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Abstract This study reports an outbreak of acute febrile
respiratory illness caused by human adenovirus B
[P14H11F14] in a military training center in China
between May and June 2014. In total, 164 military per-
sonnel were affected, and two patients were admitted into
the intensive care unit of the military regional central
hospital. A HAdV-B [P14H11F14] virus was confirmed as
the etiological pathogen of this acute outbreak of febrile
respiratory illness based on clinical manifestations, epi-
demiological characteristics, specific molecular detection
results, phylogenetic analysis, and serological assays. The
virus was isolated by the rhabdomyosarcoma cell culture
method, and the complete sequences of the EIA, penton
base, hexon, and fiber genes were determined and depos-
ited in the GenBank database. Phylogenetic and sequence
homology analyses indicated that the isolated strain is most
closely related to some HAdV-55 strains from mainland
China. However, this strain appeared to be less virulent
than former HAdV-55 strains. According to the chest X-ray
results of 31 affected patients, there was no radiological
evidence of pneumonia. The most frequent symptoms in
these patients were sore throat (95.12 %, 156/164) and
tonsillitis (93.29 %, 153/164). During the course of the
outbreak, incorrect response measures and some potential
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risk factors, such as fire training and marching training,
may have exacerbated the spread of the infection. This
outbreak illustrates the urgent need to improve the epi-
demiological and etiological surveillance of HAdV infec-
tions and to improve the ability of doctors and health
officials in basic units of the Chinese army to respond
effectively to febrile respiratory illness.

Introduction

Human adenoviruses (HAdVs) are responsible for a broad
spectrum of clinical diseases, including febrile respiratory
illnesses (FRI), gastroenteritis, pneumonia, and kidney
infections [1-4]. These ubiquitous viruses belong to the
genus Mastadenovirus in the family Adenoviridae. So far,
68 genotypes of HAdV have been recognized and classified
into seven species (A-G) based on their biological and
genetic characteristics (http://HAdVwg.gmu.edu/).

Among these genotypes, a re-emerged HAdV-B
[P14H11F14] virus has attracted increasing attention in
China. This HAdV-B [P14H11F14] virus is an intertypic
recombinant of HAdV-B1l and HAdV-B14. It has a
HAdV-14 genome chassis, including the HAdV-14 penton
gene and fiber gene, but a partial HAdV-11 hexon gene,
which encodes the antigenic epitopes of the virus [5]. This
virus not only could possess the virulence of HAdV-14 but
also could avoid the neutralizing antibody against HAdV-
14, which exists much more widely in the population than
that against this HAdV-B [P14H11F14] virus [6].

An HAdV-B [P14H11F14] virus was first identified as
an atypical HAdV-11 strain in Spain in 1969 [7]. It then
appeared in a Turkish military camp in 2004, where hun-
dreds of military trainees fell ill and one man died in this
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outbreak. In recent years, this acute FRI pathogen has re-
emerged several times, once in Singapore in 2005 [8], and
twice in China, in Shannxi Province in 2006 [6] and in
Beijing in 2011 [9]. In some outbreaks, it has caused severe
respiratory disease and death in immunocompetent adults,
including military recruits and high school students [5, 10].

In a serological study, this respiratory tract pathogen
was classified as “HAdV 14-11 intermediate” [11]. Based
on genome typing by restriction enzyme analysis, this virus
was designated as HAdV-Blla [12, 13]. When the com-
putational genomic analysis method was used in 2010 by
Walsh et al., the results showed that within the context of
the molecular evolution of HAdV, this pathogen is a novel
adenoviral type and should be designated HAdV-B55
[P14H11F14] [14]. According to a previous study, HAdV-
55 has become a major causative agent of acute severe
pneumonia in the Chinese population [15].

Here, we report an outbreak of acute FRI in a Chinese
military training center in 2014. Over 36 days, from 7 May
to 11 June, 164 individuals were affected. Molecular
characterization, phylogenetic analysis, and serological
assays revealed that HAdV-B [P14H11F14] virus was the
etiological agent of this outbreak, and the complete E/A
gene, penton base gene, hexon gene, fiber gene of this virus
all belonged to the HAdV-55 type. This is the first epi-
demiological and etiological report of a type-55-like
HAdV-B [P14H11F14] virus associated with an FRI out-
break in a Chinese military camp. The clinical character-
istics of this outbreak differ from those of previous HAdV-
55 outbreaks reported in Chinese civilians and foreign
armies. Unlike other HAdV-55 outbreaks, no case of
pneumonia developed in any patient.

Materials and methods
Responses to the outbreak

On 16 April 2014, military training commenced at a military
training center (MTC) in central Shandong Province, China.
About 1600 military personnel were staying at this training
center, which consisted of four training camps (about 350
soldiers per camp) and a support team (about 200 support
staff, including 23 female soldiers). Of these personnel,
about 20 % were new recruits (service period <1 year) and
the others were regular soldiers (service period >1 year).
According to the training plan, the training schedule inclu-
ded daytime mid-range marches (twice a week) and night fire
training (twice a week) between 21 April and 17 May.

