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Human adenovirus (HAdV) infection can result in a severe respiratory disease. The aim
of this study was to identify HAdV types detected in patients hospitalized for severe
respiratory illness. The study population consisted of 743 patients with severe
respiratory disease admitted to four major hospitals in Kuwait between January 2013
and December 2016. Respiratory specimens were retrospectively screened for 20
respiratory viruses by real-time PCR. The HAdV hexon gene was amplified and directly
sequenced, and HAdV types were identified by performing Bayesian phylogenetic
analysis. HAdV DNA was detected in 27 (3.6%) patients, with peaks in November and
March. Most patients were infants and young children suffering from pneumonia or
acute bronchiolitis. The detected HAdV types were C1, C2, C5, B3, and B7. Clusters of
HAdV C1, C2, and C5 were observed with high posterior probability. All patients
infected with HAdV C5 and 50% of patients infected with HAdV C2 or B7 were
admitted to the intensive care unit (ICU). Co-infection with other viruses was detected
in 44.4% of patients. The most common co-infecting virus was rhinovirus (HRV).
HAdV/HRV co-infection was detected in two children who presumably developed
disseminated HAdV infection and died. This is the first report describing the circulation
of HAdV types associated with severe outcomes in Kuwait. These findings highlight the
need for a national surveillance system to monitor changes in predominant HAdV types

and increased numbers of severe respiratory infections.
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species (A to G) have been described”®; however, most common
respiratory infections are associated with species B, C, and E.” The

Acute lower respiratory tract infections are caused by different
viruses, including human adenoviruses (HAdVs). HAdVs are transmit-
ted via direct contact, small droplet aerosols, the water system, and the
fecal-oral route.r? Very young children, elderly persons with underly-
ing respiratory or cardiac disease, or immunocompromised persons are
at high risk for severe HAdV infection, leading to multi-system organ
failure and death.3® More than 70 HAdV types divided into seven

most commonly detected HAdV types in the in the United States are
C1, C2, B3, and C5.%° Clinical symptoms and epidemiological settings
vary with HAdV type. Mild respiratory symptoms are often associated
with species C*, whereas severe respiratory illness and disseminated
infection have been reported with several types of species HAdV
B,”11713 particularly in infants and persons with underlying diseases.

HAdV types E4 and B7 were also associated with outbreaks of acute
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respiratory disease in new non-vaccinated military recruits in the
United States.'*

The prevalence of HAdV infection varies geographically.*® In
Kuwait, where two-thirds of the population consists of expatriates,
HAdV was reported for approximately 3% of upper respiratory viral
infections and 5% of lower respiratory viral infections during the
period between September 2010 and April 2013.1¢ However, there
are no reports describing the HAdV types involved in severe
respiratory disease in Kuwait. In particular, the circulation of HAdV
types (eg, B3, B7, and E4) associated with prolonged hospitalization
has not previously been investigated; consequently, no control
measures have been taken to stop their spread. In this study, we
examined the molecular epidemiology of HAdV respiratory infection

requiring hospitalization between 2013 and 2016.

2 | MATERIALS AND METHODS

2.1 | Study population

Clinical specimens were sent from different hospitals to the Virology
Unit of the Department of Microbiology, Faculty of Medicine, Kuwait
University, for daily routine screening for viruses. The study population
consisted of 743 patients with severe respiratory disease admitted to
Mubarak Al-Kabeer, Farwania, Al-Adan, or Al-Sabah hospital for at
least 3 days between January 2013 and December 2016. These four
hospitals are the major hospitals in Kuwait. The diagnosis of viral
pneumonia was based on the results of chest radiography!’ and
bacterial culture. Acute bronchiolitis was defined as signs and
symptoms of respiratory distress associated with symptoms of a
viral respiratory tract infection (cough, runny nose, blocked nose,
tachypnea, recessions, nasal flaring, and cyanosis).'8? The following
data were retrospectively collected for each patient: age, sex, clinical
diagnosis, and preexisting chronic conditions. The study followed the
ethical standards recommended by the Ethical Decision Committee of
the Research Administration, Faculty of Medicine, Kuwait University.

