
REV ASSOC MED BRAS. 2013; 59(1):78-84

www.ramb.org.br

Revista da

ASSOCIAÇÃO MÉDICA BRASILEIRA

Review article

Update on viral community-acquired pneumonia☆

Ozéas Galeno da Rocha Neto*, Ricardo Ferreira Leite, Bruno Guedes Baldi
Division of Pneumology, Instituto do Coração, Hospital das Clínicas, Medical School, Universidade de São Paulo (USP), São Paulo, SP, Brazil

ARTICLE INFO

Article history:

Received 8 September 2012

Accepted 12 September 2012

Keywords:

Viral pneumonia 

Diagnosis

Therapeutics

A B S T R A C T

Viral pneumonia is a prevalent cause of respiratory infection in immunocompetent adults. 

It has varied presentation, from mild to severe respiratory failure, requiring mechanical 

ventilation. However, in Brazil, there have been few studies on the clinical presentation 

and diagnosis of this infection. Thus, the authors of the present article intend to review the 

main viral agents that cause community-acquired pneumonia and to discuss the currently 

available diagnostic and therapeutic methods.
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Introduction

Pneumonia remains as one of the leading causes of worldwide 
morbidity and mortality1 and, in spite of recent advances in 
the field of diagnosis, it has been estimated that the causative 
infectious agent is accurately identified in less than 50% of 
cases.2 

In Brazil, the majority of studies on community-acquired 
pneumonia address mostly treatment options and clinical 
outcomes, and little is known about the local microbiological 
standards.2 

Bacteria remain as the main group of identified pathogens, 
but the actual role of other agents such as fungi, protozoa, and 
viruses is yet to be elucidated. 

Palavras-chave:
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Atualização em pneumonia comunitária viral

R E S U M O

A pneumonia de origem viral é uma causa prevalente de infecção respiratória em adultos 

imunocompetentes. Tem apresentação variada, ocasionando desde formas leves a quadros 

graves de insuficiência respiratória com necessidade de ventilação mecânica. Contudo, 

em nosso país, há poucos estudos a respeito da apresentação clínica e diagnóstico dessa 

infecção. Dessa forma, os autores do presente artigo têm por objetivo revisar os principais 

agentes virais causadores de pneumonia na comunidade e discutir as modalidades 

diagnósticas e terapêuticas disponíveis atualmente.
© 2013 Elsevier Editora Ltda. Todos os direitos reservados.
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Although viruses have been identified as an important 
cause of community-acquired pneumonia, only recently, 
mainly due to the 2009 pandemic, there has been a greater 
interest in the role of these agents.3 Among the main viruses 
that cause pneumonia in immunocompetent adults are the 
influenza virus, the respiratory syncytial virus (RSV), the 
adenovirus, and the human parainfluenza virus (HPIV). The use 
of new molecular techniques has allowed the identification of 
viruses that were seldom identified before, such as rhinovirus, 
metapneumovirus, and coronavirus.1,4

This review aims to demonstrate the modalities of 
complementary assessment and the currently available 
treatment options, and to discuss the main viruses implicated 
in the pathogenesis of community-acquired pneumonia in 
immunocompetent adults.  

Complementary diagnostic investigation

The incidence of viral pneumonia has increased significantly 
in recent years, and, depending on the agent virulence and 
patient comorbidities, its presentation may range from mild 
and self-limiting to extremely severe cases, with respiratory 
failure. The results of laboratory tests, clinical outcomes, and 
specific patterns identified on imaging studies, considered 
in the past as reliable identifiers of the infection etiology, 
are nonspecific, and their importance in diagnosis remains 
uncertain.5 Thus, the use of new complementary laboratory 
tests with higher sensitivity and specificity contributes to the 
definitive diagnosis, optimizing the treatment of this disease.3 

However, it should be noted that the isolation of these 
agents does not necessarily mean an active infection. In this 
context, it is essential to know the diagnostic options for 
identification of viruses, as well as the limitations of each 
method for adequate clinical interpretation.

The currently validated methods to define the etiology of 
viral infection, summarized in Table 1, are serology, culture, 
cytological evaluation, rapid detection of antigens, and gene 
amplification techniques, even though they are not widely 
available and are often costly.  

Serological analysis

Virtually all viruses can be diagnosed through serology. 
However, it is necessary to collect paired blood samples (acute/
convalescent phases), as a four-fold titer increase in relation 
to the first sampling is necessary to confirm the diagnosis. 
Therefore, serology is not routinely used, as it has been shown 
to be of little use in the acute phase of the disease, because 
titers rarely increase at this stage.4

In the study’s  setting, serology is available for many of the 
community respiratory viruses such as adenovirus, RSV, and 
seasonal influenza. 

