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INTRODUÇÃO GERAL 

 

 

Os vírus constituem importante causa de doenças respiratórias agudas (DRAs) em 

crianças menores de cinco anos de idade, respondendo por elevadas taxas de morbidade e 

mortalidade em todo o mundo (WILLIAMS et al., 2002), sendo que aproximadamente 5% 

desses casos estão associados aos adenovírus (BRANDT et al., 1969). 

Na década de 50 estes vírus foram isolados e caracterizados por dois grupos de 

pesquisadores que estudavam a etiologia de infecções respiratórias agudas (ROWE et al., 

1953; HILLEMAN & WERNER, 1954). Diferentes denominações foram adotadas antes da 

atual: agentes da degeneração da adenóide, da doença da adenóide-faringe-conjuntiva ou 

da doença respiratória aguda. Somente em 1956 passaram a ser denominados adenovírus, 

tendo em vista que o isolamento original foi realizado a partir de tecidos de adenóides 

(ENDERS et al, 1956). 

Os adenovírus humanos pertencem ao gênero Mastadenovirus, da família 

Adenoviridade. São conhecidos 51 sorotipos, classificados em 6 espécies (A a F) (de 

JONG et al., 1999), baseado na sua capacidade de aglutinar vários tipos de eritrócitos. 

Outras propriedades virais tais como relações antigênicas, tamanho da fibra, grau de 

homologia do DNA, percentual das bases nitrogenadas guanina e citosina, número de 

fragmentos de clivagem após digestão com a endonuclease SmaI e massa molecular de 

certas proteínas internas tendem a coincidir com esta classificação (SWENSON et al., 

2003). 

São vírus DNA de fita dupla, de simetria icosaédrica, de 70 a 90 nm de diâmetro, 

não envelopados e são constituídos por 10 proteínas estruturais. O capsídeo protéico é 
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formado por 252 capsômeros, sendo 240 hexons e 12 pentons. Cada unidade do penton é 

constituída por uma base da qual se projeta a fibra (HIERHOLZER et al., 1989) (Fig. 1). 

 

Fig. 1: Partícula do adenovírus  
Http://iavireport.org/Issues/Issue 11-1/Winner.asp 

 

 

Além de acometerem o trato respiratório, os adenovírus causam uma variedade de 

outras síndromes, incluindo doenças oculares, gastroenterites e infecções urinárias 

(SHENK, 2001). Embora a maioria seja autolimitante, esses vírus podem estar associados 

a doenças graves ou letais tanto em indivíduos imunocomprometidos quanto em indivíduos 

saudáveis (MUNOZ et al., 1998). 

Nas décadas de 50 e 60, esses vírus foram reconhecidos como um dos mais 

importantes responsáveis por doenças respiratórias entre recrutas militares nos Estados 

Unidos (TOP, 1975). O impacto dos adenovírus nesta população estimulou o 

desenvolvimento de vacinas contra os sorotipos 4 e 7. Entretanto, a produção das duas 

vacinas foi descontinuada em 1996, acarretando no ressurgimento de epidemias em vários 

centros de treinamento militares por esses vírus (GRAY et al., 1999). 

O diagnóstico laboratorial pode ser feito por isolamento viral em cultura de células, 

testes sorológicos ou por imunofluorescência (MUNOZ et al., 1998). Entretanto, tem sido 

http://iavireport.org/Issues/Issue%2011-1/Winner.asp
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crescente o emprego da reação em cadeia pela polimerase (PCR) tendo em vista a rapidez e 

a elevada sensibilidade deste método (OSIOWY, 1998).  

Trabalhos realizados em diferentes países têm mostrado um percentual de detecção 

desses vírus de aproximadamente 7,0% em crianças com doença respiratória aguda (DRA) 

(ROCHOLL et al., 2004; VIEGAS et al., 2003). No Brasil, resultados similares têm sido 

reportados. Em Porto Alegre, Stralliotto et al. (2002), encontraram um percentual de 6% de 

positividade em crianças com DRA. Em Salvador, o percentual encontrado por Moura et 

al. (2003) foi de 7,1% em crianças atendidas em emergência e em enfermarias de um 

centro pediátrico da cidade, e em São Paulo, outro grupo de pesquisadores encontrou um 

percentual de 8,2% em crianças internadas, sendo a maioria com IRA e menores de 5 anos 

de idade (MOURA et al. 2007). 

