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Abstract
Background Human adenovirus (HAdV) infection outbreak causes community-acquired pneumonia. Cellular 
immune dysfunction and hypercytokinemia play important roles in the pathogenesis of adenovirus respiratory 
infection. Some soluble factors in peripheral blood can assist in judging the virus-induced disease severity. The 
expression levels of inflammatory cytokines differ among patients with different disease severity. However, whether 
and how HAdV-7 infection influences the composition of blood immune cells and serum cytokine levels in patients at 
different disease stages, as well as the diagnosis values of these parameters, have rarely been intensively studied. We 
aimed to investigate lymphocytes profiles and cytokines levels in blood of patients at different disease stages upon 
human adenovirus type 7 (HAdV-7) infections, and explored the diagnosis values of the investigated parameters.

Methods Patients from two outbreaks of HAdV-7 in military of China were categorized into upper respiratory 
infection (URI) group, common pneumonia (CP) group and severe pneumonia (SP) group according to disease 
severity. Peripheral blood samples were subjected to routine laboratory tests, while flow cytometry and ELISA were 
used to measure the lymphocyte subsets and cytokines in blood, respectively. The receiver operating characteristic 
(ROC) curves were performed to examine the diagnostic of these blood parameters.

Results Signs of imbalanced lymphocytes composition and hypercytokinemia were observed in HAdV-7-infected 
patients. The percentages of CD3+ T cells and NK cells were significantly decreased along with the aggravation of the 
disease, particularly for NK cells and CD4+ T cells. The neutrophil to lymphocyte ratio (NLR) increased significantly in 
patients with more severe disease. In addition, the levels of serum CXCL10, IL-2 and TNF-α were positively correlated 
with disease severity, while reduced levels of IFN-γ and IL-10 were found in SP patients. Furthermore, analysis of ROC 
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Background
As double-stranded, nonenveloped DNA viruses belong-
ing to the genus Mastadeno virus of the Adenoviridae 
family [1, 2], human Adenoviruses (HAdVs) are associ-
ated with a broad spectrum of clinical diseases, includ-
ing acute respiratory and gastrointestinal infections in 
humans [3–5]. The main symptoms of adenovirus respi-
ratory infection are cough, fever, and sore throat. HAdV 
infections occurred mainly in children and immunocom-
promised patients, owing to a lack of humoral immunity 
or impaired immunity [6, 7]. In addition, it occurs in 
densely populated crowds, especially new enlisted sol-
diers, which are prone to adenovirus infection [8].

Until recently, more than 100 different types of HAdV 
have been described and are designated with consecutive 
numbers following virus neutralization assay or genomic/
bioinformatics analyses [4, 5]. Several genotypes of HAdV 
show tropism for the respiratory tract and are commonly 
associated with adenoviral respiratory infections [9, 10]. 
Among these genotypes, HAdV-3 and HAdV-7 are the 
most common causative agents worldwide [11, 12]. Par-
ticularly, HAdV-7 is the most pathogenic and can cause 
more severe respiratory illness and higher fatality rates 
than other HAdV types [13]. Outbreaks of HAdV-7 have 
been reported at military training bases, school clusters, 
and communities around the world [14–16]. For exam-
ples, HAdV-7 respiratory infections epidemic with 129 
cases was reported in Wuhan Children’s Hospital, Hubei 
Province, China during the period between December 
2018 and August 2019 [17] .

The host immune system developed multiple ways for 
recognition of adenovirus infection from the moment it 
enters the bloodstream [18]. In addition to altered gen-
eration and differentiation of immune cells upon HAdV 
infection, the release of cytokines/chemokines during an 
acute infection also occurs [19, 20]. Of note, some soluble 
factors in peripheral blood have been found to be able 
to predict the virus-induced disease progression accu-
rately [21, 22]. It was reported that the expression levels 
of inflammatory cytokines differed among patients with 
different disease severity [1, 23]. However, whether and 
how HAdV-7 infection influences the composition of 
blood immune cells and serum cytokine levels in patients 

at different disease stages, as well as the diagnosis values 
of these parameters, have rarely been intensively studied.

In this study, we investigated the percentages of periph-
eral blood lymphocyte subset, neutrophil-to-lympho-
cyte ratio, and serum inflammatory cytokines levels in 
patients at different disease stages upon HAdV-7 respira-
tory infection, and evaluated the performances of these 
markers in predicting the disease progression. Our work 
provides valuable data to support appropriate clini-
cal decision making and early identification of high-risk 
cases. .