Cultures 

Viral culture can also be employed for most of the respiratory 
viruses, with the long time necessary to obtain the results 
being a disadvantage, as well as the need for specific culture 
mediums.4 

To perform the cultures, tissue samples from the upper 
and/or lower airways, sputum, and nasopharyngeal and 
bronchoalveolar lavage can be used.4 The cytopathic effects 
of the viruses are observed in cell cultures, such as the 
formation of syncytial collections of multinucleated giant 
cells, or evidence of viral growth. The subsequent identification 
of specific viruses in cell cultures may be accomplished by 
immunofluorescence techniques (direct or indirect), or nucleic 
acid probes.4 Other disadvantages of this method are high cost, 
low availability in clinical practice, and also the low yield for 
some specific agents such as RSV, human metapneumovirus, 
and coronavirus.4 

Cytological assessment 

This model can use samples from respiratory tissues and 
also secretions such as nasal and bronchoalveolar lavage. 
The technique aims at identifying nuclear (virus DNA) or 
cytoplasmic (virus RNA) inclusions, which are normally 
present in infected cells. The identification of the presence of 
such inclusions confirms the diagnosis.4

Table 1 – Options available for diagnostic investigation of the major pneumonia-causing viruses in the community. 

Virus Serology Culture Cytological assessment Rapid detection of 
antigens Gene amplification 

Influenza + HA/SV – IF/ELISA RT-PCR

RSV + CE/SV eosinophilic cytoplasmic inclusions IF/ELISA RT-PCR

Adenovirus + CE/SV intranuclear inclusions IF/ELISA RT-PCR

Parainfluenza - HA/SV eosinophilic cytoplasmic inclusions IF/ELISA RT-PCR

RSV, respiratory syncytial virus; IF, immunofluorescence; HA, hemagglutination; SV, shell viral culture; CE, cytopathogenic effects; ELISA, 
enzyme-linked immunosorbent assay; RT-PCR, reverse transcriptase polymerase chain reaction. 
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The disadvantage of this method is its low sensitivity, so that 
the absence of these findings cannot rule out active disease. 4

Rapid antigen detection

These are rapid tests performed   in easily obtainable 
specimens, such as nasal swab or wash. The enzyme-linked 
immunosorbent assay (ELISA) test is available for most 
pathogenic respiratory viruses; it is capable of detecting viral 
antigens, whereas the immunofluorescence requires intact 
infected cells. Both methods have varied sensitivity and 
specificity, depending on the agent analyzed. Specificity for 
seasonal influenza, for instance, is approximately 90% and 
sensitivity is 60%. However, when the suspected agent is the 
H5N1 influenza virus, the yield is extremely low, and therefore 
not recommended for confirmation of infection by this agent.4

The antigens remain positive for weeks, but are 
less sensitive than viral culture and can be used in a 
complementary way to increase the diagnostic yield of the 
sampled material.6

Gene amplification 

The polymerase chain reaction (PCR) or reverse transcriptase-
polymerase chain reaction (RT-PCR) techniques are 
extremely sensitive and specific to detect virus presence. 
It is the examination of choice for most respiratory viruses 
and, if available, should be employed together with the 
aforementioned diagnostic methods. The current development 
of this technique has allowed the knowledge of new causative 
agents of bronchiolitis and pneumonia in both pediatric and 
adult populations.7

This method can be applied to samples of nasopharyngeal 
or bronchial secretion swabs, and has the advantage that 
it can be performed in other body fluids such as blood 
of immunocompromised patients suspected of having 
cytomegalovirus infection.4

A new molecular technique called multiplex reverse 
transcriptase polymerase chain reaction (MRT-PCR) allows 
for the rapid detection of several respiratory viruses 
such as influenza A and B; RSV A and B; HPIV 1, 2, and 3; 
metapneumovirus; and adenovirus. Its disadvantage is the 
low sensitivity for H1N1 influenza, described by the method 
as nontypeable.8

Etiological agents, manifestations and treatment

Influenza

Influenza is an RNA virus of the Orthomyxoviridae family and 
three serotypes, A, B, and C, have been described. These viruses 
are responsible for approximately 4% to 8% of pneumonia 
cases in healthy adults, and higher rates were found during 
outbreaks and epidemics.9,10

Influenza A can be disseminated by aerosols and affect 
the entire respiratory tract. Commonly, it is the most virulent 
serotype, comprising a number of other subtypes. Influenza 