In May 2014, clustered cases of acute FRI (febrile respi-
ratory illnesses) appeared in this MTC, which was defined as
an individual with a body temperature >37.5 °C and with at
least one sign or symptom of acute respiratory tract infection,
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such as a cough or sore throat. In the early stage of the out-
break, 1-2 cases of FRI were admitted to the MTC hospital
every day. This situation did not draw the attention of the
MTC managers, and the outbreak was mistaken for severe
seasonal influenza by the doctors of the MTC hospital.
However, after 22 May, the incidence of disease suddenly
increased to more than 10 cases per day, and all patients
showed similar symptoms. On 29 May, in an effort to prevent
an outbreak of the illness, about 798 soldiers were gathered
into several crowded classrooms to attend a health lecture.
The MTC managers also appealed to the regional Center for
Disease Control and Prevention (CDC) for help. On 30 May,
an epidemic survey was conducted by the regional CDC. At
the same time, disease control and prevention measures were
adopted to control the outbreak, including the cessation of
training, isolation of affected individuals, environmental
disinfection, and morning temperature screening. No new
cases were reported after 11 June.

Specimen collection

To investigate the etiological agent of this outbreak, throat
swab specimens (n = 49, from the date of onset on 27 May
to 11 June) were collected. Sixty serum samples from FRI
patients affected after 7 May were collected on 30 May. On
15 June, 43 paired serum samples from patients in the
convalescent phase were also collected. At the same time,
another 51 healthy soldiers were randomly selected from
all of the training camps as the control group. Their paired
sera were collected on 31 May (as the outbreak-phase
samples) and 20 June (as the after-outbreak-phase sam-
ples). The sera and swab specimens were transferred to the
regional CDC laboratory at 4 °C within 24 h and stored at
—20 °C and —80 °C, respectively, until further analysis.

Extraction and analysis of viral nucleic acids
from throat swabs

Viral nucleic acids were extracted directly from the throat
swab specimens using a MiniBEST Viral RNA/DNA
Extraction Kit (TaKaRa, Dalian, China). A one-step
reverse transcription (RT)-PCR was then performed using
an RV13 PCR Detection Kit (Neuro Hemin, Hangzhou,
China). This PCR kit can detect 11 types of RNA virus
(including influenza type A viruses, influenza type B
viruses, human respiratory syncytial viruses A and B,
human metapneumovirus, human parainfluenza viruses 1,
2, and 3, human rhinovirus, human coronaviruses 229E and
0OC43, and human enteroviruses) and two types of DNA
virus (human bocavirus 1, 2, 3, 4 and human adenovirus).

The primary identification of HAdV in the positive
specimen was performed by PCR using the adenovirus-
specific primers described by Allard et al. [16]. The
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amplified target of this specific PCR was the partial hexon
gene sequence (467 bp) in the HAdV genome. The
amplicon was sequenced and analyzed using the BLAST
program (National Center for Biotechnology Information).

Cell culture and viral isolation

Rhabdomyosarcoma (RD) cells (ATCC CCL-136) were
cultured in Dulbecco’s modified Eagle’s medium (DMEM,
containing 10 % fetal bovine serum, 100 U/ml penicillin G,
100 pg/ml streptomycin; Gibco, Carlsbad, California,
USA) at 37 °C in an closed system with 5 % CO,
incubation.

To isolate the virus, RD cells were inoculated with the
patients’ throat swab specimens (300 pl of each specimen)
and cultured in DMEM containing 2 % fetal bovine serum,
100 U/ml penicillin G, 100 pg/ml streptomycin (Gibco,
Carlsbad, California, USA) at 37 °C in an closed system
with 5 % CO, incubation. The cultures were observed
daily for a cytopathic effect (CPE). In 2-7 days, the cul-
tures displaying an adenovirus-like CPE were passaged
again to confirm the presence of the virus. The positive
isolates were identified by adenovirus-specific PCR as
described by Allard et al. [16].

Extraction of viral DNA and gene amplification

Viral DNA was extracted from the HAdV-positive cell
cultures using a TaKaRa MiniBEST Viral RNA/DNA
Extraction Kit. The complete E1A, penton base, hexon, and
fiber genes were amplified and sequenced using specific
primer sets designed at the Jinan Junqu CDC (listed in
Table 1). The PCR was performed using a Ready-To-Use
PCR Kit (Pfu B532073; Sangon, Shanghai, China). The
50-pul PCR reaction mixture contained 25 pl of 2 x HiFi
PCR Master, 21 pul of sterile ddH,0, 2 pl of DNA tem-
plate, and 0.2 uM each primer. The PCR cycling parame-
ters were initial denaturation at 94 °C for 4 min, followed
by 35 cycles of denaturation at 94 °C for 30 s, annealing at
51 °C for 50 s, and extension at 72 °C for 80 s, with a final
extension step at 72 °C for 10 min. The amplification
products were analyzed by 1.5 % agarose gel
electrophoresis.

