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Abstract—The diagnostic potential of the 4B7 and 6B12 monoclonal antibodies (MAbs) against human ade-
novirus hexon protein has been studied in various immunological tests, namely, the in-cell enzyme-linked
immunosorbent assay (cell-ELISA), sandwich ELISA, and the immunofluorescence antibody technique
(IFA). It was shown that the sensitivities of cell-ELISA, sandwich ELISA, and IFA were 96, 86, and 84%,
respectively, compared to PCR. Thus, 4B7 and 6B12 MAbs are promising immunoreagents for the construc-
tion of various diagnostic kits to use in laboratory practice for adenovirus detection in clinical samples.
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INTRODUCTION

Fifty-million cases of infectious diseases are annu-
ally registered in Russia. Up to 95% of them are acute
respiratory virus infections (ARVI) [1]. The most
important role in the development of respiratory
pathology is played by the influenza virus, respiratory
syncytial virus (RSV), and adenovirus (AdV). AdVs
that cause infections are observed throughout the year
[2]; they lead to morbidity and outbreaks of epidemics,
mainly in organized children’s groups [3] and among
conscripts [4, 5]. The upper respiratory tract is the first
to be affected upon the respiratory form of AdV infec-
tion; the development of aggravations in the form of
bronchitis, bronchiolitis, pneumonia, encephalitis,
meningitis, and myocarditis is possible, especially in
patients with immunosuppression [6, 7]. Lethal cases
have been described as a result of AdV pneumonia in
children and among the military personnel of the
armies of Russia, Canada, and the United States. The
reasons for the emergence of such severe infections
and their mortality still remain unclear.

To date, 80 types of human AdVs are known. They
contain variable antigens, which determines the vari-
ety of clinical forms of AdV infections, complicates the
clinical diagnosis, and requires expensive laboratory
tests. The use of accurate diagnostic tests allows timely

diagnostics, which is especially relevant for at-risk
patients.

Currently, the polymerase chain reaction (PCR),
enzyme-linked immonosorbent assay (ELISA), and
IFA with the use of polyclonal AdV-specific sera are
commonly used for the rapid diagnostics of AdV infec-
tions. The sensitivity of laboratory diagnosis of these
diseases is 83.0% for PCR, 44.6% for IFA, and 48.7%
for ELISA [5]. Despite the cost effectiveness and reli-
ability of the PCR diagnostics, it has a number of lim-
itations, primarily related to high requirements for the
laboratory technical equipment and staff qualifica-
tion. In view of this, conventional immunological
methods of laboratory diagnostics remain in demand.
Their efficiency can be improved by including high-
specific monoclonal antibodies (MAbs) in diagnostic
test systems.

Highly specific 4B7 and 6B12 MAbs to the AdV
hexon protein have been obtained in the Laboratory of
Biotechnology of the Research Institute of Influenza.
Based on the data of studies on laboratory AdV strains
of various types, the 4B7 and 6B12 MAbs were
selected as the most promising for use in ELISA vari-
ants and IFA, respectively [8].

The goal of the present work was to assess the diag-
nostic potential of the obtained MAbs in various
immunological reactions aimed at detecting AdV in
clinical samples.

MATERIALS AND METHODS
Monoclonal Antibodies

As noted, the 4B7 and 6B12 MAbs targeted at AdV
hexon were previously obtained in the Laboratory of

Abbreviations: Adv, adenovirus; ARVI, acute respiratory virus
infection(s); cell-ELISA, micro-culture ELISA; CPE, cyto-
pathogenic effect; ELISA, enzyme-linked immunosorbent
assay; FITC, fluorescein isothiocyanate; IFA, f luorescence with
fluorochrome-labeled antibodies; MAb, monoclonal antibody;
PCR, polymerase chain reaction; RSV, respiratory syncytial
virus; TMB, tetramethylbenzidine; VCL, virus-containing cul-
ture liquid.
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Biotechnology of the Research Institute of Influenza.
The methods for obtaining, as well as the properties
and selection criteria for MAbs, were described in
detail in [8]. The highest specificity in ELISA was
found for the 4B7 MAb; its titer in ELISA with puri-
fied type 6 AdV was 10–6, while the nonspecific inter-
action with the purified concentrate of heterologous
RSV were not observed. The 6B12 MAb showed the
highest activity in IFA against various AdV types (3, 4,
6 and 19) with the complete absence of nonspecific
reactions with heterologous respiratory viruses.