Diferentes fatores devem ser considerados ao se analisar a prevalência destes vírus, 

incluindo o método de diagnóstico empregado, a gravidade da doença, a idade dos 

pacientes e o período da coleta dos espécimes clínicos (ECHAVARRIA et al., 2006). 

Referente à DRA, além da detecção viral, a determinação dos sorotipos constitui 

outro dado importante, considerando-se que certos sorotipos como o 7 e 3 são mais 

freqüentemente associados a surtos de infecções graves do trato respiratório (HONG et al., 

2001; KIM et al., 2003), embora outros sorotipos da espécie B (AdV 14, 16, 21, 34, 35), da 

espécie C (Ad1, 2, 5, 6 ) e da espécie E (Ad4) também sejam responsáveis por DRAs em 

crianças e militares (WADELL, 1984; HORWITZ, 2001).  

Um estudo realizado a partir dos casos positivos para adenovírus coletados de 

crianças hospitalizadas por doença respiratória aguda inferior nas cidades de Buenos Aires, 

Santiago e Montevidéu, demonstrou que 71,0% dos isolados pertenciam à espécie B, 

28,5% à espécie C e somente 0,6% à espécie E, sendo o sorotipo 7, mais especificamente o 

tipo genômico 7h, responsável por 94,4% (17/18) dos casos fatais registrados durante o 
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estudo (KAJON et al, 1996). Entretanto, além do sorotipo, outros fatores podem 

influenciar na gravidade da doença, como: idade, condição socioeconômica e fatores 

ambientais (HONG et al, 2001). 

A transmissão nosocomial constitui outro problema freqüentemente associado aos 

adenovírus. O fato de responderem por cerca de 10,0% dos casos de pneumonia, que 

freqüentemente necessitam de suporte de terapia intensiva, associado à excreção destes 

vírus pelas fezes por longos períodos e a transmissão tanto por fômites quanto por 

aerossóis ajudam a explicar tal transmissão (HIERHOLZER, 1989). Além disso, tem sido 

observado que muitas crianças com DRA por esses vírus desenvolvem alguma seqüela 

pulmonar (LANG et al.,1969; SIMILA et al, 1981). 

Neste trabalho, pesquisou-se adenovírus em aspirados de nasofaringe de crianças 

menores de 5 anos de idade com DRA, atendidas em Uberlândia, MG, no período de 

novembro de 2000 a abril de 2007. 
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Resumo 

 

Introdução: Adenovírus (AdVs) constituem importante causa de doença respiratória 

aguda (DRA), gastroenterites, conjuntivites e infecções urinárias em humanos.  

Objetivos: Detecção de AdVs por imunofluorescência indireta (IFI) e por reação em 

cadeia pela polimerase (PCR) em aspirados de nasofaringe de crianças menores de 5 anos 

de idade, com DRA, atendidas em Uberlândia, MG, assim como, comparação de dois 

testes de PCR e identificação de sorotipos de AdVs circulantes na região. 

Material e Métodos: Um total de 468 espécimes clínicos obtidos de novembro de 2000 a 

abril de 2007 foi testado pela IFI para detecção de AdVs e outros vírus respiratórios. Em 

seguida, o DNA das 126 amostras in natura que obtiveram resultado negativo 

/inconclusivo pela IFI e que também foram negativas para rinovírus pela RT-PCR, foi 

extraído por Trizol® e testado pela PCRAraújo (Araújo et al., 2001) para os AdVs. Os 

espécimes positivos para AdVs foram inoculados em células HEp-2 e A549. Além disso, o 

DNA das amostras positivas, tanto in natura quanto do raspado de cultura de células, foi 

extraído utilizando-se o kit “QIAmp DNA Mini Kit” (QIAGENTM Valencia, CA) e testado 

novamente pela PCRAraujo e pela PCRAllard (Allard et al., 2001), afim de comparar a 

sensibilidade/especificidade dos dois testes. Além disso, os sorotipos foram identificados a 

partir do seqüenciamento dos nucleotídeos de produtos de PCR positivos para AdVs. 