Sequence determination and phylogenetic analysis

The amplified products were sequenced in both directions
by the dye terminator method (BigDye Terminator v3.1
Cycle Sequencing Kit; Applied Biosystems) using an ABI
Prism 3100 Genetic Analyzer (Applied Biosystems). The
nucleotide and predicted amino acid sequences were ana-
lyzed using the BioEdit program (http://www.mbio.ncsu.
edu/BioEdit/bioedit.html). Nucleotide sequence homologies

Table 1 Primers used to amplify and sequence the entire E/A,
penton base, hexon, and fiber genes of HAdV-B [P14H11F14] strain
SD77001

Primer Sequence (5° - 3°) Size (bp)
E1A_1f TGCTATGAAGACGGGTTTCC 748
E1A_Ir CGTCCGAAGCGTTCTCTAAC

E1A_2f ATGGCAGGGTGGAGTATTTG 700
E1A_2r AACACTGGCAGCCTTCACTC

Penton_1f TCGCTTGGGTGGTATGTTGTA 751
Penton_1r CACCAATGTCACTTTCAAGCA

Penton_2f GTGATGGTGTCCAGAAAACCT 807
Penton_2r ATCTGAGGTGGTGAGCAATGT

Penton_3f GCTAACGCTGGAGAGGTCAG 790
Penton_3r CACGGGATGTTGGGTAGAAC

Hexon_1f TCACAGCAGCAGAGGAAAAA 701
Hexon_l1r TTTCGGTCTTTCCATCAAGG

Hexon_2f TCAGTGGATTGCAGAAGGTG 996
Hexon_2r CTTCGCCATAGATTGGCTTG

Hexon_3f ATGCAGTGGTTGACTTGCAG 907
Hexon_3r TTGGCAGGAATGGGATAGAG

Hexon_4f CAAAAACCTGCTGCTTCTCC 908
Hexon_4r GCCACATGGTTCTGTCACAC

Hexon_5f CAGATGCTCGCCAACTACAA 845
Hexon_5r TCATCCGAGAATCCAAAAGG

Fiber_1f TTAACCCCGCTAACAACCAC 899
Fiber_Ir GAAGGGGGAGGCAAAATAAC

Fiber_2f GGCCAAAGAGCTCAGAGATG 804
Fiber_2r ATCCGGCTCCTAGGGATAAA

Primers were designed according to human adenovirus 55 strain QS-
DLL (GenBank accession: FJ643676)

were inferred from the identity scores determined using the
BLASTn program (National Center for Biotechnology
Information, Bethesda, MD, USA). Sequence alignments
were constructed with ClustalX version 2.1 [17], and
phylogenetic analyses were performed with the MEGA 5
program [18]. The reference sequences were retrieved from
GenBank (www.ncbi.nlm.nih.gov/GenBank). The reliabil-
ity of the phylogenetic trees was examined with 1000
bootstrap pseudoreplicates.

HAdV-specific antibody detection using enzyme-
linked immunosorbent assays (ELISAs)

All serum specimens from patients (including 43 speci-
mens collected in the acute phase and 60 specimens col-
lected in the convalescent phase) in this outbreak and from
healthy controls (including the paired specimens collected
during the outbreak phase and after the outbreak phase
from 51 healthy soldiers) were examined using an ELISA
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classic HAdV IgA kit and HAAV IgG kit (Institute Virion/
Serion GmbH, Wiirzburg, Germany). These two Kkits
allowed the detection of HAdV immunoglobulin A (IgA)
and immunoglobulin G (IgG) directed against all HAdV
serotypes that are pathogenic to humans. According to the
instruction of the manufacturer, the sensitivity of the
SERION ELISA classic Adenovirus IgA/IgG is 96.9 %,
and the specificity is 97.8 % (Instruction of the SERION
ELISA classic Adenovirus IgA/IgG KIT V128.14).

Results
Outbreak description

On 7 May 2014, a 19-year-old new recruit from camp 3
developed an acute FRI, with a body temperature of
38.9 °C. Until 11 June, 1-17 cases of FRI per day were
reported over an almost 5-week period, and 164 soldiers
were admitted to the MTC hospital (10.25 %, 164/1600
soldiers). The outbreak peaked three times in 36 days.
The intervals between the peaks were about 6-8 days. All
of the patients were male. No symptomatic cases were
detected among female soldiers. The mean age of the
patients was 20.24 £ 2.16 years (median, 20 years; range,
17-32 years). The distribution of daily cases is shown in
Figure 1. Patients were reported in all four training
camps. The patient distribution among the training units
was as follows: camp 1, 67 (19.14 %, 67/350); camp 2,
24 (6.86 %, 24/350); camp 3, 49 (14.00 %, 49/350); camp
4, 16 (4.57 %, 16/350); support team, 8 (4.00 %, 8/200).
The incidence rate among the new recruits was 7.81 %
(25/320), and the incidence rate among the regular sol-
diers (service >1 year) was 10.86 % (139/1280).
According to the statistical analysis, these rates did not
differ significantly (P > 0.05, x* = 2.583; SPSS 19). This
result indicates that the pathogen responsible for this
outbreak may have been an unusual or newly emergent
pathogen in this area.