Cell Culture
The A-549 cell line (human lung carcinoma) was

provided by the Collection of the Research Institute of
Influenza.

Samples for Analysis
Nasopharingeal swabs from 66 patients with ARVI

symptoms were analyzed for the respiratory viruses by
real time PCR (qPCR). AdV was detected in 63 sam-
ples, and in 2 of them RSV and rhynovirus were found
in addition to AdV. Sanger sequencing identified AdV
types in 31 analyzed samples; 30 contained AdV type 4,
and 1 sample, adenovirus type 7 [9]. Three clinical
samples were used as negative controls: one contained
influenza A virus and another had RSV; a third sample
did not contain ARVI pathogens according to qPCR.

Cell-ELISA
The analysis was carried out according to the previ-

ously published protocol [10]. The A-549 cell culture
was contaminated with clinical samples (63 of which
contained AdV according to PCR, while the other 3
did not), and 4 consecutive passages were performed.
The AdV reproduction was detected either visually
using an Axiovert 40С light microscope (Karl Zeiss,
Germany) by the presence of a typical cytopathogenic
effect (CPE), or semi-quantitatively by cell-ELISA
using the 4B7 MAb conjugated with horse radish per-
oxidase (4B7-HRP) and tetramethylbenzidine (TMB)
as a substrate. Optical density was measured at a wave-
length of 450 nm (OD450). Cell-ELISA results were
taken into consideration at each stage of passage of
clinical samples, regardless of the presence or absence
of CPE.

Sandwich ELISA
This method was used to analyze the same clinical

samples (n = 66) as cell-ELISA. The initial samples
were studied together with the virus-containing cul-
ture liquid (VCL) obtained after passing the samples
through the A-549 culture and at each passage stage
(no more than four passages). The 4B7 MAb at a con-
centration of 5 μg/mL in carbonate–bicarbonate buf-
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fer (pH 9.5) was adsorbed on a 96-well plate (Medpo-
limer, Russia) for 16 h at 4°C. The plate was then washed
with phosphate-buffered saline with 0.5% Tween-20
(PBST), after which the analyzed samples were added
(100 μL/well) and incubated for 2 h at 37°C. The
plate was washed again with PBST, the 4B7-HRP
conjugate in PBST was introduced (1 : 4000,
100 μL/well), and the mixture was incubated for 1 h at
37°C. After washing and reaction with TMB, OD450
was measured and AdV was determined in the wells.

Immunofluorescence Antibody Technique (IFA)

Forty-eight clinical samples were analyzed: 45 of
them were AdV-positive at the first passage according
to cell-ELISA and 3 were AdV-negative according to
PCR. The A-549 cell culture was contaminated with
clinical samples, incubated for 48 h, and then fixed
with chilled acetone. The treated cells were incubated
with the 6B12 MAb conjugated with f luorescein iso-
thiocyanate (FITC) and analyzed under an Axioskop
40 fluorescent microscope (Karl Zeiss, Germany) at
400 × magnification.

RESULTS AND DISCUSSION

Detection of AdV by cell-ELISA

The A-549 cell culture was infected with 66 clinical
samples, 63 of which were AdV-positive according to
PCR. Specificity was assessed using three clinical
samples: one of them contained influenza A virus,
another one carried RSV, and the third was negative
for ARVI pathogens according to PCR. The 4B7-
HRP MAb was used to detect AdV by cell-ELISA. In
addition, the AdV reproduction in the cell culture was
assessed visually (by the presence of a typical CPE in
consent with the standard for traditional isolation of
viruses in cell culture). The samples with negative
results in cell-ELISA after the first passage were sub-
jected to another 3 blind consecutive passages through
the A-549 cell culture. The AdV reproduction after
each passage was assessed visually and by cell-ELISA.
The results of the sensitivity and specificity of cell-
ELISA using 4B7-HRP and conventional virus isola-
tion in cell culture after the 4th passage compared to
PCR data are shown in Table 1.