Resultados : Das 468 amostras, 33 (7,1%) foram positivas para AdVs, sendo 14 pela IFI e 

19 pela PCRAraujo. De 32 espécimes inoculados em cultura de células, foi possível isolar os 

AdVs de 16. A comparação dos resultados obtidos a partir do DNA das 33 amostras in 

natura, extraídas por coluna, mostrou que a sensibilidade da PCRAraujo foi ligeiramente 

superior à da PCRAllard (92,9% and 90,0%, respectivamente). Entretanto, a primeira PCR 

apresentou uma especificidade consideravelmente menor que a segunda PCR (57,9% and 

91,3% respectivamente). O sorotipo AdV2 foi detectado em quase 60,0% (7/12) dos 

identificados. 

Conclusões: Os AdVs foram detectados em 7,1% das amostras clínicas de crianças com 

DRA mediante a combinação de dois métodos, IFI e PCR. A análise da sensibilidade e da 

especificidade dos dois métodos de PCR empregados, mostrou que a PCRAllard, apresentou 

sensibilidade ligeiramente inferior à PCRAraujo e especificidade consideravelmente superior. 

O sorotipo AdV2 foi identificado em 7 das 12 amostras de AdVs seqüenciadas.  

Palavras-chave: adenovírus, sorotipos, doença respiratória aguda, crianças.  
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Abstract 

 

Background: Adenoviruses (AdVs) are important cause of acute respiratory disease 

(ARD), gastroenteritis, conjunctivitis and urinary infections in humans. 

Objectives: Detection of AdVs by immunofluorescence assay (IFA) and by polymerase 

chain reaction (PCR) in nasopharyngeal aspirates of children less than 5 years old 

presenting ARD in Uberlândia, MG, as well as, comparison of two PCR assays and 

identification of serotypes that circulated in this region. 

Study Design: A total of 468 clinical specimens was collected from November 2000 to 

April 2007 and tested by IFA for adenovirus detection and other viruses. After that, the 

DNA of the 126 in natura negative/inconclusive samples by IFA which were also negative 

for rhinovirus by RT-PCR, were extracted by Trizol® and tested by PCRAraújo (Araújo et al, 

2001) for adenovirus detection. The positive specimens for adenovirus were inoculated 

into HEp-2 and A-549 continuous cell lineages. In addition, the DNA of either, in natura 

samples and cell culture-scrapped samples, were extracted by using the QIAmp DNA Mini 

Kit (QIAGENTM Valencia, CA) and tested again by PCRAraujo and by PCRAllard (Allard et 

al., 2001) in order to compare the sensitivity/specificity of both tests. In addition, the 

serotypes were identified from the nucleotide sequencing of PCR products positive for 

adenovirus. 

 Results: From the 468 samples, 33 (7.1%) were positive for AdVs, 14 by IFA and 19 by 

PCRAraujo. From the 32 specimens inoculated in cell culture, it was possible to isolate AdVs 

in 16. The comparison of the results obtained from the DNA of the 33 in natura samples 

extracted by the QIAmp DNA Mini Kit (QIAGENTM Valencia, CA) showed that the 

sensibility of PCRAraujo was a little higher than PCRAllard (92.9% and 90.0%, respectively). 

However, the first PCR presented a lower specificity than the second one (57.9% and 

91.3%, respectively). The serotype AdV2 was detected in almost 60.0% (7/12) of those 

identified. 

Conclusions: AdVs were detected in 7.1% of the clinical samples in children with ARD 

throught the combination of two methods, IFA and PCR. The analysis of the sensibility 

and specificity of the two PCR assays, showed that PCRAllard presented a little lower 

sensibility than PCRAraujo and higher specificity. The serotype AdV2 was identified in 7 of 

the 12 AdVs sequenced samples.  

