus that caused 4 million deaths during that period (253).

= Utility of recognizing HAAV genotypes. One more step towards genomic surveillance.

At present, the clinical characteristics associated with the severity of the infection
classified by HAdV types have not been sufficiently explored. Risk factors, clinical fea-
tures, circulating AdVH species, treatment, and prognosis require correct viral typing
(254). The different types of HAdV show different tissue tropisms that correlate with the
clinical manifestations of the infection. The predominant rates circulating at a given time
differ between countries or regions and change over time (134). In 2016, Wang et al. one
of the first groups to describe the association between recombinant HAdV-C species and
symptom severity in pediatric patients (36). In 2021, a meta-analysis conducted in China
analyzed data obtained from the Pubmed and Embase library for case reports of ADV
infection. They assessed the clinical features of the disease in 228 patients. In conclusion,
the authors reported that prior solid organ transplantation, hematopoietic stem cell trans-
plantation, and hematologic malignancy were risk factors for disseminated HAdV infec-
tion. Corticosteroid use was significant for HAdV urinary tract infection. Different species
were correlated with different clinical features of infection. Adenoviral types within spe-
cies A, B, D, E were diagnosed more frequently in disseminated disease (with involvement
of various tissues or organs) in immunosuppressed patients over F and C (p = 0.001), in
the case of pneumonia the association was with species A, C, D, and E to a greater extent
than with species B and F (p = 0.002). However, this study did not assess differentiation
in severity between types of HAdV. Fu et al, described at Chongqing Medical University
Children's Hospital, that HAdV-7 cases were associated with most severe and fatal cases
in pediatrics over HAdV-3. In the results found, there was an increase in severe pneumo-
nia, toxic encephalopathy, leukopenia, and thrombocytopenia when compared with
HAdV-3. In cell culture HAdV-7 replicates at higher levels than HAdV-3 (p < 0.005), in-
creased production of C3a (p < 0.05) and proinflammatory cytokines (TNF-a, IL-13, IFN-
v and IL -6) (p =P <0.05, 0.01, and 0.001, respectively) (11). Previously, in 2018, an associ-
ation with symptom severity had already been described in HAdV-7. However, since
there is no integrated genomic surveillance worldwide, it has not been possible to identify
which factors affect severity in HAdV-7 or other types such as HAdV-55 (255). A new
HAdV-C, postulated as HAdV-104, was recently described using current typing nomen-
clature. It would come from the recombination of parental viruses harboring the HAdV-1
penton and hexon gene and the HAdV-2 fiber gene. This novel recombinant was
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discovered in a hospitalized pneumonia patient with no description of serious illness. This
article reinforces what was previously evaluated. We consider recombinant HAdVs as
part of the evolutionary process of HAdV-C, therefore we believe that continuous ge-
nomic surveillance with viral typing is necessary, due to previous reports that would in-
dicate an increase in the severity of clinical symptoms in recombinants of the HAdV-C
species (256,257). Kajon and her laboratory commented in a review that typing is not usu-
ally performed for the majority of diagnosed cases of HAdV respiratory infection. Only
large outbreaks or cases of unusual severity have prompted detailed molecular, etiologic,
or epidemiologic investigations (94). We believe that, as it was implemented for Influenza,
later in SARS-CoV-2, genomic surveillance should be integrated into the various respira-
tory viruses with pandemic potential, in the case of HAdV, typing should be included,
recognition of modifications in their antigenic proteins, infectious power (viral tropism)
and severity of symptoms.

= Genomic surveillance

The articles evaluated demonstrate the need to establish genomic surveillance world-
wide, by performing complete genome sequencing, not only the viral type can be studied,
but also the modifications in fundamental proteins that can predict evolutionary success,
with a potential producer of a pandemic under conditions known as the epidemiological
triangle (virus, environment, host). Genomic surveillance would make it possible to eval-
uate circulating patterns in different regions of the world, document the evolution of out-
breaks, and focus diagnosis, new vaccines, and drug therapies directed to specific targets
(220). The advantage of this active surveillance of cases would allow us to anticipate un-
usual increases in cases associated with influenza.

17. Conclusion

The pandemic of Severe Acute Respiratory Syndrome Coronavirus 2 raised the ques-
tion: What other respiratory viruses could cause a pandemic?

Over the past 50 years we have seen an increase in the frequency of respiratory epi-
demics (Asian flu, Hong Kong flu). Just since 2000, we have had 4 respiratory viruses
associated with major epidemics (SARS-CoV, Influenza HIN1 pdm09, MERS, SARS-CoV-
2) (123). Aswe have observed in this review, HAdV could perfectly generate a pandemic
if the factors associated with the virus, host, and environment were aligned (123)

For the control of respiratory viruses, it is necessary to evaluate non-pharmacological
control strategies (200), have adequate distribution plans of personal protection elements
to healthcare workers (258) and symptomatic patients (186); access to rapid-result diag-
nostic tests at the bedside; border control, especially at airports (209); isolation of cases
and quarantine of contacts, among others, would reduce the population viral load, thus
reducing transmission.

Future projections are on the way. Genomic surveillance of the various respiratory
viruses, particularly HAdV, would make it possible to evaluate the circulating types and
focus vaccination strategies on limited groups (220).

Finally, we want to confirm the prominent role of HAdV in the production of recom-
binant vaccines, which will be very necessary if the conditions for the appearance of new
pandemics continue to exist, where a rapid production of vaccines and HAdV vectorized
vaccine will need to be generated. It is positioned as a known model, with proven success
in the SARS-CoV-2 pandemic, but will this model not affect the circulation of other ade-
noviruses that are not prevalent under current ecological conditions?
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