The study of clinical samples by cell-ELISA
detected AdV in 61 out of 66 analyzed samples, while
the virological method detected the virus in only
47 samples. The sensitivity of cell-ELISA with the
4B7-HRP MAb conjugate was 96% of that of PCR,
which is much higher than the sensitivity of the classi-
cal technique for the virus isolation in cell culture
(74%). The specificity of both methods was 100%.
STRY AND MICROBIOLOGY  Vol. 58  No. 7  2022
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Table 1. The sensitivity and specificity of cell-ELISA, sandwich ELISA, and adenovirus isolation in cell culture in compar-
ison with PCR

Method for analysis
PCR

Sensitivity, % Specificity, %
+ ‒

Cell-ELISA + 61 0
96 100

‒ 2 3
AdV isolation in cell culture + 47 0

74 100
‒ 16 3

Sandwich ELISA + 54 0
86 100

‒ 9 3
Detection of AdV by Sandwich ELISA

The same clinical samples (n = 66) as for the cell-
ELISA were analyzed by sandwich ELISA. The results
were recorded at each stage of the passage of clinical
samples, regardless of the presence of CPE. The sen-
sitivity and specificity of sandwich ELISA using the
4b7 MAb and 4B7-HRP conjugate in comparison
with PCR are represented in Table 1.

The use in sandwich ELISA of the 4B7 MAb at the
capture stage and 4B7-HRP at the detection stage
made it possible to identify AdV in 35 initial clinical
samples and 19 VCL samples. The sensitivity of the
method was 86 with 100% specificity.

Detection of AdV in IFA

For this analysis, 45 clinical samples were used that
were AdV-positive at the first passage in the cell-
ELISA test, and 3 AdV-negative samples according to
PCR. The A-549 cell culture contaminated with clin-
ical samples was fixed 48 h after the infection and
examined by IFA using the 6B12-FITC MAb conju-
gate (Fig. 1). As a result, AdV was found in 38 of 45
APPLIED BIOCHEMISTRY AND MICROBIOLOGY  Vo

Fig. 1. The specific immunofluorescence of A-549 cell culture in
tain (b) adenovirus according to PCR data. The 6B12-FITC MA

(а) (
tested samples. Thus, the IFA sensitivity was 84%
compared to PCR.

Infectious diseases of viral etiology remain one of
the most serious problems in public health. AdV, RSV,
rhinoviruses, and others, are detected as the main
causative agents in noninfluenza seasons [2]. Typi-
cally, AdV attacks the upper or lower respiratory tract,
pharynx, conjunctiva, or gastrointestinal tract. AdV-
induced outbreaks can occur throughout the year not
only among immunocompromised persons, but also
among healthy children and adults, especially in
closed groups: military units, nursing homes, special-
ized medical institutions, and summer camps. The
percentage of AdV among children and young people
of military age in the total number of ARVI cases can
reach 30 and 64.6%, respectively [3, 11]. An increase
in the frequency of pneumonia, including that with a
severe course and fatal outcomes in patients without
impaired immunity is observed in the foci of these
outbreaks [12]. The variety of clinical forms of AdV
infections makes it necessary to develop effective tools
for differential diagnostics of this disease. The effec-
tive identification of the pathogen is mandatory to
prevent spreading infection and to conduct timely
l. 58  No. 7  2022

fected with a clinical sample that contained (a) and did not con-
b was used for staining. Magnification 400 ×.
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therapy and therefore, to avoid the development of
severe forms of the disease.