Methods
Patients and study design
From January 2015 to March 2015, two outbreaks of 
HAdV-7 infection were reported in Ningxia province, 
China and Hubei province, China, where 219 patients 
and 218 patients were admitted to hospitals, respectively. 
Cases of HAdV-7-associated respiratory infection with 
laboratory-confirmed symptoms were initially enrolled 
in this study. Diagnoses were based on polymerase chain 
reaction findings from throat swab specimens. Sputum 
smear and culture of bacteria, fungi, mycoplasma, and 
chlamydia, as well as detection of Legionella antibody 
and related respiratory tract infection were performed to 
exclude patients with other pathogen infections. Patients 
with HIV infection, neutropenia, or diagnosis of pneu-
monia or other infectious diseases in the last 30 days, and 
those receiving immunosuppressive chemotherapy, were 
excluded.

Eventually, 79 cases in Ningxia province and 81 cases 
in Hubei province were enrolled in this study. According 
to guidelines for the diagnosis and treatment of adenovi-
rus infection and chest radiographic findings, these cases 
were classified into two groups: upper respiratory infec-
tion (URI) and adenovirus pneumonia (AdP). The AdP 
group was further divided into common pneumonia (CP) 
group and severe pneumonia (SP) group according to 
the severity of pneumonia, as detailed below. This study 
complied with the necessary ethical guidelines and was 
approved by the Research Ethics Board of the People’s 
Liberation Army General Hospital (approval number 
S2022-419). All participants or their guardians signed an 
informed consent form before enrolment.

showed that multiple parameters including the percentage of blood CD3+ cells and serum CXCL10 level could predict 
the progression of HAdV-7 infection.

Conclusion Imbalance of immune state with hypercytokinemia occurred during HAdV-7 infection. The percentages 
of blood immune cells such as CD3+ T cells and the levels of serum cytokines such as CXCL10 showed potential 
diagnosis values in HAdV-7 infection.

Keywords Human adenovirus type 7, Pneumonia, Lymphocyte subsets, Inflammatory cytokine, hypercytokinemia, 
CXCL10



Page 3 of 9Sun et al. BMC Infectious Diseases          (2023) 23:174 

Diagnostic criteria of adenovirus respiratory infection [24, 
25]
Clinical and laboratory parameters were collected from 
all patients and used for diagnosis. All HAdV-7-infected 
cases had positive nucleic acid test results of throat swab 
specimens with the real-time quantitative PCR (RT-PCR) 
detection method. Diagnostic criteria for URI: No acute 
inflammatory infiltrating shadow was found in chest 
imaging and accompanied by any of the following mani-
festations: (1) acute onset of fever; (2) cough and expec-
toration, sore throat, fatigue, nausea, loss of appetite; (3) 
pharyngeal hyperemia, tonsil enlargement, surface vis-
ible patchy gray white secretion, bilateral cervical lymph 
nodes. Diagnostic criteria for CP: 1) New onset of cough 
or expectoration, or aggravation of existing symptoms 
of respiratory tract diseases, with or without purulent 
sputum, chest pain, dyspnea, or hemoptysis; 2)Fever; 3) 
Signs of pulmonary consolidation and/or moist rales; 4)
Peripheral white blood cell count (WBC) > 10 × 109/L or 
< 4 × 109/L, with or without a left shift; 5) Chest radio-
graph showing new patchy infiltrates, lobar or segmen-
tal consolidation, ground glass opacities, or interstitial 
changes, with or without pleural effusion. Diagnosis can 
be established if a patient satisfies criterion 5 and any one 
condition of criterion1-4 and meanwhile, tuberculosis, 
pulmonary tumour, non-infectious interstitial lung dis-
ease, pulmonary edema, atelectasis, pulmonary embo-
lism, pulmonary eosinophilia and pulmonary vasculitis 
are all excluded. The SP cases met the CP diagnostic cri-
teria and had additionally any of the following condi-
tions: (1) sustained high fever (> 39 ℃) more than 5 days, 
accompanied by frequent and severe irritating cough; (2) 
heart rate > 100 times/min and (or) respiratory rate > 30 
times/min; (3) lung shadow progressed very quickly 
with multiple or single lobar/segment consolidation; 
(4) PaO2 < 70mmHg, and (or) SpO2 < 90%, while oxygen 
inhalation or mask oxygen can’t improve PaO2.