Keywords : adenovirus, serotypes, acute respiratory disease, children. 
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Introduction 

 

Acute respiratory diseases (ARDs) are the main cause of morbidity and mortality 

among children younger than 5 years old (Garbino et al., 2004), and about 5% of these 

cases are associated with adenovirus (Brandt et al., 1969). This virus belongs to the 

Adenoviridae family, which comprises 51 human serotypes, classified into six species (A-

F) (De Jong et al., 1999).  

Conventional methods of direct diagnosis for adenovirus detection include the 

isolation in cell culture and immunofluorescence assay. Isolation in cell culture presents a 

good sensitivity; however, it demands time (O'Neill et al 1996). On the other hand, 

although the immunofluorescence constitutes a rapid diagnosis method, it is relatively 

insensitive (Swenson et al., 2003). Considering this, the use of techniques such as 

polymerase chain reaction (PCR) for adenovirus detection is a good alternative since it 

offers both, fast diagnostic result and high sensitivity (Osiowy, 1998).  

In addition to adenovirus detection, determination of serotypes is of great clinical 

interest, since specific serotypes are frequently associated to the manifestation and severity 

of the disease (Hong et al., 2001). Indeed, among all identified serotypes, adenovirus 

serotype 7 (HAdV7) is the most frequently associated with serious or fatal respiratory 

disease (Carballal et al., 2002).  

The purpose of this study was to detect adenovirus by immunofluorescence assay 

and by polymerase chain reaction in Uberlândia, MG, Brazil, as well as, to compare two 

PCR assays and to identify the serotypes that circulated in this region 
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Material and Methods 

 

 

Patients and specimens - From April 2000 to April 2007, a total of 468 nasopharyngeal 

aspirate (NFA) samples were collected from children less than five years old presenting 

acute respiratory disease (ARD), in order to investigate respiratory viruses.  

NFA were collected and processed according to Ribeiro et al., 2007 at Hospital de 

Clínicas de Uberlândia (HCU) and Laboratório de Virologia/Universidade Federal de 

Uberlândia (UFU), respectively. 

The project was submitted and approved by the Ethics and Research Consil of UFU 

(annex A, B, C and D). A written consent was obtained from each child’s parent or foster 

parent (annex E). 

 

 Detection of adenovirus by indirect immunofluorescence assay (IFA) – An initial 

screening was carried out by IFA using the Respiratory Panel I Viral Screening and 

Identification kit (Chemicon International, Inc. Temecula, CA. USA), following 

manufacturer’s instructions. The definition of results (positive, negative and inconclusive) 

followed the criteria established by Queiroz et al. (2002). Samples that were negative or 

inconclusive by IFA were tested by reverse transcription-polymerase chain reaction (RT-

PCR) to detect rhinovirus and the negative ones were tested by PCR for adenovirus 

detection. 

 

Detection of adenovirus by polymerase chain reaction (PCR) - DNA of the 126 

negative or inconclusive samples by IFA and negative for rhinovirus by RT-PCR was 

extracted by Trizol® (Invitrogen Corp., Carlsbad, CA) method, following the 

manufacturer's instructions.  
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PCR was carried out using the primers described by Araújo et al, (2001), with one 

modification: an addition of one nucleotide in the reverse primer. These primers were 

based on the Hierholzer et al. (1993) ones. The sequences of the inner and outer pair of 

primers are: 5' - TGA CTT TTG AGG TGG ATC CCA TGG – 3’, 5' - GGT CTC GAT 

GAC GCC GCG GTG C - 3' and 5' - GCC GAG AAG GGC GTG CGC AGG TA- 3', 5' - 

TAC GCC AAC TCC GCC CAC GCG CT - 3', respectively. After PCR, 5 l of the 

product generated by the amplification reaction was submitted to electrop horesis on 1.5% 

agarose gel stained with ethidium bromide (0.5 g/ml) and bands were visualized under 

UV light. 