Fig. 1 Case distribution in an
outbreak of FRI caused by a
type-55-like HAdV-B
[P14H11F14] virus in a military
training center in Shandong
Province, China, from 7 May to
15 June. The triangular markers
represent six virus isolates,
indicating their onset time
distribution and unit distribution
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Clinical characteristics of the patients

The clinical characteristics of the patients are summarized
in Table 2. Among the 164 hospitalized patients, all pre-
sented with fever, and most had a sore throat or tonsillitis.
Other symptoms reported by the patients were headache,
fatigue, cough, sputum, nasal discharge, and diarrhea. Two
patients were admitted to the intensive care unit (ICU) of
the military regional central hospital because of the pro-
longed fever (fever more than 5 days, peak temperature
over than 39 °C. Patient 1 was diagnosed with acute sup-
purative tonsillitis, with a peak temperature of 40.0 °C,
elevated neutrophilic granulocytes (NE %, 73.4 %, refer-
ence value range, 50-70 %), and decreased lympholeuko-
cytes (LYM %, 17.9 %,) reference value range, 20-40 %).
Patient 2 was diagnosed with upper respiratory tract
infection, with a peak temperature of 39.5 °C, decreased
leukocyte counts (WBC, 1.7 x 109/L, reference value
range 4.0-10.0 x 10°/L)). Other patients were observed
and treated at the MTC hospital. On average, the FRI lasted
for 4-7 days and all of the patients recovered well. X-ray
examinations were conducted of 31 patients (including the
two patients admitted to the ICU and 29 patients in the
MTC hospital), but no radiological evidence of pneumonia
was confirmed. Therefore, no case of pneumonia developed
in this FRI outbreak.

Detection and identification of the pathogenic agent

A series of serological tests and routine blood cultures were
performed to detect Streptococcus, Coxiella, Rickettsia,
Mycoplasma, Chlamydia, Legionella, Brucella, and
typhoid fever, but all were negative. A diagnostic one-step
RT-PCR was performed on all throat swab samples using
an RV13 PCR Detection Kit (Neuro Hemin, Hangzhou,
China). Of the 49 patient swab specimens, 45 specimens
were positive for HAdV DNA, and all 49 specimens were
negative for 11lother viruses. Then, all 49 specimens were
re-tested by HAdV-specific PCR with primers specific for a

A Virus Isolate
& Support team
Camp 4

O Camp 3
ECamp 2
Camp 1

10-Jun [@
11-Jun [
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Table 2 Symptoms and characteristics of 164 patients in the military
outbreak of FRI, 2014

Symptom No. (%) of patients
n =164
Fever 164 (100)
Median peak temperature, °C (range) 38.5 (37.5 — 40.0)
Median duration, days (range) 312-9)

Sore throat 156 (95.12%)

Tonsillitis 153 (93.29%)
Headache 63 (38.41%)
Fatigue 60 (36.59%)
Cough 34 (20.73%)
Sputum 15 (9.15%)
Nasal discharge 7 (4.27%)
Diarrhea 3 (1.83%)

467-bp fragment of the partial hexon gene of HAdV. DNA
from these 45 HAdV-positive specimens was successfully
amplified. The amplicons were sequenced and analyzed
using the BLAST program. According to the BLAST
analysis results, all 45 amplicon sequences had a high level
of sequence similarity, (99 %) to the 2006 China HAdV-
B55 strain QS-DLL (Shanxi, China, 2006; GenBank
accession number FJ643676). The RV13 detection results
and the sequence analysis results indicated that in these 49
throat swab specimens, 91.84 % (45 of 49) were positive
for HAdV. A 467-bp HAdV-B55-like hexon gene fragment
could be detected in every HAdV-positive specimen.

Virus isolation and amplification of the major
structural protein genes

To isolate the virus, RD cells were inoculated with patient
throat swab specimens (n = 20). The characteristic aden-
ovirus-like CPE was observed in six cultures from six
throat swab specimens, and all these cultures were con-
firmed to be HAdV positive by HAdV-specific PCR.
According to the BLAST analysis, the amplicon sequences
(partial hexon gene fragment, 467 bp) of the six HAdAV
isolates were 100 % identical to each other and to their
sequencing results before virus isolation. One of the six
HAGJV isolates (strain SD77001) was selected for further
genetic study. The complete penton base, hexon, fiber, and
E1A genes were amplified and sequenced using the specific
primer sets listed in Table 1. The sequence data were
deposited in GenBank. (GenBank accession numbers:
SD77001 strain complete hexon gene sequence:
KR912178; penton base gene sequence: KT253552; fiber
gene sequence: KT253553; EIA gene sequence:
KT253554).