Blood sample preparation
Blood samples were collected within 2 days of admis-
sion. For the analysis of lymphocyte subsets, 2 mL venous 
blood was stored in EDTA anticoagulant tube at room 
temperature for 0.5–2 h, and subjected to flow cytometry 
analysis after red blood cells lysis using ACK (Ammo-
nium-Chloride-Potassium) lysing buffer. For the mea-
surements of serum cytokines, 5 mL venous blood was 
placed in the coagulation tube at room temperature for 
2 h, and supernatant was taken after centrifugation at 10 
000  g/min for 15  min at 2–8 ℃. The supernatant sam-
ples were stored at − 80 ℃ until the assays. At the same 
time, blood routine tests were carried out on the second 
day of admission, and data on the absolute numbers of 
neutrophils and lymphocytes were collected. The ratio of 

neutrophils to lymphocytes (neutrophil to lymphocyte 
ratio; NLR) was calculated.

Peripheral lymphocyte subsets analysis by flow cytometry
The percentages of peripheral blood lymphocyte sub-
sets including CD3+ total T cells, CD3+CD4+ T cells, 
CD3+CD8+ T cells, NK cells (CD3−CD56+) and B cells 
(CD3−CD19+) were determined by flow cytometry. The 
following antibodies combinations were used: (1) for 
T-cell subsets, fluorescein-5-isothiocyanate-conjugated 
anti-CD45 (FITC-CD45) / phycoerythrin (RD1) - CD4/
ECD- CD8/PC5- CD3; (2) for B cells, FITC- CD45/RD1- 
CD56 + PE-CD16/ECD-CD19/PC5-CD3; (3) for NK cells, 
FITC-CD3 / PE-CD16 + PE-CD56 / PC5-CD45. All anti-
bodies were purchased from BD Biosciences (San Diego, 
CA, USA), and the flow staining followed the manu-
facturer’s instructions. Data were acquired with a flow 
cytometer (Model FC500, the Beckman Coulter com-
pany), and analyzed with the BD Biosciences supporting 
software (San Diego, CA, USA).

Serum cytokine measurement by ELISA (enzyme-linked 
immunosorbent assay)
ELISA was used to measure The concentrations of serum 
cytokines including interferon-γ (IFN-γ), tumor necro-
sis factor –α (TNF-α), interleukin-10 (IL-10), inter-
leukin-2 (IL-2), interleukin-17  A (IL-17  A) and IP-10 
(IFN-γ inducible protein 10)/C–X–C motif chemokine 
10 (CXCL10), were measured using the respective ELISA 
kits. The kits for measuring human IP-10/CXCL10, 
human IL-17 A, human IFN-γ, human IL-10, and human 
IL-2 were purchased from Wuhan Huamei, China. The 
TNF-α assay kit was from Siemens Healthcare Diagnos-
tics Products Limited (Malvern, PA, USA). All the mea-
surements and data analyses followed the manufacturers’ 
protocols.

Statistical analysis
Continuous variables are expressed as mean ± standard 
deviation (SD) or median (interquartile range, IQR) as 
indicated. For continuous variables, paired t-test was 
used for normally distributed data, and nonparametric 
Mann Whitney U-test was used for non-normally dis-
tributed variables. For categorical variables, the differ-
ences between groups were tested by Chi-Square (χ2) test 
or Fisher exact test. For multiple comparisons between 
groups, analysis of variance or Kruskal Wallis test were 
used. Logistic regression coefficient method was used 
to test the correlation of each group. Receiver operat-
ing characteristic (ROC) curve was used to determine 
the evaluation and prediction value of relevant indica-
tors. The sensitivity and specificity when the Yoden index 
was the largest were used to determine the best cutoff 
value. All analyses were performed with SPSS statistical 
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software, version 22.0 (SPSS Inc; Chicago, IL, USA). A P 
value of less than 0.05 derived from a two-tailed test of all 
analyses was considered statistically significant.

Results
Characteristics of study subjects
All patients were military personnel on active duty in the 
Chinese army, and all the cases in this study were males. 
Among them, 79 cases were enrolled in Ningxia prov-
ince, including 14 cases of SP, 41 cases of CP and 24 cases 
of URI. Their mean age was 19.72 ± 2.71 years. The other 
81 cases were recruited in Hubei province, including 10 
cases of SP, 30 cases of CP and 41 cases of URI. The mean 
age was 18.99 ± 1.45 years. Overall, a total of 95 AdP cases 

and 65 URI cases were enrolled, which accounted for 
59.38% and 40.62% of all the cases, respectively. High-
grade fever (39.09 ± 0.72  °C) was observed in most of 
the patients (98.13%). The highest temperature recorded 
was 41  °C, but temperatures did not differ significantly 
between groups. Most patients presented flu-like symp-
toms such as cough (80.63%) and sore throat (75.63%). 
Diarrhea (18.75%) was also observed and there was sig-
nificant difference between groups (P < 0.01) (Table 1).