 

Isolation of adenovirus in cell culture  – Adenovirus-positive samples by IFA and/or PCR 

according to Araújo et al, 2001, were inoculated into HEp-2 and A-549 continuous cell 

lineages. Briefly, 100µl of the NFA was inoculated into each well of a 12-well polystyrene 

microplate containing a semi-confluent cellular monolayer of each cell line. The plates 

were incubated under a 5% CO2 atmosphere and at 37°C for viral adsorption. After 30 

minutes, 900 µL of Dulbecco’s minimum essential medium (Gibco-BRL Life 

Technologies) supplemented with 2% fetal calf serum was added. Cultures were observed 

daily until observation of cytopathic effect (CPE) and then cells were collected for IFA and 

PCR; When CPE was not observed cultures were maintained up to seven days and a sub-

culture was done to confirm the negativity – by IFA and PCR.  

 

Characterization of the adenoviruses : Considering that the Trizol-extracted DNA was 

insufficient for a molecular characterization, a new DNA extraction of the positive samples 

was carried out, using the QIAmp DNA Mini Kit (QIAGENTM Valencia, CA), according to 

the manufacturer's instructions. These DNA samples were submitted to another PCR assay, 
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according to (Allard et al., 2001), in order to characterize the adenovirus specimens by 

nucleotide sequencing. In addition, to compare the sensitivity/specificity of the two PCR 

assays, the first one was repeated using the same DNA aliquot extracted by the kit above 

mentioned. DNA of cell culture-scrapped samples was also extracted and tested by the two 

PCR assays.  

After PCR, 10 l of the amplified product were subjected to electrophoresis on 2% 

agarose gel stained with SYBR Safe™ DNA Gel Stain (Invitrogen Corp.,  

Carlsbad, CA). Bands were visualized under UV light.  

 

Purification of PCR products: Purification of PCR products was carried out using the 

QIAquickTM PCR purification kit (QIAGEN, Inc. Valencia, CA. USA). Then purified 

DNA was submitted to agarose gel electrophoresis and DNA concentration was 

determined by comparison to Low DNA Mass Ladder (Invitrogen Corp. Carlsbad, CA).  

 

Sequencing and phylogenetic analyses: Nucleotide sequencing of both strands of PCR 

products positive for adenovirus was carried out by using ABI Prism Big Dye Terminator 

Cycle Sequencing Ready Reaction Kit (PE Applied Bio Systems. Foster City, CA. USA). 

Nucleotide sequencing edition and phylogenetic analysis were carried out using the 

programs BioEdit (Hall, 1999) and MEGA 3.1 (Kumar et al., 2004), respectively. 

 

Statistical analysis: To analyze the sensitivity/specificity of the two PCR assays we 

compare the results obtained by these assays with the results obtained by cell culture and 

with an expanded gold standard. The last one defined a true positive sample as one that 

was positive for adenovirus in more than one assay, considering IFA, cell culture and the 
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analyzed PCR. Just the results obtained by PCR assays from in natura samples extracted 

by the DNA extraction kit were considered.  
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Results 

 

From the total of 468 children nasopharyngeal aspirates tested by IFA, 

approximately 3% (14/468) were positive for adenovirus. Using PCR in the Trizol-

extracted DNA of the 126 in natura negative/inconclusive samples by IFA which were also 

negative for rhinovirus by RT-PCR, 19 additional adenoviruses were detected, resulting in 

a total of 33 adenoviruses samples (approximately 7.1% for these viruses). Of the 32 

inoculated in cell culture, adenovirus was confirmed by IFA in 34.4% (11/32) (Table 1). 

Besides that, adenovirus was confirmed by PCR in 5 additional samples, totalizing 16 

(50%) isolates. 

Seasonal distribution of the 33 adenovirus positive cases showed that almost 50% 

(16/33) were detected during autumn, although this virus circulated in all year seasons. 

None case was detected in the studied months of 2007 (Fig. 1). The median age was 13 

months old year. No significant difference between the genders was observed.  

When submitting the DNA of the 33 in natura samples extracted by column 

method to the two PCR assays, we noticed that using primers described by Allard et al.  