2.2 | Microbiogical screening

The isolation of viral nucleic acid from respiratory samples was
performed using an automated MagNa Pure LC 2.0 system (Roche
Diagnostic Systems, Branchburg, NJ). The Fast-Track Diagnostics
Respiratory Pathogen 21 Assay (Fast-Track Diagnostics Ltd., Sliema,
Malta), based on multiplex one-step reverse transcription polymerase
chain reaction (RT-PCR), was performed using an Applied Biosystems
7500 Fast Real-Time PCR System (Applied Biosystems, Foster City,
CA\) to detect 21 respiratory pathogens (20 viruses and Mycoplasma
pneumoniae). These 20 respiratory viruses included influenza virus A
(Flu A); influenza virus AHIN1 (H1N1); influenza virus B (Flu B); human
coronaviruses (HCoV) NL63, 229E, OC43, and HKU1; parainfluenza
viruses (PIV) 1, 2, 3, and 4; human metapneumoviruses (hMPVs) A and
B; human rhinovirus (HRV); respiratory syncytial viruses (RSV) A and B;
human adenovirus (HAdV); enterovirus (EV); human parechovirus
(HPeV); and human bocavirus (HBoV).

2.3 | Adenovirus typing

Nested PCR amplification of a ~1-kb partial coding sequence of the
adenovirus hexon hypervariable regions HVR1 to HVR-6, which
correlate closely with virus serotype, was carried out using two outer
primers (Adhex-GT3F and Adhex-GT2R) and two inner primers
(Adhex-GT2F and Adhex-GT1R), as previously described.?’° Nested
PCR products of ~900 bp were purified using a Wizard SV GEL and
PCR Clean-Up System Kit (Promega Corporation, Madison, WI), and
the nucleotide sequences of both DNA strands were then determined
by performing direct double-strand DNA cycle sequencing using the
inner primers (Adhex-GT2F and Adhex-GT1R) and an ABI PRISM®
BigDye® Terminator Cycle Sequencing v3.1 Kit (Applied Biosystems).
Post-sequencing PCR purification was carried out to remove unbound
fluorescent dye deoxy terminators using a BigDye XTerminator™
Purification Kit (Applied Biosystems). The samples were then
denatured for 2 min at 95°C, immediately chilled on ice, and loaded
on an ABI 3500 Genetic Analyzer (Applied Biosystems). DNA
sequences were subjected to electrophoresis on a 50-cm 8-capillary
array using POP-7™ polymer (Applied Biosystems) as a separation
medium and analyzed using 3500 Series Data Collection Software
version 3 and Sequencing Analysis Software version 6 (Applied
Biosystems).

The obtained nucleotide sequences were searched against the
NCBI GenBank database using the Basic Local Alignment Search Tool
(BLAST), and then aligned with all adenovirus reference sequences
available in the NCBI GenBank database using the ClustalW method
with Molecular Evolutionary Genetics Analysis (MEGA) software
version 4.02.2! Phylogenetic trees were reconstructed using the
Bayesian Markov Chain Monte Carlo (MCMC) approach implemented
in the BEAST v.1.8.2 program.?? The resulting Bayesian Skyline (BSL)
plot was run under a relaxed uncorrelated log normal molecular clock
using the best model for nucleotide substitution (HKY) that was most
closely related to the model obtained with MODELTEST. Convergence
of the parameters during the MCMC was inspected with Tracer
v.1.5,%2 with uncertainties designated as the 95% highest probability
density intervals. Ten million chains were sufficient to achieve
convergence of all parameters with an effective sampling size
(ESS >200). The trees were sampled every 1000 steps, resulting in a
final file of 10 000 trees. These trees were summarized in a maximum a
posteriori (MAP) tree using the TreeAnotator v.1.7.4 program (part of
the BEAST package) and visualized with FigTree v.1.4.0 (http://beast.
bio.ed.ac.uk/FigTree). The accession number of each adenovirus
reference sequence was added to the taxon label in the phylogenetic
tree. Adenovirus sequences resulting from this study were uploaded to
the NCBI GenBank database (accession numbers MF085378 to
MF085404).

2.4 | Statistical analysis

The results were expressed as percentages, medians and interquartile
ranges (IQRs). A 2x2 or 2xk contingency table was generated to
compare different proportions using the Chi-square test and Fischer's
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exact test, as appropriate. The Chi-square test for trend was used to
assess trends in the proportion of HAdV detection during 2013-2014.
Age differences between different groups were assessed using the
Kruskal Wallis test or Mann-Whitney test, as appropriate. Statistical
analysis was performed using IBM SPSS Statistics for Windows,
version 23 (IBM Corp., Armonk, N.Y.).