B usually causes disease in populations confined to closed 
spaces, such as daycare centers and boarding schools. 
Influenza C is the least common serotype, and is found as 
pathogenic agent in sporadic reports.10 

Influenza viruses A and B are responsible for approximately 
50% of community-acquired viral pneumonia in adults. Their 
impact is greater in the elderly and other at-risk populations 
such as pregnant women, immunocompromised patients, 
and patients with chronic diseases, especially heart and lung 
diseases.10

Recently, a subtype of influenza A, H1N1, known as the 
swine-flu agent, has emerged as an important and threatening 
pandemic, severely affecting immunosuppressed patients such 
as transplant recipients and other high-risk populations such 
as pregnant women, obese patients, and those with heart 
and lung disease. The affected individuals were generally 
younger than those affected by seasonal influenza.11,12 It has 
been estimated that there were approximately 16,226 deaths 
from April 2009 to January 2010 according to estimates by 
the World Health Organization. In Brazil, 10% to 30% of the 
admitted patients required admission to an intensive care unit, 
and of the total, 60% to 88% required mechanical ventilation. 
The mortality rate for H1N1 in the country was 70 deaths per 
100,000 inhabitants.12,13

Infection by the influenza virus leads to cell death, 
especially in the upper airways. When the virus infects 
the lower airways directly, there may be bleeding without 
proportional accumulation of inflammatory cells. There is 
also mucociliary clearance impairment, which may determine 
bacterial adherence to the respiratory epithelium. Impaired 
function of T-cells, macrophages, and neutrophils also occurs, 
which leads to decreased host defenses. All these events 
together facilitate the frequently observed concomitant 
bacterial infection.14

The incubation period is one to two days and symptoms 
typically last three to five days. There are three clinical 
presentations: primary influenza pneumonia, influenza 
infection with secondary bacterial pneumonia, and 
simultaneous coinfection (viral and bacterial).14

Primary pneumonia manifests as persistent cough, 
pain in the throat, headache and myalgia for over five 
days, associated with the onset of progressive dyspnea 
and cyanosis. This is the less common, albeit more severe, 
presentation. Influenza pneumonia with secondary bacterial 
infection is characterized by intensification of high fever, 
cough, and purulent sputum after initial improvement, 
associated with the appearance of new opacities on chest 
radiography. The main agents involved are Streptococcus 
pneumoniae (48%), Staphylococcus aureus, and Haemophilus 
influenzae .  Pneumonia caused by viral and bacterial 
coinfection manifests similarly to pneumonia with secondary 
bacterial infection, but there is no initial improvement. 
In this context, both the virus and the bacterial agent are 
isolated together in the microbiological analysis.14

Inflammatory markers such as C-reactive protein and 
procalcitonin are also of little use when differentiating 
between bacterial and viral pneumonia, as the most severe 
cases, as observed in the H1N1 pandemic, showed high levels 
of these two substances in patients with viral pneumonia.15
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Fig. 1 - Coronal (A) and axial (B) views of chest CT scan in 
a patient with pneumonia caused by seasonal influenza A 
virus, showing diffusely distributed ground-glass opacities. 

The pulmonary and radiological alterations are nonspecific 
and can be seen as perihilar and peribronchial opacities, 
consolidations, and diffuse bilateral interstitial opacities, 
especially in more severe forms of the disease or in 
neutropenic patients (Fig. 1).16

The influenza virus can be isolated in sputum, nasal lavage, 
or nasal and pharyngeal swabs, with lower yield for the latter 
in culture medium. 90% of the positive cultures are detected 
within three days of inoculation and the remainder up to the 
seventh day. Rapid tests have high specificity for influenza 

Amantadine and rimantadine have been approved for 
prevention and treatment, and are not effective against 
influenza B. They work by blocking the ion channels of the 
viral M2 protein and inhibit its decapsulation. Its use should be 
indicated within 48 hours of symptom onset in uncomplicated 
cases, but its effectiveness has not been tested in severe 
pneumonia. Furthermore, many strains are now resistant 
to these drugs, thus they should not be recommended as an 
empirical single-drug therapy.3

Oseltamivir and zanamivir are drugs that block the surface 
protein neuraminidase and trap the virus within the infected 
respiratory epithelium, preventing its dissemination. They too 
should be preferably administered within 48 hours of symptom 
onset. They are active against influenza A and B, and have low 
potential to induce resistance, although some cases have been 
described in the United States during the H1N1 pandemic. In 
cases of severe pneumonia, medication can be provided even 
after 48 hours of symptom onset.18 