Molecular and phylogenetic analysis of the HAdV
strain

To investigate the genetic relationships between isolate
SD77001 and other HAdV strains, phylogenetic trees were
constructed by the maximum-likelihood method with 1000
bootstrap pseudoreplicates using the MEGA 5 program
[18]. The phylogenetic analyses were based on the com-
plete hexon, penton base, fiber, and EIA gene sequences of
strain SD77001 and their counterparts in 23 other HAdV
strains representing HAdV species A—G. In these analyses,
HAAdV isolate SD77001 clustered with the HAdV-55
strains (Fig. 2). In the phylogenetic analysis based on the
complete HAdV hexon gene sequence (Fig. 2a), the hexon
gene sequence of SD77001 clustered with those of the
HAdV-55 strains and HAdV-11 strains. The strains most
similar to SD77001 were HAdV-55 strain QS_DLL_China
and ak36_Argentina (BLAST score, 5241; identity, 99 %),
followed by Singapore HAdV-11a strain SGN1222 and
Taiwanese HAdV-11a strain 760 (BLAST score, 5236;
identity, 99 %). On the phylogenetic tree based on the
entire penton base gene sequence (Fig. 2b), isolate
SD77001 clustered with all the HAdV-55 strains and two
HAdV-14 strains: de-Wit and GZO01. The penton base
sequence of almost every HAdAV-55 strain was 100 %
identical to that of SD77001, including that of Singapore
strain SGN1222, Chinese strains QS-DLL and CQ-814,
Egyptian strain AK37, and Argentinian strain ak36
(BLAST score, 3092; identity, 100 %). On the fiber
sequence phylogenetic tree (Fig. 2c), SD77001 clustered
with the HAdV-55 strains and HAdV-14 strains. According
to the BLASTn analysis, the fiber gene sequence of
SD77001 was 100 % identical to those of HAdV-B55
strain 760_Taiwan, strain QS-DLL_China, and strain
South-Dakota_USA (BLAST score, 1807; identity,
100 %), and 99 % identical to HAdV-B55 strains
273_Spain, ak36_Argentina, SGN1222_Singapore, and
ak37_Egypt (BLAST score, 1801; identity, 99 %). In the
phylogenetic tree based on EIA (Fig. 2d), the EIA
sequence of isolate SD77001 clustered with those of the
HAdV-55 and HAdV-14 strains. Most of the HAdV-55
strains were 100 % identical to SD77001 in the EIA gene
sequence. To determine the genetic relationships between
SD77001 and the other HAdV-B2 strains, a phylogenetic
tree was constructed based on the complete hexon gene
sequences of isolate SD77001 and reference strains of
HAdV subspecies B2 (Fig. 2e). On this tree, isolate
SD77001 clustered with the HAdV-55 strains and HAdV-
11 strains. Four main clades were formed in the HAdV-55
(11a) cluster. The first clade was composed of Argentinian
strain ak36, some Chinese HAdV-55 strains, and SD77001.
The second clade contained Taiwanese strains. The third
clade included the HAdV-1la strains from Egypt,

@ Springer



2486

Y. Dongliu et al.

HAdV55_QS-DLL_FJ643676_China_2006
HAdV55_ak36_JX423384_Argentina_2005
67| HAdV11a_Strain 760_FJ841921_Taiwan_2002
HAdV11a_SGN1222_FJ597732_Singapore_2005

62| HAdV11a_EGY ak37_JX423385_Egypt 2001

94| A SD77001_KT253554_China_2014

50/t HAAV14_GZ01_JQ824845_China_2010

HAdV14_de Wit_AY803294_Netherlands_1955

971 HAdV34_compton_AY737797_USA_1972
HAdV35_Holden_AY128640_USA_1973
66! HAdV11_Slobitski_AF532578_USA_1956
HAdV21_AV 1645_AY601633_Saudi Arabia_1956
551 HAdV7_Gomen_AY594255_USA_1954
751 HAJV3_strain GB_AY599834_USA_1953
HAdV4_RI-67_AY594253_USA_1953
HAdV5_NHRC-Ad5FS-7151_AY601635_USA
HAdV31_AM749299
HAdV17_Strain D17_HQ910407_Saudi Arabia_1955
HAdV41_Tak_DQ315364_Netherlands_1973
98 HAdV52_T03-2244_DQ923122_USA

(a)