(2001), 32.3% (11/33) was positive. On the other hand, when using primers described by 

Araújo et al. (2001), the detection rate increased to 63.6% (21/33). Furthermore, when 

DNA from scrapped cells of inoculated cultures of negative samples was tested, five 

additional cases were detected in both reactions (Table 2). Also, 3 in natura samples that 

were positive by IFA were not positive by none of the PCR assays. In addition, results of 4 

in natura samples that were positive by PCR from Trizol-extracted DNA were not 

reproduced by none of PCR assays that were carried out from column-extracted DNA 

(Table 2). 
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The PCR assay described by Araújo et al. (2001) showed higher sensitivity than the 

one described by Allard et al. (2001), however its specificity and positive predictive value 

were lower, according to Table 3. 

Of the 16 adenovirus positive samples by PCR according to Allard et al. (2001), we 

were able to obtain nucleotide sequence of 12 specimens. Analyses by BLAST and by 

comparison to sequences obtained from GenBank revealed that the specimens of our study 

showed high identity to sequences of species B, C and E. Also, a phylogenetic tree with the 

nucleotide sequences obtained in our study and the sequences from GenBank that showed 

high identity with ours was constructed (Fig. 2). These analyses showed that the 

characterized adenovirus specimens that circulated in this region are distributed according 

to the following: eight specimens of species C (seven AdV2 and one AdV1), three of 

species B (AdV3) and one of species E (AdV4). Upper respiratory tract involvement was 

verified in approximately 66.7% (8/12) of these cases. (Table 4).  
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Discussion 

 

The percentage of approximately 7.1% (33/468) observed for adenovirus is similar 

to earlier studies that have documented that these viruses are responsible for about 7% to 

8% of the acute respiratory disease in children (Brandt et al., 1969; Foy, 1997), which 

reinforces its importance. 

Although IFA constitutes a not expensive and rapid diagnostic method, the use of 

PCR was of great importance in the detection of these viruses, considering its higher 

sensitivity rate, which was increased from 3% to 7%. In addition, 5 samples that were 

inoculated in cell culture and had a negative result by IFA, had its isolation confirmed by 

PCR. 

Although other reports demonstrated a specificity of approximately 99% of IFA 

(Mitchell et al., 2003; Larrañaga, 2007), 21.4% (3/14) of the positive samples for 

adenovirus by IFA was negative by all other tested methods (virus inoculation in cell 

culture and PCR assay), which suggest that these results might be false-positives. This fact 

can be attributed to mistakes in the interpretation of IFA, considering the subjectivity of 

the method (Ascher & Wilber 1990; Malan, et al. 2003) and the alternation of the 

personnel during the period of the study. In addition, 4 positive cases by PCR from Trizol-

extracted DNA were not positive by the 2 PCR assays tested by using column-extracted 

DNA, even when using the same conditions of the first assay. These results indicated that 

difference in DNA extraction method may affect the sensitivity of the detection of the 

virus. 

The calculation of the sensitivity of the two PCR assays show that the reaction 

using the conditions described by Araújo et al. (2001) was more sensitive than using those 

described for Allard et al. (2001) (90.9% and 72.7%, respectively, using the virus isolation 

as a gold standard and 92.9% and 90.0%, respectively, using the previously defined 
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expanded gold standard). The fact that 4 DNA samples extracted from in natura specimens 

were positive by Araújo et al. (2001), and by Allard et al.(2001) were positive only after 

testing the DNA extracted from cell culture, emphasize these data. However, the number of 

positive cases here detected according to Allard et al. (2001) may have been 

underestimated since the Nested-PCR described by these authors, was not carried out due 

to primers shortage.  

On the other side, the specificity of PCR according to Allard et al. (2001) was much 

higher (90.5% and 52.4%, using the virus isolation as a gold standard and 91.3% and 

57.9%, using the previously defined expanded gold standard).  

It is important to mention that detection of adenovirus in samples does not mean 

that it is the etiologic agent of the disease in all cases, considering that species C 

adenoviruses can be excreted for long periods after the infection (Fox et al, 1977) and it 

was not our objective to investigate cases of coinfections. 

The detection of adenovirus circulation throughout the year is similar to what was 

reported by other authors (Viegas et al., 2004; Cabello et al., 2006). However, 

approximately one half of the cases was detected in autumn. It may have happened due to 

the higher number of specimens collected in this season.  