When there is potentially fatal respiratory failure, as in 
many cases of the H1N1 pandemic, rescue maneuvers for 
refractory hypoxemia, such as recruitment and ventilation 
in the prone position, may be instituted in combination with 
antiviral therapy.19

Respiratory syncytial virus 

RSV is part of the Paramyviridae family, and is the most 
common cause of lower respiratory infection in children.20 
It has currently been identified as an important cause of 
pneumonia in adults, especially in the elderly, and has become 
the second most frequent cause among the viruses found in 
this population. RSV is highly contagious, spreading through 
droplets and fomites. The population at risk consists mainly 
of children younger than six months; patients with chronic 
diseases, such as cystic fibrosis; patients with congenital 
heart disease; institutionalized elderly individuals; and 
immunosuppressed patients.21 The overall mortality in adults 
varies according to the immune status, from 1% to 5% in 
healthy adults to 41% in bone marrow transplant recipients.22 

Table 2 – Main drugs used to treat the principal viruses that cause community-acquired pneumonia

Action mechanism Drugs Posology Virus

Neuraminidase Inhibitors Oseltamivir
 
Zanamivir

75-150 mg twice a day
 for five days (oral route)

10 mg twice a day for five days (aerosol)

Influenza A and B

M2 protein inhibitors Amantadine

Rimantadine

100 mg twice a day for five days (oral route)

200 mg once a day for five days (oral route)

Influenza A

Unknown Ribavirin (20 mg/mL) 18 hrs/day (aerosol) for three to six days with a 
nebulizer

RSV
Adenovirusa

Parainfluenza

RSV, respiratory syncytial virus. 
aFor adenovirus, consider the association with cidofovir (5 mg/Kg – once a week, IV route).

viruses A and B (85% to 100%), but low sensitivity (40% to 80%).
It is noteworthy that in suspected H5N1 cases, this test 

is not recommended, as the RT-PCR analysis has greater 
diagnostic usefulness. Histological assessment is another 
possible diagnostic option, achieved by ultrastructural analysis 
through lung biopsy.17

The treatment must be performed with supportive measures 
such as supplemental oxygen, analgesics, antipyretics, and 
antiviral therapy in selected cases. The drugs approved for the 
treatment of influenza infection are amantadine, rimantadine, 
oseltamivir, and zanamivir (Table 2).17
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RSV is rarely diagnosed in adults. The infection is 
characterized by persistent symptoms in the upper airways, 
such as runny nose, earache, and sore throat, associated with 
prolonged cough (whether dry or productive), dyspnea, and 
wheezing; it may cause bronchitis, bronchiolitis, and severe 
pneumonia requiring mechanical ventilation. Compared to the 
influenza virus infection, a higher frequency of rhinorrhea and 
purulent sputum is observed, as well as a lower frequency of 
fever and gastrointestinal symptoms.23 

Some inflammatory markers obtained from airways and blood, 
such as soluble intercellular adhesion molecule type I (sICAM-1), 
interleukin 10 (IL-10), and IL-6 were tested in children and appear 
to show a positive correlation, at higher concentrations, with the 
severity and duration of hospitalization.24 

The pulmonary radiological findings associated with RSV 
infection are nonspecific; bilateral alveolar opacities and 
interstitial alterations are described in most cases, similar to 
those observed in influenza virus infection.21,22

The virus can be isolated in culture, where the highest yield 
is found in samples of nasopharyngeal lavage and tracheal 
secretions. In immunosuppressed patients, a positive culture is 
found in up to 15% of nasopharyngeal lavage samples, in up to 
71% of tracheal secretions, and in up to 89% of bronchoalveolar 
lavage. Rapid tests for detection of viral antigens have a 
sensitivity of 50% to 90% and a high specificity (90%-95%). Gene 
amplification with RT-PCR is also available.23

Ribavirin works by preventing viral transcription and is 
the only currently available antiviral drug for the treatment 
of RSV pneumonia (Table 2). The current recommendation is 
that the medication should only considered for severe cases 
or in patients at high risk of complications. Intravenous 
immunoglobulin specific for RSV (palivizumab) can also be 
used in combination with ribavirin in critically-ill patients and 
those at high risk for complications, especially in bone marrow 
transplant recipients.24 

Adenovirus

Adenovirus is a highly contagious DNA virus, and there are 52 
different serotypes. Adenovirus infection can occur at any time 
of the year, accounting for approximately 10% of pneumonias 
in children. Historically, this virus is also identified as an 
important causative agent of respiratory infection outbreaks 
in military bases in the United States.25  

