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Background

Human adenoviruses (HAdVs) are ubiquitous double-
stranded DNA viruses that cause a wide array of
diseases in humans, including pharyngitis, pneumonia,
gastroenteritis, hemorrhagic cystitis and conjunctivitis.
Furthermore, they play an important role in the etiology
of severe acute lower respiratory infection in young
children.
HAdVs are grouped into 7 groups (A–G) and can be
further differentiated into more than 52 genotypes.
Diagnosis is traditionally by cell culture or antigen
detection methods. Most HAdVs grow in cell culture and
can be detected in a variety of specimen types including
nasopharyngeal, throat and conjunctival swabs, urine,
cerebrospinal fluid (CSF) and stool. Direct antigen
detection from clinical specimens can be used for
diagnosis of acute infections but provides markedly low
sensitivity compared to culture; less commonly,
serology can be used. Real-time PCR offers a rapid and
sensitive alternative to culture, antigen detection, and
serology.

Materials and Methods

This HAdV detection assay is a freeze-dried and ready-
to-use kit that includes all the required elements for the
amplification of nucleic acid targets (Figure 1, Figure 2).
Its intended use is the detection of HAdV in human
samples.

Figure 1. HadV assay’s components.

Figure 2. HAdV assay freeze-dried mix.

A specific set of primers and probe was designed to
amplify a 125 bp DNA fragment within a conserved
region of HAdV genome, while a second set of primers
and probe amplifies a 127 bp Human Beta Globin gene
fragment, used as an internal amplification control (IC).
In this assay the two targets are co-amplified and
detected by a CFX96 PCR instrument (Biorad) using the
protocol indicated in Table A.

Table A. Thermal cycler protocol.

HAdV assay’s performances were evaluated on:
• a total of 23 plasma samples previously diagnosed as
positives;

• a total of 19 plasma samples previously diagnosed as
negatives.

• Two quantified reference strains from 41 and 71
genotypes obtained from Vircell (Vircell, Parque
Tecnológico de la Salud. Granada – Spain).

Figure 4. Diagnostic sensitivity: Panel of 23 positive samples:
human beta globin gene (IC, internal amplification control)
amplification in blue; target genomic DNA in pink.

Figure 5. Diagnostic specificity. Panel of 19 negative samples:
human beta globin gene (IC, internal amplification control)
amplification in blue; target genomic DNA in pink.

The panel of samples considered in the present study
includes strong positives as well as weak positives and
negatives.
Obtained data totally agreed with HSR results and confirmed
23 positive samples and 19 negative samples (Table D).
Even in presence of very low levels of infection, developed
test was able to detect the presence of Adenovirus in the
sample.

Table D. Expected and obtained results of the sample panel tested.

Conclusion

Lyophilization is a widely applicable technology that can be
used for stabilizing at room temperature different
amplification mixes with a variety of applications.
The ready-to-use format avoids problems related to cross-
contamination due to multi-step preparation of common PCR
master mixes.
The presented assay is a quick and effective new diagnostic
kit for rapid detection of HAdV in human samples. Its
characteristics of room temperature storage and ready-to-
use assay, together with a high sensitivity and specificity,
make this kit a rapid and easy tool to diagnose and monitor
HAdV infections in human patients.
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Abstract

Background. Adenoviruses (HAdV) have been classified into seven groups (A–G) and 52 serotypes based on their physical, chemical and biological properties.
HAdV are causes of a broad range of clinical manifestations including respiratory tract infections, acute conjunctivitis, cystitis, gastroenteritis and systemic infections but rarely cause serious
illness or death.
Conventional methods for detection of HAdVs include microscopy, antigen detection and virus isolation in cell culture. Molecular methods demonstrate to be a rapid and sensitive alternative to
conventional assays.
The aim of this work was to evaluate the performance of a new assay designed to detect HAdV DNA in human samples.
Methods. A novel Real-Time PCR based-assay was developed as a ready-to-use test with a specific set of primers and probe able to identify a fragment designed in a HAdV conserved region. A
second set of primers and probe for the Human Beta Globin gene fragment was used as an internal amplification control. The two sets are combined in a lyophilized and ready-to-use mix, co-
amplified and detected by a Real-Time PCR instrument.
In the present study, several samples obtained from San Raffaele Hospital and previously diagnosed as positives with the “ADENOVIRUS ELITe MGB® Kit” (ELITechGroup), were investigated.
PCR reactions were performed on nucleic acids extracted from plasma.
Results. The new freeze-dried ready-to-use assay confirms all the results obtained at San Raffaele Hospital. The PCR-based assay also demonstrate robust and accurate target amplification.
The detection kit proved to be specific for HAdV.
Conclusion. The described Real-Time PCR assay proved its effectiveness for the detection HAdV DNA in clinical samples. The test showed a sensitivity and a specificity of 100%.
The high-sensitivity and specificity of this assay, associated with the ready-to-use and room temperature storage, would improve the early and correct management of the affected patients.
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The panel of 42 samples were extracted at San Raffaele
Hospital (HSR) with QIAsymphony DNA extraction
system (Qiagen) from human plasma and previously
diagnosed as positives and negatives with the
“ADENOVIRUS ELITe MGB® Kit” (ELITechGroup) (Table
B).

Table B. Human samples panel obtained from HSR.

Two quantified reference DNA strain (Vircell) belonging
to 41 and 71 genotype were also tested; strain 41 was
used to determine the limit of detection (LoD) of the
assay (Table C) testing 5 serial diluition.

Table C. Serial dilution to determine the LoD of the HAdV assay.

Results

To assess the effect of freeze-drying process on the
quality of the assay, three 10-fold serial dilution
corresponding to 103, 102 and 10 copies/reaction,
spotted with Human genomic DNA (Promega), were
tested. The amplification profiles obtained before and
after lyophilization showed to be very similar, preserving
the same Ct and fluorescence values for all the DNA
quantities tested.

The Analytical sensitivity of the assay was evaluated
testing five 10-fold serial dilution of Adenovirus 41
strain. The genomic DNA of HAdV was mixed with
Human genomic DNA, simulating human samples
(Figure 3).

Figure 3. LoD of HAdV assay. Real-Time PCR amplification plot of
human beta globin gene (IC, internal amplification control)
amplification in blue; five 10-fold serial dilution of Adenovirus strain
41 genomic DNA in pink, corresponding to 104, 103, 102, 10 and 1
copies/reaction. No Template Control (NTC).

The Limit of Detection of the assay showed a final value
of 10 genome copies/reaction. This results is
comparable to other HAdV assays on the market.

A panel of 42 samples was tested to evaluate the
diagnostic sensitivity (Figure 4) and the diagnostic
specificity (Figure 5) of the assay.
All the samples, extracted with QIAsymphony DNA
extraction system (Qiagen), were previously confirmed
as positives and negatives with the commercial HAdV
test “ADENOVIRUS ELITe MGB® Kit” (ELITechGroup).