—
0.1

(c) 54 HAdV11a_isolate South Dakota/6380_FJ841899_USA_1997
68 HAdV11a_SGN1222_FJ597732_Singapore_2005
HAdV11a_EGY ak37_JX423385_Egypt_2001
HAdV55_ak36_JX423384_Argentina_2005
99 HAdV55_QS-DLL_FJ643676_China_2006
A SD77001_KR912178_China_2014
68|| HAdV11a_Strain 760_FJ841905_Taiwan_ 2002
HAdV11a_Strain 273 1969_FJ841900_Spain_1969
0] HAdV11a_UFL_KF268121_USA_2005
HAdV11_Slobitski AF532578_USA_1956
HAdV35_Holden_AY128640_USA_1973
HAdV34_Compton_AY737797_USA_1972
1001 HAAV14_de Wit_AY803294_Netherlands_1955
100! HAdV14_GZ01_JQ824845_China_2010
HAdV21_AV 1645_AY601633_Saudi Arabia_1956
HAdV7_Gomen_AY594255_USA_1954
o HAdV3_strain GB_AY599834_USA_1953
HAdV4_RI-67_AY594253_USA_1953
HAJVA48_EF153473
HAdV17_Strain D17_HQ910407_Saudi Arabia_1955
HAdV2_strain 105_AJ293903
HAdV5_NHRC Ad5FS 7151_AY601635_USA
HAdV31_AM749299
HAdV41_Tak_DQ315364_Netherlands_1973
HAdV52_T03 2244_DQ923122_USA

62

0.1

(b) A SD77001_KT253552_China_2014
o4 HAdV55_QS-DLL_FJ643676_China_2006
HAdV11a_EGY-ak37_JX423385_Egypt 2001
54| HAAV55_ak36_JX423384_Argentina_2005
HAdV11a_SGN1222_FJ597732_Singapore_2005
97| HAdV14_de Wit_AY803294_Netherlands_1955
HAdV14_GZ01_JQ824845_China_2010
55| |HAdV35_Holden_AY128640_USA_1973
o/ HAdV11a_UFL_KF268121_USA 2005
o HAdV11_Slobitski_ AF532578_USA_1956
HAdV21_AV-1645 AY601633_Saudi Arabia_1956
HAdV7_Gomen AY594255 USA_1954
98! HAV3_strain GB_AY599834_USA_1953
HAdV4_RI-67_AY594253_USA_1953
1@[ HAdV48_EF153473
HAdV17_Strain D17_HQ910407_Saudi Arabia_1955
100; HAdV?2_strain 105_AJ293909
HAdV5_NHRC Ad5FS 7151_AY601635_USA
- HAdV31_AM749299
78 HAdV41_Tak_DQ315364_Netherlands_1973
90— HAdV52_T03 2244_DQ923122_USA
HAdV34_compton_AY737797_USA_1972

7

N

d) A SD77001_KT253553_China_2014
HAdV55_QS-DLL_FJ643676_China_2006
HAdV11a_Strain 760_FJ841913_Taiwan_2002
HAdV11a_273 1969_FJ841908_Spain_1969

94 HAdV55_ak36_JX423384_Argentina_2005

63 HAdV11a_SGN1222_FJ597732_Singapore_2005

97| HAdV11a_EGY ak37_JX423385_Egypt_2001
HAdV14_GZ01_JQ824845_China_2010

100| [HAdV14_de Wit_AY803294_Netherlands_1955
HAdV7_Gomen_AY594255_USA_1954

93 HAdV11a UFL_KF268121_USA_2005

96" HAdV11_Slobitski_AF532578_USA_1956

100 HAdV21_AV 1645 AY601633_Saudi Arabia_1956

qHAdV34_compton_AY737797_USA_1972

HAJV35_Holden_AY128640_USA_1973

HAdJV3_strain GB_AY599834_USA_1953

HAdV31_AM749299

HAdV48_EF153473

HAdV17_Strain D17_HQ910407_Saudi Arabia_1955

HAdV4_RI-67_AY594253 USA_1953

HAJV2_strain 105_AJ278921

HAdV5_NHRC Ad5FS 7151_AY601635_USA

HAdV41_Tak_DQ315364_Netherlands_1973

HAdV52_T03 2244 _DQ923122_USA

73

93

—
0.1

(e) HAdV55_CQ-814_JX123027_China_2010

o
2

10

S

HAdV55_ak36_JX423384_Argentina_2005
HAdV55_QS-DLL_FJ643676_China_2006

A SD77001_KR912178_China_2014
HAdV11a_Strain-2474_FJ841906_Taiwan_2001
HAdV11a_Strain 760_FJ841905_Taiwan_2002
HAdV11a_EGY ak37_JX423385_Egypt_2001
HAdV11a_SNG-1218_FJ607010_Singapore_2005
HAdV11a_isolate South Dakota/6380_FJ841899_USA_1997
HAdV11a_SNG-1223_FJ607012_Singapore_2005

99 HAdV11a_SGN1222_FJ597732_Singapore_2005

+ HAdV11a_Strain 273 1969_FJ841900_Spain_1969

100 HAdV55_AH-CHN/CZ-TC8_KC551973_China_2012

HAdV11a_UFL_KF268121_USA_2005
66 HAdV11_Slobitski_AF532578_USA_1956
HAdV35_Holden AY128640_USA_1973