Currently, differential diagnostics of AdV infection
by ELISA and FAT using polyclonal virus-specific
sera is popular in Russia. The main disadvantage of
these methods is the unstable antibody composition,
which depends on the peculiarities of the producer’s
immune response, while obtaining a new batch of
immune serum requires a highly purified antigen, a
complete immunization cycle and quality control of
the final drug. The sensitivity of the above methods for
diagnosing AdV infection is 44.6% for IFA and 48.7%
for ELISA compared to PCR [5]. In this regard, the
problem of obtaining standardized antibody prepara-
tions, high-specific to antigenic determinants of AdV
pathogenic for human is extremely urgent.

The current level of biotechnology development
makes it possible to produce MAbs on an industrial
scale; therefore, MAbs can be included in new gener-
ation test systems, which will improve the quality and
increase the availability of laboratory diagnostics of
AdV infection.

Highly specific 4B7 and 6B12 MAbs to the AdV
hexon have been obtained at the Laboratory of Bio-
technology of the Research Institute of Influenza.
Their diagnostic potential was studied in various
immunological and virological reactions with clinical
samples obtained from patients hospitalized with
ARVI symptoms in 2014–2018.

According to molecular genetic analysis the AdV-
positive samples were studied by cell-ELISA using the
4B7 MAb. This method, together with the use of spe-
cific MAbs, is widespread for identification of respira-
tory viruses in cell cultures contaminated with clinical
samples from ARVI patients, both in Russia and
abroad. As an example, cell-ELISA with specific
MAbs to the influenza virus nucleoprotein has been
recommended by WHO as a test for serological diag-
nosis of influenza, including the identification of virus
strains with weak hemagglutination activity [13].
According to the published data, the sensitivity of cell-
ELISA in the identification of ARVI pathogens ranges
from 78 to 94% for different respiratory viruses, which
is much higher than that of the traditional method of
virus isolation in cell cultures [14].

In our study of clinical samples by cell-ELISA with
the 4B7 MAb, the sensitivity and specificity reached
96 and 100%, respectively, compared to PCR, which
largely exceeds the similar characteristics of the tradi-
tional method of AdV isolation in cell cultures (about
50% compared to PCR) [5]. The use of 4B7 in cell-
ELISA not only reduces the isolation time of the etio-
logical agent in cell culture to 3 days, but also allows
identification of AdV without the characteristic CPE.
The developed cell-ELISA variant can be used to
screen clinical samples for the presence of AdV.

Another trend in the use of MAbs in the ARVI
diagnosis is the development of IFA for the analysis of
APPLIED BIOCHEMI
nasopharyngeal swabs and cell cultures contaminated
with clinical samples from patients [17]. The so-called
shell vial culture [18] is quite popular in foreign
research laboratories; it allows detection of virus
reproduction in a cell culture as early as 16 h after the
test material introduction. The analysis time is
reduced and the sensitivity is increased due to both
preliminary centrifugation of cell cultures with added
clinical material and the use of specific MAbs [19].

CONCLUSIONS
Only specialized laboratories are able to carry out

virological assays using cell cultures. Sandwich ELISA
is widely used to detect respiratory viruses in clinical
samples [15, 16]. It was shown that using the 4B7
MAbs at the capture stage and the 4B7-HRP conju-
gate at the detection stage, the sensitivity of sandwich-
ELISA was 86%, and its specificity was 100% relative
to PCR. At present, there are no commercial ELISA
kits for detecting respiratory AdV. Thus, the 4B7
MAbs can be regarded as a promising component for
inclusion in Russian AdV kits.

The sensitivity and specificity of the proposed
method for AdV identification in contaminated clini-
cal samples by IFA with the 6B12-FITC conjugate was
84% and 100%, respectively, compared to PCR. These
results are comparable to the sensitivity of foreign kits
for IFA diagnostics of ARVI (~90%) and significantly
exceeds that of IFA using polyclonal antibodies wide-
spread in Russia (≤50%) [5].

The analysis of the study convincingly showed that
the 4B7 and 6B12 MAbs are promising tools for the
construction of various immunological kits and their
further use in the laboratory practice for the diagnosis
of adenovirus infection.
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