3 | RESULTS

HAdV DNA was detected in respiratory samples from 27 (3.63%) of 743
patients hospitalized for severe respiratory infection. The IQR of the
threshold cycle (Ct) values was between 21 and 30. All HAdV-positive
cases were detected between August and May, with peaks in November
and March (Figure 1). The majority of cases were reported from two
main hospitals: Mubarak Al-Kabeer (48%) and Farwaniya (37%). There
was no significant increase in HAdV detection during the same period
(P-value = 0.62). The baseline characteristics of patients infected with
HAdV are provided in Table 1. Most patients (n = 24, 88.89%) were
infants and children under 4 years of age. Viral pneumonia and acute
bronchiolitis had been diagnosedin 14 (51.85%) and 13(48.15%) HAdV-
positive patients, respectively (Table 1). There was no significant
difference in the distribution of males and females between patients
with pneumonia and those with bronchiolitis (P-value = 0.103). Four-
teen (51.9%) patients were admitted to the intensive care unit (ICU) and
13 (48.1%) to pediatric or adult wards. None of the HAdV-infected
patients were immunocompromised, received immunosuppressive

drugs, or had underlying chronic diseases.
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According to our phylogenetic analysis of the hexon gene
(Figure 2), the most prevalent HAdV types detected in patients with
viral pneumonia or acute bronchiolitis were C1, C2, and B3, followed
by B7 and C5. The distribution of HAdV types between the two groups
of patients was not significant (P-value = 0.84, Table 2). The hexon
gene sequences from HAdV B3-positive samples showed 99.0-100%
sequence identity, while HAdV B7 sequences showed 99.6-99.9%,
HAdV C1 showed 99.4-100%, HAdV C2 showed 99.2-100%, and
HAdV C5 showed 96.7-98.5%. Some strains from the HAdV C1, C2, or
C5 types formed clusters with high posterior probability (81-100%)
(Figure 2). Clusters formed by HAdV C1 or C2 strains were detected in
different years at two different hospitals: Mubarak Al-Kabeer hospital
(strains 14403-2, 15742-2, and 18168) and Farwaniya hospital (strains
901325, 375, and 07187). There was no significant relationship
between the admission facility (ICU vs ward) and HAdV type (P-
value = 0.44) or HAdV species (P-value = 0.40). However, all patients
infected with HAdV C5 and 50% of patients infected with HAdV C2 or
B7 were admitted to the ICU (Table 2). The median age of the case-
patients did not vary among HAdV types (P-value =0.49), HAdV
species (P-value = 0.58), or admission facilities (P-value = 0.39). How-
ever, HAdV C2 and C5 were not detected in adult patients.

Co-infection with other viruses was detected in 12 (44.4%) HAdV-
positive patient: 8 (29.6%) patients had a co-infection with one virus
and 4 (14.8%) with two viruses (Table 3). The most common co-
infecting virus was rhinovirus, which was detected in 4 (28.6%)
patients with pneumonia and 5 (38.5%) patients with acute
bronchiolitis. The Ct IQR for rhinovirus was between 26 and 33

cycles, while that for other viruses was between 24 and 31 cycles.

4

No. cases of HAdV infection

T T T T T
Jun Jul Aug Sep Oct

T
Nov

T T T T T T
Dec Jan Feb Ivar Apr May

Month

FIGURE 1 Number of cases of human adenovirus infection associated with severe respiratory diseases from 2013 to 2016 in Kuwait.

HAdV, human adenovirus
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TABLE 1 Demographic and clinical characteristics for HAdV-infected patients, January 2013-December 2016

Total
n (%)
Sex
Male 9 (33.3)
Female 18 (66.7)
Age median in years 2
Minimum 1 month
Maximum 36 years

Interquartile range

5 months to 4 years

Viral pneumonia

Acute bronchiolitis

n (%) n (%)

7 (50) 2 (15.4)
7 (50) 11 (84.6)
2 1

1 month 1 month
27 years 36 years

5 months to 5 years

3 months to 4 years

Sample type
Nasopharyngeal aspirate 10 (37)
Nasopharyngeal swab 15 (55.6)
Sputum 2(7.4)
Hospital
Al-Adan 1(3.7)
Farwaniya 10 (37)
Mubarak Al-Kabeer 13 (48.1)
Al-Sabah 3(11.1)