The serotypes identified in this study are in accordance with the literature, in which 

the more frequently involved in respiratory tract infections are AdV3, 7, 14, 16, 21 and 35 

(of species B), AdV1, 2, 5 and 6 (of species C) and AdV4 (of species E) (Hierholzer, 1989; 

Swenson et al., 2003). However, AdV4 is not very common in children (Schmitz et al., 

1983). This serotype is most frequently associated with acute respiratory disease among 

military recruits (Gaydos & Gaydos, 1995, Dingle & Langmuir, 1968). In our study, the 

nucleotide sequence of AdV4 hexon gene fragment showed 100% identity with adenovirus 
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serotype 4 isolated from basic training recruits in United States in the end of 90’s (Choi et 

al, 2006). 

In addition, we observed 100% identity between the nucleotide sequence of AdV1 

and a feline adenovirus reported by Lakatos et al., (1999) and Pring-Akerblom & Ongradi 

(only available on GenBank) (Acession numbers: AF172246 and AY512566, 

respectively). In Japan one adenovirus strain bearing feline adenovirus gene was also 

detected in a fecal specimen collected from a 1-year old child with gastroenteritis, 

providing evidence of adenovirus type 1 transmission between humans and animals (Phan 

et al., 2006).  

From the total of 4 lower respiratory tract infections cases, 3 were associated with 

specie C serotypes, although some reports have found a higher association between lower 

respiratory tract infections and specie B adenoviruses (Kajon et al., 1996, Carballal et al., 

2002, Hong et al., 2001). 

In conclusion, through the combination of IFA and PCR, it was possible to detect 

adenoviruses in 7.1% of the clinical samples in children presenting ARD.  The analysis of 

the sensibility and specificity of the two PCR assays, showed that PCR using the 

conditions described by Araújo et al. (2001) presented a sensibility higher than PCR using 

the conditions described by Allard et al. (2001), however its specificity was considerable 

lower. The serotype AdV2 was identified in 7 of the 12 PCR products positive for 

adenovirus sequenced. 

It is important to continue detecting and characterizing adenovirus in children with 

acute respiratory disease in order to better understand the association between adenovirus 

serotypes and respiratory syndromes.  
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Table 1: Results obtained by IFA, VI and PCR for adenoviruses detection in 468 specimens of NFA 

collected from children less than 5 years old, with acute res piratory disease 

 IFA PCRAraujo VI Total 

 + + + 4 
 + - + 3 

 - + + 4 

 - + - 15 

 + - - 6 

 + + NT 1 

 - NT NT 328 

 - - NT 107 

Total  468 126 32 468 
IFA: indirect immunofluorescence assay; PCR: polymerase chain reaction using the conditions described by 

Araújo et al, 2001, carried out from the Trizol-ext racted DNA; VI: virus isolation confirmed  by IFA; NT: not 

tested 
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Table 2: Comparison of two PCR assays with 33 specimens that were previously positive s pecimens for 

presence of adenovirus 

Sample no. PCRAllard PCRAraújo 

7 - + 

41 - + 

47 - + 

53 - - 

56 +* + 

103 + + 

105 + + 

121 - - 

124 - - 

125 + + 

128 +* +* 

137 - +* 

147 - - 

153 - +* 

157 + + 

179 - - 

197 + + 

201 + + 

209 +* + 

210 - + 

245 - +* 

247 - - 

251 +* + 

313 - + 

327 + + 

351 + + 

405 + + 

410 - +* 

412 - - 

415 - + 

425 +* + 

432 + + 

451 + + 

 

 

 

 

PCRAllard:  Polymerase chain react ion using the conditions described by Allard et al, 2001; PCRAraújo:  

Polymerase chain reaction using the conditions described by Araújo et al 2001. Both PCRs were performed at 

column-extracted DNA. 