Its serotypes are classified into seven subgroups or species 
(A to G), and pulmonary infections are caused predominantly 
by serotypes 1, 2, 3, 4, 5, 7, 14, and 21. Although it is a virus 
that determines low mortality, subtype 14 can cause severe 
respiratory failure in susceptible patients, such as solid-organ 
transplant recipients, individuals with HIV infection, and 
patients with other types of impaired cell immunity, although 
there are reports of fatal cases in the postoperative period after 
cardiac surgery in previously immunocompetent patients.26 
Adenovirus dissemination occurs by direct inoculation into the 
conjunctiva, aerosol, feces, and fomites; the virus is capable of 
surviving in contaminated areas of the environment for several 
weeks. Viral reactivation can also occur in immunosuppressed 
patients, resulting in several clinical syndromes, including 
keratoconjunctivitis, gastroenteritis, hepatitis, and 

hemorrhagic cystitis, associated or not with pneumonia. 
Pneumonia mortality rates range from 38% to 100%, especially 
in bone marrow transplant recipients.27   

The clinical picture is characterized by fever, cough, runny 
nose, sore throat, tonsillitis, and otitis media, with a mean 
duration of three to five days. Leukocytosis and elevated 
inflammatory activity can be observed, and it is important to 
differentiate from bacterial infections. Pulmonary opacities are 
often reticulonodular in radiological images, but consolidations 
can also be observed.27,28 

Respiratory secretion cultures can be performed to confirm 
the diagnosis, which can be demonstrated by cytopathic effects 
two to 20 days after onset. Serotype 14 can be diagnosed by 
rapid antigen detection and PCR techniques, especially in 
immunosuppressed patients.27,28

There are no controlled studies regarding the best treatment 
option, or which drug is more adequate for each specific clinical 
syndrome. Thus, the use of antivirals is based on recommendation 
from experts and case reports. The drugs that can be used are 
ribavirin, cidofovir, ganciclovir, and vidarabine, with a larger 
number of reports favoring the combined therapy with cidofovir/
ribavirin, especially in patients with a history of unfavorable 
evolution and bone marrow transplantation (Table 2).28

Human parainfluenza virus

HPIV is a paramyxovirus classified into four subtypes (1, 2, 3, 
and 4). This virus is the second most common cause of viral 
infection in children, accounting for approximately 30% to 40% 
of respiratory infections; it is also identified as a causative 
agent of pneumonia in adults (mainly HPIV serotypes 1 and 
3). Transmission can occur through direct contact with the 
infected host, by respiratory droplets, or by fomites.29

Once installed, the infection causes the secretion of high 
levels of inflammatory cytokines such as interferon alpha, 
IL-2, IL-6, and tumor necrosis factor alpha (TNF-alpha). These 
mediators are responsible for the abundant production of 
mucus in the respiratory epithelium, submucosal edema, and 
vocal cords, which can determine the partial obstruction of the 
upper airway and the characteristic stridor of this disease.29

The incubation period lasts one to three days and the 
characteristic symptoms of croup, such as hoarseness and 
stridor (steeple sign), common in children, are less prevalent 
in immunocompetent adults. HPIV-3 is the primary strain 
causing bronchiolitis and pneumonia, leading to the onset of 
nonspecific symptoms such as fever, runny nose, wheezing, 
dry cough, and dyspnea. The symptoms can mimic a number of 
other respiratory infections, especially in immunosuppressed 
individuals; the identification of marked upper airway 
involvement, such as sinusitis and stridor, is an important 
clue for diagnosis. Reports of bronchiolitis obliterans with 
organizing pneumonia and giant-cell pneumonia have also 
been described after infection by this agent.29

From the radiological point of view, the alterations often 
observed are the focal alveolar opacities, although a diffuse 
interstitial pattern has also been described. A previous study 
showed that infection may be associated with the presence 
of multiple noncavitated nodules < 5 mm with peribronchial 
distribution.29,30 
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Isolation by culture can be carried out preferably in nasal 
secretions. RT-PCR is the faster and most sensitive diagnostic 
method.29,30

Supportive care is usually enough, and specific therapy 
should be recommended only for patients at high risk or with 
severe symptoms. In these cases, the agent of choice, based on 
in vitro study and a case study, is oral or aerosolized ribavirin 
(Table 2).31

Other agents

With the advancement of diagnostic methods and greater 
access to PCR, other agents such as metapneumovirus, 
rhinovirus, and coronavirus have been currently recognized 
as causing community-acquired pneumonia.32