Two children developed complications and died. One 2-year-old
Syrian girl was diagnosed with bronchiolitis and developed left pleural
effusion and hepatomegaly with abnormal levels of liver enzymes

(aspartate transaminase [AST], 2300 IU/L; alanine transaminase [ALT],

6 (42.9) 4 (30.8)
6 (42.9) 9 (69.2)
2 (14.3) 0

0 1(7.7)
5(35.7) 5(38.5)
6 (42.9) 7 (53.8)
3(21.4) 0

891 1U/L); both HAdV B7 (strain 2854) and rhinovirus were detected in
the nasopharyngeal aspirates. However, only HAdV B7 was detected
in the blood, and the hexon region showed 100% sequence similarity
with strain 2854. HAdV strain 2854 detected in Farwaniya hospital in

2.0
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[ 41272013KWI
.83 KW
024 s AdV3/AY599836 @
- 59312014/ KWT
37 0:26 oz 18506/2016/KW HAdV3
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1 053 AdV7/Vaccine/AY594256 @
1 1 02854/2013/KWT
1 L lu0s1z013KWT
7
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548910/2015/KW
2969/2016/KW
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FIGURE 2 Bayesian phylogenic analysis of the adenovirus hexon gene. The values of posterior probability are depicted in the nodes of the
trees. Each adenovirus reference sequence is labeled with its corresponding subtype followed by the GenBank accession number. Tree
branches for adenovirus species not relevant to strains from this study are collapsed. Adenovirus sequences from this study are labeled with
the strain number followed by the year of sample collection. Human adenovirus 5 (American Type Culture Collection, ATCC VR-1516) was
used as positive control in sequencing reactions. The black circles next to the taxa represent adenovirus sequences from the GenBank

database. HAdV, human adenovirus
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TABLE 2 Distribution of HAdV types based on the final diagnosis and the hospital admission facility

Total Viral pneumonia
Adenovirus type n (%) n (%)
Cc1 6(22.2) 4 (28.6)
Cc2 8 (29.6) 4 (28.6)
C5 3(11.1) 2 (14.3)
B3 6(22.2) 2 (14.3)
B7 4 (14.8) 2 (14.3)

March 2013 did not cluster with the other HAdV B7 strains detected
later in the same hospital within the same year (Figure 2). A second 2-
year-old Kuwaiti girl diagnosed with pneumonia developed encephali-
tis; HAdV C5 (strain 64021) and rhinovirus were both detected in the
nasopharyngeal aspirate, whereas only HAdV C5 was detected in the
blood and showed 100% hexon gene similarity with that detected in
the respiratory sample. Interestingly, strain 64021 detected in
March 2015 in Al-Sabah hospital clustered with high posterior
probability with strain 18368, which was detected in November 2016
in the same hospital in a 2-year-old male admitted to the pediatric ICU
for severe respiratory symptoms. The 64021 strain shared 98.48%
hexon gene sequence similarity with 18368 strain. No viruses other
than HAdV C5 DNA were detected in the pharyngeal aspirate. The boy

was discharged 4 days later.

4 | DISCUSSION

Influenza A viruses, respiratory syncytial virus, and rhinoviruses are the
most common viruses detected in patients suffering from pneumonia
or bronchiolitis in Kuwait.*®2% Low numbers of HAdV-positive samples
from patients suffering from severe respiratory illness and the absence
of outbreaks of unusually severe respiratory disease that may elicit the
development of a national sentinel system have hindered previous
investigations of HAdV infections. Genomic variants of HAdV were
shown to be associated with severe respiratory disease.?*?> In this

TABLE 3 Frequency of viruses co-detected with HAdV

Viral Acute
Total pneumonia bronchiolitis
Virus n (%) n (%) n (%)
HRV 6 3(21.4) 3(23.1)
(22.2)
RSV 187 0 1(7.7)
PIV 1(3.7) 0 1(7.7)
HRV + RSV 137 0 1(7.7)
HRV + HCoV 1(3.7) 1(7.1) 0
HKU1

HRV + hMPV 1(3.7) 0 1(7.7)
HRV + HPeV 1(3.7) 1(7.1) 0

WL E Y- ey |
Department

Acute bronchiolitis Ward ICU

n (%) n (%) n (%)

2 (15.4) 4 (28.6) 2 (15.4)