HAdV-7-infection altered the frequencies of blood 
lymphocytes in patients
Flow cytometrical analysis of blood lymphocytes sub-
sets were conducted to examine the impacts of HAdV-7 
infection on the changes in distributions of major 
immune cells in peripheral blood (Fig.  1). Compared 
with the URI cases, the SP cases had significantly lowered 
percentage of CD3+ T cells among CD45+ leukocytes in 
blood (P < 0.001) (Fig.  1A). The percentage of CD4+ T 
cells among CD45+ cells (56.9%) in 91HAdV-7-infected 
patients was below the lower limit of the normal value. 
With the aggravation of the disease, the percentage of 
CD4+ T cells decreased more obviously, as the percent-
age of CD4+ T cells in SP cases was significantly lower 
than that of the CP cases (P < 0.001) (Fig. 1B). In addition, 
the Mean value of the percentage of CD8+ cells among 

Table 1 The demographic and clinical data of patients in this 
study
Characteristic All cases 

(n = 160)
URI (n = 65) AdP 

(n = 95)
Age 19.36 ± 2.19 19.29 ± 2.26 19.39 ± 2.15

Fever 157(98.13) 63(96.92) 94(98.95)

Tmax(℃) 39.09 ± 0.72 39.10 ± 0.66 39.08 ± 0.76

Sore throat 121(75.63) 51(78.46) 70(73.68)

cough 129(80.63) 49(75.38) 80(84.21)

Diarrhea 30(18.75) 12(18.46) 18(18.95)**
Note: Except for the values of age and maximum body temperature, all other 
values are n (% of total); ** P < 0.01, between the groups of URI and AdP.

Fig. 1 The percentages of lymphocytes subsets at different disease stages upon HAdV-7 infection(A-F) The percentages of CD3+ T cells (A), 
CD3+CD4+ T cells (B), CD3+CD8+ T cells (C), NK cells (D), and B cells (E) among the gated CD45+ lymphocytes in peripheral blood, as well as the NLR values 
(F), were compared among the patients of the indicated groups. URI, upper respiratory infection (n = 65); CP, common pneumonia (n = 71); SP, severe 
pneumonia (n = 24); NLR, neutrophils to lymphocytes ratio. *P < 0.05, ** P < 0.01, between the indicated groups
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CD45+ cells in SP cases were markedly lower than that 
in URI cases or CP cases (Fig. 1C). A correlation between 
disease progression and the decrease in percentage of 
NK cells (Fig. 1D) or the increase in percentage of B cells 
(Fig.  1E) were identified. Moreover, the NLR in HAdV-
7-infected patients was also significantly higher than nor-
mal reference value and was associated with the severity 
of the illness (Fig. 1F). Furthermore, our logistical regres-
sion analysis suggested that the percentage of CD3+ cells 
and NLR values might be good indexes for diagnosis of 
HAdV-7 infection (Table S1). Collectively, these results 
indicated that HAdV-7 infection significantly altered the 
ratios of lymphocytes in peripheral blood.

HAdV-7-infection induced hypercytokinemia in patients
The cytokines levels in patient’s serum were associated 
with severity of illness. As shown in Fig. 2, the levels of 
TNF-α, IL-2, IL-17  A and CXCL10 were found to bear 
positive correlations with the severity of the disease. The 
level of TNF-α in SP cases was significantly higher than 
that in CP cases (P < 0.05). The level of IL-2 in AdP cases 
was significantly higher than that in URI cases (P < 0.001). 
Moreover, the levels of serum CXCL10 between URI 
cases and AdP cases also had significantly differences 
(P < 0.001), while the SP cases had a significantly higher 

level of CXCL10 than the CP cases (P < 0.001). However, 
the level of serum IL-10 and IFN-γ did not rise like other 
cytokines, but appeared to be reduced along with disease 
aggravation upon HAdV-7 infection. In addition, the lev-
els of serum IL-2 and CXCL10 seemed to be markers that 
can be used for diagnosis of HAdV-7 infection accord-
ing to the diagnosis logistic regression results (Table S2). 
Taken together, hypercytokinemia was observed in the 
patients infected with HAdV-7.