The human metapneumovirus is a relatively new virus as 
a respiratory pathogen, and was initially described in 2001 
in the Netherlands. This virus belongs to the same family 
as RSV and HPIV, is usually acquired in early childhood, and 
causes bronchiolitis, croup, and pneumonia. Reinfection can 
occur in adulthood, with the most severe cases affecting 
the elderly, individuals with heart and lung disease, and 
immunocompromised patients. The incubation period is 
approximately five days; the clinical picture is similar to that 
of other viruses, with nasal congestion, coughing, wheezing, 
fever, and dyspnea. Hoarseness is the most common finding 
in RSV infection. Chest images show bilateral alveolar 
opacities in 43% of cases, and nodular opacities and pleural 
effusion can also occur. It is a difficult virus to isolate in 
cultures, with extremely slow replication rates. RT-PCR is 
the method of choice for the diagnosis.33 The treatment is 
yet to be well established, but the use of ribavirin alone or in 
combination with immunoglobulin appears to be promising 
in more severe cases.34 

Coronaviruses have been recognized as causing pneumonia 
after a serious epidemic in China during 2003. Four human 
subtypes have been recognized: HCoV-229E, HCoV-OC43, 
HCoV-NL63, and HCoV-HKU1. The incubation period of 
coronavirus-associated infection is of two to five days; the 
most common symptoms are myalgia, chills, and dyspnea, 
with possible progression to respiratory failure, while fever 
is uncommon. Other findings that may be observed are 
thrombocytopenia, elevated levels of transaminases, and 
D-dimer. The radiological pattern is nonspecific, commonly 
demonstrating diffuse pulmonary ground-glass opacities 
on chest tomography. Cases of pneumomediastinum have 
also been reported.35,36 In cases of severe outcome, protease 
inhibitors, such as lopinavir and ritonavir, and interferon-
alpha and -beta can be administered. There is no evidence of 
efficacy for ribavirin use.37 

The Rhinovirus, a member of the Picornaviridae family, is 
the major cause of colds in the general population, and it is 
the second most prevalent agent as the cause of bronchiolitis 
in the pediatric population - in some studies, it has been 
shown to be the agent more often related to exacerbations 
in asthmatic children.38 Although controversial, some studies 
have shown a prevalence of this virus in up to 30% of cases 
of severe pneumonia hospitalized in intensive care.39 The 
diagnosis is difficult; it is attained through PCR techniques, 

as other methods (such as serological tests and cultures) 
are not feasible, and the rapid detection of antigens is not 
standardized.40 

Final considerations

As observed in the most recently published studies, 
viruses have been increasingly considered as the cause 
of serious respiratory infections or co-infections, even in 
immunocompetent patients. In this context, it is essential to 
consider the presence of these pathogens as potential causes 
of lung disease, and to increase the capacity to identify them. 
Together with the greater possibility of diagnosing viral 
infections, it will be feasible not only to increase the knowledge 
on epidemiological profile of viral community-acquired 
pneumonia, but also to plan better therapeutic and prevention 
strategies for society. 

Conflict of interest

All authors declare to have no conflict of interest.

R E F E R E N C E S

1. Conterno LO, Moraes FYM, Silva Filho CR. Implementation 
of community-acquired pneumonia guidelines at a public 
hospital in Brazil. J Bras Pneumol. 2011;37(2):152-9.

2. Donalisio MR, Arca CH, Madureira PR. Clinical, epidemiological, 
and etiological profile of inpatients with community-acquired 
pneumonia at a general hospital in the Sumaré microregion of 
Brazil. J Bras Pneumol. 2011;37(2):200-8.

3. Figueiredo LTM. Viral pneumonia: epidemiological, clinical, 
pathophysiological and therapeutic aspects. J Bras Pneumol. 
2009;35(9):899-906.

4. Jennings LC, Anderson TP, Beynon KA, Chua A, Laing RT, 
Werno AM, et al. Incidence and characteristics of viral 
community-acquired pneumonia in adults. Thorax.  
2008; 63(1):42-8.

5. Baldacci ER. Que evidências temos para o diagnóstico 
diferencial inicial entre pneumonia bacteriana e viral?. Rev 
Assoc Med Bras. 2003;49(3): 225-43.

6. Falsey AR, McCann RM, Hall WJ, Criddle MM. Evaluation of 
four methods for the diagnosis of respiratory syncytial virus 
infection in older adults. J Am Geriatr Soc. 1996;44(1):71-3.