4|:;4Adv347ComptoanY7377977USA71 972

HAdV14_de Wit_AY803294_Netherlands_1955

100L HAdV14_GZ01_JQ824845_China_2010

@ Springer



Adenovirus B P14H11F14 outbreak in a military camp in China

2487

«Fig. 2 Phylogenetic analysis based on the complete hexon, penton
base, fiber, and EIA gene sequences of strain SD77001 and their
counterparts in 23 other HAdV strains representing HAdV species A—
G. Phylogenetic analysis was conducted by using the neighbor-
joining method and 1000 bootstrap pseudoreplicates using the MEGA
5 program. HAdV-B [P14H11F14] isolate SD77001 (this outbreak) is
indicated by a black triangle. Reference strains are labeled with their
GenBank accession numbers, countries of collection, and dates of
collection. (a) Phylogenetic tree based on the complete E/A gene.
(b) Phylogenetic tree based on the complete penton base gene.
(c) Phylogenetic tree based on the complete hexon gene. (d) Phylo-
genetic tree based on the complete fiber gene. (e) Phylogenetic tree
based on the complete hexon gene of HAdV-B [P14H11F14] strain
SD77001 and reference strains of HAdV subspecies B2

Singapore, and the USA. The fourth clade contained the
strain isolated in Spain in 1969. To summarize this phy-
logenetic analysis, SD77001 shared greatest identity with
the HAdV-55 strains. This isolate has the HAdV-55 hexon
gene, HAAV-55 penton base gene, HAdV-55 fiber gene,
and HAdV-55 EIA gene. However, in the presenand t
study, we did not determine the complete genome see-
quence of SD77001, thus the designation HAdV-B55
can not be used directly. As a reference, HAdV-55 was
designated as HAdV-55 [P14H11F14]. Therefore, in
accordance with the taxonomic nomenclature of HAdV
(http://HAdVwg.gmu.edu/), isolate SD77001 should be
designated “adenovirus B human/CHN/SD77001/2014
[P14H11F14]”.

HAdV-specific serological assay

To confirm the etiological agent of this outbreak, HAdV-
specific serological assays were performed. All serum
specimens from patients and healthy controls were exam-
ined using a classic ELISA HAdV IgA kit and IgG kit
(Institute Virion/Serion GmbH). The detection results are
summarized in Table 3. The statistical analysis revealed
that in the acute phase (within 4 days of onset), the pro-
portion of IgA-positive samples was significantly higher in

the patient group than in the control group, but the pro-
portion of IgG-positive samples did not differ significantly
between the patient and control groups (Table 3). In the
convalescent phase (>12 days after onset), the proportion
of IgA-positive samples was significantly higher in the
patient group than in the control group, and the proportion
of IgG-positive samples was also significantly higher in the
patient group than in the control group. These results
confirm that HAdV was associated with this outbreak. On
the other, in hand, the healthy group, there were significant
differences in the proportions of IgA-positive samples
(11.8 % vs 52.9 %, P—za < 0.01, %> = 19.76) and in the
proportions of IgG-positive samples (13.7 % vs 58.8 %,
P < 0.01, x2 = 22.44) between the outbreak phase and
the after-outbreak phase (same period of acute phase and
convalescent phase). This implies the presence of unde-
tected infections in this military camp, which may have
played an important role in the transmission of HAdV.

In conclusion, the regional CDC officials concluded that
a type-55-like human adenovirus B human/CHN/SD77001/
2014/[P14H11F14] virus was the etiological pathogen
responsible for this acute FRI outbreak based on the clin-
ical manifestations in the patients, the epidemiological
characteristics of the outbreak, the HAdV-DNA-specific
PCR results, isolation of the virus, sequencing and align-
ment of the PCR amplicons, homology and phylogenetic
analyses based on the complete EIA, penton base, hexon,
and fiber gene sequences, and serological assays specific
for HAAV IgA/IgG.

Discussion

This report describes an acute FRI outbreak caused by a
type-55-like HAdV-B [P14H11F14] virus. This virus
shared the most sequence similarity with the HAdV-55 in
the complete EIA gene, penton base gene, hexon gene, and
fiber gene. HAdV-55 infections are often associated with
severe respiratory tract diseases and pneumonia, including

Table 3 HAdV-specific

serological assay and statistical Phase Patients Healthy controls Chi-square test”
analysis Acute phase IgA 27.9 % 11.8 % P <0.05
(12 of 43) (6 of 51) x> =3.93
IeG 18.6 % 137 % P =0.52
(8 of 43) (7 of 51) x> = 0.41
CONV* phase IgA 85.0 % 529 % P < 0.01
(51 of 60) (27 of 51) x? = 13.56
1gG 933 % 58.8 % P < 0.01
(56 of 60) (30 of 51) x* = 18.81

# CONV, convalescent phase

" Chi-square tests were conducted using SPSS 19
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the outbreaks in Turkey in 2004 and in China in 2006 and
2011. However, in the outbreak presented here, although
the disease spread very fast, no pneumonia or other severe
disease developed in any of the 164 infected patients. This
suggests that the HAdV strain associated with this outbreak
was less virulent than previously reported HAdV-B
[P14H11F14] strains. Genomic variance or recombination
may be responsible for this difference.