Performance of the frequencies of lymphocyte subsets in 
predicting the disease progression of HAdV-7 infection
The performances of the frequencies of blood lym-
phocytes populations in predicting HAdV-7 infection 
induced disease progression from URI to AdP (Table S3 
and Fig.  3A) and from CP to SP were evaluated (Table 
S4 and Fig. 3B). The percentage of CD3+ cells was found 
to be with a relatively higher accuracy in predicting the 
progression of HAdV-7 infection: 65.5% was the optimal 
threshold for prediction of URI to AdP, with a sensitivity 
of 89.1% and specificity of 89.6%. The area under curve 
in predicting URI to AdP is 0.954 (Table S3 and Fig. 3A). 
The percentage of CD3+ cells was found to be also good 
in predicting the progression from CP to SP: 50.5% was 

Fig. 2 The levels of serum cytokines from patients at different disease stages upon HAdV-7 infection The levels of serum cytokines (pg/mL) 
including IFN-γ, TNF-α, IL-2, IL-17 A, IL-10 and CXCL10 from the patients of the indicated groups were measured by ELISA. *P < 0.05, ** P < 0.01, between 
the indicated groups
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the optimal threshold, with a sensitivity of 79.2% and 
specificity of 83.3% (Table S4 and Fig. 3B).

Performance of the serum cytokines levels in predicting 
the disease progression of HAdV-7 infection
The performances of the levels of blood cytokines in 
predicting HAdV-7 infection induced disease progres-
sion from URI to AdP (Table S5 and Fig.  4A) and from 
CP to SP (Table S6 and Fig. 4B) were also evaluated. As 
shown in Fig. 4A, CXCL10 and IL-2 showed relative bet-
ter performance in predicting URI to AdP than other 
soluble factors. A CXCL10 concentration of 77.82 pg/
mL was determined to be the best cutoff value, with an 
area under the curve (AUC) of 0.710, sensitivity of 68.9%, 
and specificity of 65.1%. For IL-2 concentration, the best 
cutoff value was 20.07 pg/mL, with an AUC of 0.699, 
sensitivity of 67.2%, and specificity of 74.4% (Table S5). 
The parameters CXCL10 and TNF-α were considered to 
be highly accurate for predicting the progression of CP 
to SP (Fig.  4B). The AUC for CXCL10 was 0.721 with 
55.6% sensitivity and 81.4% specificity; while the AUC for 
TNF-α was 0.702 with 72.2% sensitivity and 62.8% speci-
ficity (Table S6).

Discussion
Experiences from the ongoing global pandemic caused 
by severe acute respiratory coronavirus-2 (SARS-CoV-2) 
infection highlight the importance of distinct diagno-
sis, treatments, and prognosis of a particular infectious 

pathogen [26, 27]. Similarly, accurately differentiating 
HAdV infection in a timely manner and appropriate 
prognosis of patients with HAdV infection are crucial 
for both clinicians and epidemiologists. Here, we inves-
tigated the changes of both the frequencies of lympho-
cyte subsets and the cytokine levels in peripheral blood 
of patients during the disease progression upon HAdV-7 
infection, and explored the diagnosis performance of 
these changed parameters in predicting the severity of 
HAdV-7 infection.

Significantly altered compositions of lymphocytes in 
peripheral blood were observed in patients with different 
disease severity of HAdV-7 infection, implying possible 
immune system damage due to imbalance of immune 
state in these patients with more aggravated disease. We 
found that the percentages of CD3+, CD4+ and NK cells 
were decreased and that of B lymphocyte was increased, 
which was more evident and significant in SP cases. CD4+ 
cells and CD8+ cells play an important role in the process 
of removing the adenovirus from the respiratory tract. 
CD4+ cells can secrete IFN-γ, TNF-α, IL-17 A and other 
different cytokines to participate in the antiviral immu-
nity [28, 29]. CD8+ cells can direct lyse the infected cells 
and release proinflammatory cytokines such as IFN-γ 
and TNF-α [30]. The decreased frequencies of T cells in 
blood might be due to death of existed T cells during the 
combating against the HAdV-7 virus or suppression of T 
cell biogenesis by the virus. In addition, the enhancement 
of antibody-associated immunity, which caused more 