7. Nascimento MS, Souza AV, Ferreira AVS, Rodrigues 
JC, Abramovici S, Silva Filho LVF. High rate of viral 
identification and coinfections in infants with acute 
bronchiolitis. Clinics. 2010;65(11):1133-7.

8. Osiowy C. Direct detection of respiratory syncicial virus, 
parainfluenza virus, and adenovirus in clinical respiratory 
specimens by multiplex reverse transcription-PCR assay. J 
Clin Microbiol. 1998;36(11):3149-54.

9. Johnstone J, Majumdar SR, Fox JD, Marrie TJ. Viral 
infection in adults hospitalized with community-acquired 
pneumonia: prevalence, pathogens and presentation. Chest. 
2008;134(6):1141-8.

10. Angeles Marcos M, Camps M, Pumarola T, Antonio Martinez 
J, Martinez E, Mensa J, et al. The role of viroses in the 
aetiology of community-acquired pneumonia in adults. 



84 REV ASSOC MED BRAS. 2013; 59(1):78-84

Antivir Ther. 2006;Vol. 11:351-9.
11. Bacal F, Seguro LF, Ogawa T, Mangini S, Fiorelli A, Bocchi E. 

Influenza A (H1N1) pneumonia in an immunossupressed 
patient after heart transplantation. Arq Bras Cardiol.  
2009;93(6):e104-e106.

12. Schout D, Hajjar LA, Galas FRBG, Uip DE, Levin ASS, 
Caiaffa Filho HH. Epidemiology of human infection with 
the novel virus influenza a (H1N1) in the Hospital das 
Clínicas, São Paulo, Brazil – June-September 2009. Clinics. 
2009;64(10):1025-30.

13. Toufen Jr. C, Costa ELV, Hirota AS, Li HY, Amato MBP, 
Carvalho CRR. Follow-up after acute respiratory distress 
syndrome caused by influenza a (H1N1) virus infection. 
Clinics. 2011;66(6):933-7.

14. Kallan AJ, Brunkard J, Moore Z, Budge P, Arnold KE, Fosheim 
G, et al. Staphylococcus aureus community-acquired 
pneumonia during the 2006 to 2007 influenza season. Ann 
Emerg Med. 2009;53(3):358-65.

15. Paiva MBS, Botoni FA, Teixeira Junior AL, Miranda AS, 
Oliveira CRA, Jamila Abrahão JO, et al. The behavior 
and diagnostic utility of procalcitonin and five other 
inflammatory molecules in critically ill patients with 
respiratory distress and suspected 2009 influenza a H1N1 
infection. Clinics. 2012;67(4):327-34.

16. Rodrigues RS, Marchiori E, Bozza FA, Pitrowsky MT, Velasco 
E, Soares M, et al. Chest computed tomography findings 
in severe influenza pneumonia occurring in neutropenic 
cancer patients. Clinics. 2012;67(4):313-8.

17. Capelozzi VL, Parra ER, Manoel Ximenes M, Bammann H, 
Barbas CSV, Duarte MIS. Pathological and ultrastructural 
analysis of surgical lung biopsies in patients with swine-
origin influenza type A/H1N1 and acute respiratory failure. 
Clinics 2010;65(12):1229-37.

18. Hayden FG, Atmar RL, Schilling M, Johnson C, Poretz D, 
Paar D, et al. Use of the selective oral neuraminidase 
inhibitor oseltamivir to prevent influenza. N Eng J Med. 
1999;341(18):1336-43.

19. Biatto JFP, Costa ELV, Pastore L, Kalla’s EG, Deheinzelin 
D, Schettino G. Prone position ventilation, recruitment 
maneuver and intravenous zanamivir in severe refractory 
hypoxemia caused by influenza A (H1N1). Clinics. 
2010;65(11):1211-3.

20. Queiróz DAO, Durigon EL, Botosso VF, Ejzemberg B, Vieira 
SE, Mineo JR, et al. Immune response to respiratory 
syncytial virus in young brazilian children. Braz J Med Biol 
Res. 2002;35:1183-93.

21. Oliveira TFM, Freitas GRO, Ribeiro LZG, Yokosawa J, Siqueira 
MM, Portes SAR, et al. Prevalence and clinical aspects of 
respiratory syncytial virus A and B groups in children seen 
at Hospital de Clínicas of Uberlândia, MG, Brazil. Mem Inst 
Oswaldo Cruz. 2008;103(5):417-22.