4 (30.8) 4 (28.6) 4 (30.8)
1(7.7) 0 3(23.1)

4 (30.8) 4 (28.6) 2 (15.4)

2 (15.4) 2 (14.3) 2 (15.4)

study, HAdV C1, C2, C5, B3, and B7 were identified as the
predominant types detected in patients with severe respiratory
infection. The detection of HAdV in a respiratory specimen should
be interpreted with caution because asymptomatic HAdV shedding is
known to occur. HAdV C persists in the adenoids and tonsils and is
shed for prolonged periods after symptoms resolve.?6=28 However,
75% of patients with HAdV infection had Ct values less than 30 cycles,
suggesting acute infection rather than persistent shedding. Further-
more, several studies have suggested an association between mixed
viral detection and disease severity.2?° Co-infection with other
respiratory viruses was observed in 44% of patients infected with
HAdV, and rhinovirus was the most commonly detected co-infecting
virus. The frequency of mixed respiratory viral detection varies
between 10 and 30% in hospitalized children. 3234 Previous results
from Kuwait have shown that pneumonia and bronchiolitis are the
most frequent reasons for hospitalization with mixed viral detection,
and the most common co-infecting viruses are HAdV and rhinovirus.3®

HAdV B7 was detected in one 5-month-old infant, two 2-year-old
children, and one 27-year-old adult. In the phylogenetic tree, the
HAdV B7 strains did not cluster together, suggesting sporadic
transmission of different strains in the population. One 2-year-old
girl developed presumably disseminated HAdV B7 disease and passed
away. Severe outcomes associated with HAdV B7 infection have
previously been documented.?*® However, the contribution of HAdV
B7 to the patient's death was not confirmed, and a role for rhinovirus,
co-detected in the nasopharyngeal aspirate, should not be excluded.
Indeed, fatal respiratory infections associated with rhinovirus out-
breaks have been described in previous reports.®”3¢

The detection of HAdV B3 in five children and one adult is
consistent with other studies showing outbreaks of severe respiratory
diseases associated with HAdV B viruses.” ¥ HAdVs C1, C2,and C5
were mostly detected in children. Although the number of HAdV-
infected patients who fulfilled the inclusion criteria for the current
study was very low, our findings agree with other studies showing that
HAdVs C1, C2, and C5 are most frequently detected in young
children.?~1137

HAdV C5 (strain 64021) was detected in the pharyngeal aspirate
and blood of a 2-year-old girl who subsequently developed
encephalitis and died. A retrospective review of adenovirus infections
at Texas Children's Hospital during 1990-1996 showed that dissemi-

nated adenovirus disease in children occurred in 11 (2.5%) out of 440
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adenovirus-infected patients, and the mortality rate was 83% and 60%
among immunocompromised and immunocompetent children, respec-
tively. In that study, HAdVs C5, B3, and B7 were associated with
disseminated disease and multi-organ involvement in immunocompe-
tent children, whereas HAdVs C1 and C2 were the cause of severe
outcomes in immunocompromised children.!* Again, a role for co-
detected rhinoviruses in patients’ deaths should not be excluded, as
discussed above. Moreover, another HAdV C5 strain (18368) with high
sequence similarity to the 64021 strain was detected in a 2-year-old
boy suffering from pneumonia, who was admitted to the pediatric ICU
of the same hospital 8 months later. No other viruses were found in the
pharyngeal aspirate within the detection limit of the assay, and
therefore, a role for co-infection in the development of severe
respiratory disease in that boy was excluded.

Interestingly, the hexon gene sequences of several HAdV C1, C2,
and C5 strains formed clusters with high posterior probability,
suggesting active transmission of these strains in the population.
Notably, clusters were formed with HAdV C1 or C2 strains sampled
from patients admitted to two different hospitals over a 1-year
period, indicating that the transmission of these virus strains in
Kuwait is endemic. Full HAdV genome sequencing is required to
confirm the similarity between strains.

The detection of HAdV B7 type and other related types associated
with severe outcomes in Kuwait highlights the importance of
establishing a national surveillance system to monitor the incidence
of severe respiratory infections and generate alerts following the
increased detection of HAdV B and changes in the relative prevalence
of HAdV species/types. Furthermore, healthcare providers should
undertake appropriate control measures to prevent secondary HAdV
infections, particularly in vulnerable populations such as children,

elderly persons, and immunocompromised persons.
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