Fig. 3 The performance of the percentage of peripheral blood lymphocytes in predicting disease progression ROC curves of the indicated dif-
ferent parameters (the percentage of blood CD3+ cells, CD4+ cells, CD8+ cells, NK cells, and B cells) in predicting the progression of disease from URI to 
AdP (A) and from CP to SP (B)
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production of B cells, could also lead to a reduced per-
centage of T cells in blood. Different from our findings, 
Chen et al. reported that patients with severe HAdV-55 
infections had significantly higher levels of IL-17+CD4+ 
cells and decreased levels of IL-17+CD8+ cells in blood 
[31]. These might be due to distinct pathogenesis of dif-
ferent adenovirus or the inherent disparities among dif-
ferent cohorts of patients. In addition, NK cell of the 
patients with HAdV-7 infection decreased significantly 
in this study, which was closely related to the severity of 
pneumonia. Although patients with different severities 
of disease due to HAdV-7 infection had significantly dif-
ferent immune responses, our results altogether suggest 
that monitoring the percentage of blood NK cells has 
clinical significance to assess the severity of pneumonia.

In our study, hypercytokinemia was observed in 
patients infected with HAdV-7. Hypercytokinemia (also 
known as a “cytokine storm”) is characterized by the 
over production of various proinflammatory cytokines, 
and plays an important role in the pathogenesis of virus 
infection [32]. We showed that the cytokines levels in 
patient were associated with deterioration of HAdV-7 
infection. CXCL10 is a proinflammatory cytokine that is 
secreted by a variety of cells. It was elevated in patients 
with HAdV-7 infection, particularly in patients with 
SP. The high elevation of CXCL10 has been reported in 
the plasma of patients with SARS-CoV, avian influenza 
H5N1, and swine-origin influenza virus -infected macro-
phages [33–35]. Wenxin et al. found that during HAdV-7 

infection, CXCL10 was secreted from both macrophages 
and epithelial cells [36], suggesting a comprehensive 
evaluation of CXCL10 in both peripheral blood and local 
infected tissues might be more helpful to predict the 
severity of HAdV-7 infection-caused diseases.

IL-17  A stimulates proinflammatory chemokine and 
recruits neutrophils into the airway, thus playing a sig-
nificantly defensive role in various infections [37]. In our 
study, IL-17 A was elevated in HAdV-7 infected patients 
and seemed positively correlated with the severity of 
pneumonia. In line with our findings, in patients with 
H7N9 infection, high plasma concentrations of IL-17  A 
were also identified [38], suggesting that IL-17 A and the 
Th17 pathway are promising targets for developing drugs 
to attenuate virus infection-associated disease progres-
sion. Moreover, inconsistent with other reports [19, 31], 
IFN-γ in our study did not show a significantly higher 
level in blood of patients with more severe disease sta-
tus, possibly reflecting the weaker antiviral activities in 
patients with AdSP due to the lack of IFN-γ at certain 
disease stages. Notably, we found that the levels of serum 
cytokines such as CXCL10, IL-2 and TNF-α can be bio-
markers that can be used to predict disease progression 
in HAdV-7-infected patients to certain extent. Taken 
together, these data provide valuable insights on measur-
ing blood parameters to identify the patients at risk of 
more severe disease.

The current investigation has several limitations. The 
major limitation is its sample size of patients. The patients 

Fig. 4 The performance of the level of blood cytokine in predicting disease progression ROC curves of the indicated different parameters (the level 
of serum CXCL10, IFN-γ, TNF-α, IL-2, IL-17 A, and IL-10) in predicting the progression of disease from URI to AdP (A) and from CP to SP (B)
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included in this study were drawn from two cohorts and 
thus were subject to referral bias. These results need to 
be confirmed by studies of other outbreaks of HAdV-7. 
In addition, since our study was limited to infection by 
one HAdV-7 serotype, whether the results can be appli-
cable to other serotypes needs to be further studied. Fur-
thermore, peripheral blood was the only sample type, and 
data from infected organs like lungs and lymph nodes 
are supposed to be more valuable and informative. These 
results can help tell the changes in lymphocyte popula-
tions and cytokine levels were due to changes in absolute 
numbers or cell migration, and help distinguish the status 
of local inflammation to better predict disease progres-
sion. Taken together, the observation on the dynamic 
changes of the parameters and future multicenter vali-
dation of these parameters from a large sample size of 
patients would provide more supportive results.

Conclusion
In conclusion, patients with HAdV-7 respiratory infec-
tion showed signs of imbalanced immune state, as evi-
denced by reduced frequencies of T cells and NK cells 
and increased frequencies of B cells in blood. The levels 
of serum cytokines including CXCL10, IL-2, and TNF-α 
appeared to be correlated with the severity of pneumo-
nia. Monitoring lymphocyte subgroup and the levels of 
cytokines might help the judgments on the diagnosis and 
development of HAdV-7 infection-associated diseases.
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