+: Positive by testing DNA extracted from in natura samples 

+
*
: Negative by testing DNA extracted from in natura samples, but positive by testing DNA of cell culture-scrapped 

samples  
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Table 3: Comparison of the results obtained, from DNA extracted from in natura samples, by the two 

PCR assays in 33 specimens previously positive for adenovirus  

   Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

 VI confirmed by IFA     
PCRAllard (+) (-)     

(+) 8 2 72.7 90.5 79.9 86.3 
(-) 3 19     
       

 VI confirmed by IFA     
PCRAraújo (+) (-)     

(+) 10 10 90.9 52.4 50.0 91.7 
(-) 1 11     
       

 Expanded gold standard     
PCRAllard (+) (-)     

(+) 9 2 90.0 91.3 81.8 95.4 
(-) 1 21     
       

 Expanded gold standard     
PCRAraújo (+) (-)     

(+) 13 8 92.9 57.9 61.8 91.6 
(-) 1 11     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PCRAllard: Polymerase chain reaction according to Allard et al, 2001; PCRAraújo: Polymerase chain 

reaction according to Araújo et al, 2001; VI: Virus isolation confirmed by IFA; PPV: Positive 
predictive value; NPV: Negative predictive value. 
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Table 4: Distribution of the 12 serotyped cases according to the involvement of symptoms 

Species and serotypes URTI LRTI URTI and LRTI 
          B AdV3 2 - 1 

     

         C 
AdV1 1 - - 
AdV2 4 3 - 

     
         E AdV4 1 - - 

 
Total 8 3 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

URTI: Upper respiratory tract infection; LRTI: Lower respiratory tract infection  
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Fig. 1: Seasonal distribution of adenovirus-positive cases compared with the total number of 

collected samples during the study period. 
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Fig. 2: Phylogenetic tree referring to partial nucleotide sequences of the adenovirus hexon gene built 

with the program MEGA 3.1 by neighbor-joining method. Bootstrap values (from 1000 replicates) are 

indicated as a percentage in each node. The following published sequences were used: AdV1 (Accession 

numbers: AF 534906, AY 512566, AF 172246, DQ 149613), AdV2 (Acession numbers: AJ 293903, 

AJ293901, AJ 293905, AJ 293904), AdV3 (Acession numbers: AY 854180, AY 854179, AY 854178, AY 

854177), AdV 4 (Acession numbers: AY 337252, AY 337251, AY 337250, AY 337249) and for the 

outgroup (Acession number: KD 1264) 
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Annex C 
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Annex D 
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Annex E 

 
 

Termo de consentimento livre e esclarecido 

 
Pesquisa de vírus respiratórios e aspectos da resposta imune em es pécimes clínicos obtidos de crianças 

de 0-5 anos de idade de regiões do Triângulo Mineiro, MG  

Hospital de Clínicas da Universidade Federal de Uberlândia 

 

 

Sr. Pais/Responsáveis, 

 

Os vírus respiratórios são os principais agentes causadores de doença respiratória aguda em crianças 

menores de cinco anos de idade, razão pela qual a equipe de Virolog ia da UFU vem desenvolvendo pes quisa 

nesse assunto. 

 A detecção do agente viral que está causando a infecção em seu filho, além de auxiliar o médico a 

tratá-lo, irá fornecer in formações para trabalhos sobre mecanismos de infecção e sobre a circulação dos 

principais vírus respiratórios em nossa região. 

 É importante lembrar que a participação neste estudo é voluntária, que o nome de seu filho não será 

divulgado e que as amostras clínicas não serão utilizadas para nenhum outro estudo. 

 Se for do seu consentimento a coleta de secreção de nasofaringe (aspirado) e de     2-3mL de sangue 

de seu filho, favor assinar este documento. 

 

Uberlândia: ___/___/___ 

 

Nome do pai/mãe ou responsável: _____________________________ 

 

Assinatura: _____________________________ 

 

Médicos responsáveis: _______________________________ 

Profs. Drs. Orlando César Mantese e Hélio Lopes da Silveira  

 

Coordenadora do Projeto: 

______________________________ 

Profa. Dra. Divina A. O. Queiróz 

(34) 3218-2664 

 

Comitê de Ética em Pesquisa da UFU 

(34) 3239-4131 
 
 