22. Dowell SF, Anderson J, Gary HE, Erdman DD, Pouffe JF, File 
TM, et al. Respiratory syncytial virus is an important cause 
of community acquired lower respiratory infection among 
hospitalized adults. J Infect Dis. 1996;174(3):456-62.

23. Vieira RA, Diniz EMA, Ceccon MEJR. Correlation between 
inflammatory mediators in the nasopharyngeal secretion 
and in the serum of children with lower respiratory tract 
infection caused by respiratory syncytial virus and disease 
severity. J Bras Pneumol. 2010;36(1):59-66.

24. Moscona A. Management of respiratory syncytial virus 

infections in the immunocompromised child. Pediatr Infect 
Dis J. 2000;19(3):253-4

25. Hilleman MR. Epidemiology of adenovirus respiratory 
infections in military recruit populations. Ann N Y Acad Sci. 
1957;67(8):262-72.

26. Castelli JB, Siciliano RF, Vieira RD, Aiello VD, Strabelli 
TMV. Fatal adenoviral necrotizing bronchiolitis case in a 
post-cardiac surgery intensive care unit. Braz J Infect Dis. 
2011;15(3):285-7.

27. Shields AF, Hackman RC, Fife KH, Corey L, Meyers JD. 
Adenovirus infections in patients undergoing bone-marrow 
transplantation. N Engl J Med. 1985;312(9):529-33.

28. Bordigoni P, Carret AS, Venard V, Witz F, Le Faou A. 
Treatment of adenovirus infections in patients undergoing 
allogenic hematopoietic stem cell transplantation. Clin 
Infect Dis. 2001;32(9):1290-7.

29. Lewis VA, Champlin R, Englund J, Couch R, Goodrich JM, 
Rolston K, et al. Respiratory disease due to parainfluenza 
virus in adult bone marrow transplant recipients. Clin Infect 
Dis. 1996;23(5):1033-7.

30. Templeton KE, Scheltinga SA, van den Eeden WC, 
Grafffelman AW, van den Broek PJ, Claas EC. Improved 
diagnosis of the etiology of community-acquired 
pneumonia with real-time polymerase chain reaction. Clin 
Inf Dis. 2005;41(3):345-51.

31. Chakrabati S, Colingham KE, Holder K, Fegan CD, Osman 
H, Milligan DW. Pre-emptive oral ribavirin therapy of 
paramyxovirus infections after haematopoiestic stem cell 
transplantation: a pilot study. Bone Marrow Transplant. 
2001;28(8):759-63.

32. Ruuskanen O, Lahti E, Jennings LC, Murdoch DR. Viral 
pneumonia. Lancet. 2011;377:1264-75.

33. van den Hoogen BG, de Jong JC, Groen J, Kuiken T, de 
Groot R, Fouchier RA, et al. A newly discovered human 
pneumovirus isolated from young children with respiratory 
tract disease. Nat Med. 2001;7(6):719-24.

34. Safdar A. Immune modulatory activity of ribavirin for 
serious human metapneumovirus disease: early I.V. 
therapy may improve outcomes in immunosuppressed SCT 
recipients. Bone Marrow Transplant. 2008;41(8):707-8.

35. Zhong N, Zheng N, Li Y, Poon, Xie ZH, Chan KH, et al. 
Epidemiology and cause of severe acute respiratory 
syndrome (SARS) in Guangdong, People’s Republic of China, 
in February, 2003. Lancet. 2003;362:1353-8.

36. Tsang K, Ho P, Ooi G, Yee WK, Wang T, Chan-Yeung M, et al. 
A cluster of cases of severe acute respiratory syndrome in 
Hong Kong. N Eng J Med. 2003;348:1977-85.

37. Chu CM, Cheng VC, Hung IF, Wong MM, Chan Kh, Chan 
KS, et al. Role of lopinavir/ritonavir in the treatment of 
SARS: initial virological and clinical findings. Thorax. 
2004;59(3):252-6.

38. Carvalho WB, Johnston C, Fonseca MC. Bronquilite aguda, 
uma revisão atualizada. Rev Assoc Med Bras. 2007;53(2):182-8.

39. Choi SH, Hong SB, Ko GB, Lee Y, Park HJ, Park SY, et al. Viral 
infection in patients with severe pneumonia requiring 
intensive care unit admission. Am J Resp Crit Care Med. 
2012;186(4):325-32.

40. Malmström K, Pitkäranta A, Carpen O, Pelkonen A, 
Malmberg LP, Turpeinen M, et al. Human rhinovirus in 
bronchial epithelium of infants with recurrent respiratory 
symptoms. J Allergy Clin Immunol. 2006;118(3):591-6.