Recombination is an important feature of the genetic
evolution of HAdV. According to our analysis, the EJA,
penton base, and hexon genes of isolate SD77001 are most
closely related to those of Chinese mainland strain QS-
DLL_2006 and Argentinean strain ak36_2005. However,
its fiber gene is 100 % identical to those of USA strain
South Dakota/6380_1997, Taiwanese strain 760_2002, and
Chinese strain QS-DLL_2006 but differs slightly from that
of the Argentinean strain. These characteristics may be the
features of regional variants of the same genotype but these
variations may have affected the infectivity or virulence of
the new recombinant. Further research, including complete
genome sequencing and analysis, is required to identify any
other relevant genetic variations that are responsible for the
milder clinical manifestations of this HAdV-B
[P14H11F14] strain.

Many seroprevalence studies among military recruits
have shown that lack of pre-existing immunity to some
particular serotypes of pathogen is a critical factor deter-
mining susceptibility to infection. From an epidemiological
perspective, outbreaks of respiratory illness in a military
camp usually show higher infection rate among new
recruits than among regular soldiers. However, in the
present outbreak, there was no significant difference in the
incidence rates of the new recruits and regular soldiers.
This phenomenon suggests that the main pathogen of this
outbreak is an unfamiliar pathogen to these troops, or even
in this whole area. Therefore, both the recruits and regular
soldiers lacked pre-existing immunity to this pathogen.

Some earlier statistical analyses have shown that
marching training and firing training are significantly
associated with the onset of pneumonia and FRI, especially
in HAdV outbreaks [19]. During a respiratory illness out-
break in an MTC in the USA, HAdV was detected on rifle
surfaces [20]. During the early period of the present out-
break, the main components of the training schedule were
mid-range marches and night firing training, which may
have contributed to the increased patient numbers or
exacerbated their symptoms. Based on this experience,
appropriate measures must be identified and implemented
to prevent outbreaks of respiratory illnesses in military
training units, such as postponing firing training until
after the peak stage of the epidemic and disinfecting the
training rifles when they are transferred from one trainee to
another.

@ Springer

This FRI outbreak also illustrates the pressing need to
improve the FRI epidemic response of the doctors and
health officials in basic army units. In the acute FRI out-
break reported here, about 25 new cases appeared with the
same symptoms in the 15 days after 7 May. However, this
situation did not alert the MTC managers or health pro-
fessionals. No correct diagnostic procedures were imple-
mented, no epidemiological investigation was commenced,
and the supervisory CDC received no information about
the new cases. When a large wave of new cases (n = 79)
appeared between 22 May and 30 May, in an effort to
control the outbreak, the MTC healthy managers gathered
about 798 soldiers into several crowded classrooms for
health education, which may have contributed greatly to
the transmission of the disease, and 7 days later, the
highest incidence peak of the entire outbreak was observed
(Fig. 1). Had the health officials dealt with the outbreak
correctly from the very beginning, the spread of this FRI
may have been restricted to a much smaller scale.

Because outbreaks of HAdV-55 infections have been
frequent in recent years, HAdV-55-associated FRI pose a
serious threat to the Chinese army. Therefore, improved
epidemiological and virological surveillance of HAdV and
many other dangerous pathogens by the Chinese military
health system is urgently required. Some simple and
accurate diagnostic methods that distinguish HAdV-55
infections from other similar diseases must be established.
Moreover, in view of the U.S. army’s experience with an
HAdV vaccination program, the development and appli-
cation of HAdV vaccines may be an excellent way to
protect the health of Chinese soldiers.

The present study has several limitations. First, although
91.84 % (45 of 49) of throat swab specimens were positive
when using an RV13 kit and HAdV-specific PCR and the
amplicons from the 45 PCR-positive samples were found to
have high sequence similarities to the HAdV-B55 strains,
the remaining 115 FRI cases were still not detected by the
specific PCR and sequencing analysis. Therefore, it was
still difficult to ensure this HAdV-B55-like virus was the
only pathogenic agent responsible for this outbreak. It is
possible that some other pathogens were involved in this
outbreak. In some previously published descriptions of
outbreaks of HAdV infection among military trainees, the
co-circulation of two or more types of HAdV had already
been reported. Second, the members of the healthy control
group were randomly selected from the asymptomatic
soldiers in the same MTC on 30 May. At the same time, the
disease prevention and control measures had been imple-
mented. None of the healthy controls showed any respira-
tory tract disease symptoms during the outbreak period.
However, these healthy controls had not been screened by
laboratory detection methods such as viral nucleic acid
detection. Considering the results of the IgA and IgG
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detection in the healthy control group, there may have been
asymptomatic infection cases hiding in the healthy control
group. Many “healthy control group” members had
already been infected by this HAdV virus. In a future
outbreak study, the healthy controls should be selected
from a camp where the virus was not present and be
screened using laboratory detection methods to differenti-
ate the asymptomatic infection cases.
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