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Viruses account for a substantial portion of respiratory illnesses, including pneumonia, in the elderly population. Presently,

influenza virus A H3N2 and respiratory syncytial virus are the most commonly identified viral pathogens in older adults

with viral pneumonia. As diagnostic tests such as reverse-transcription polymerase chain reaction become more widely used,

the relative importance of additional viruses (such as parainfluenza, rhinoviruses, coronaviruses, and human metapneu-

movirus) will likely increase. Influenza virus should be considered as a cause of pneumonia during the winter months,

especially during periods of peak activity. Patients with high-grade fever, myalgias, and cough should arouse the highest

suspicion. Respiratory syncytial virus pneumonia should also be suspected during the winter in patients with coryza, wheezing,

low-grade fever, and patchy infiltrates, especially if negative for influenza on rapid testing. Because clinical features and

periods of activity for many viruses overlap, laboratory confirmation of influenza is recommended for cases involving seriously

ill or institutionalized patients.

Viruses cause the largest proportion of cases of childhood pneu-

monia. In contrast, viral pneumonia is relatively uncommon

during the reinfections during young adulthood. With ad-

vancing age and inevitable development of comorbidities, vi-

ruses once again may cause serious illness and pneumonia.

Although acute respiratory infection rates steadily decrease with

advancing age, rates of hospitalization and death increase sub-

stantially in persons aged 160 years. Multiple factors, such as

declines in respiratory and immune function, likely contribute

to increased morbidity (table 1) [1–3]. Immune dysregulation

and waning cellular immune function may impair viral clear-

ance, allowing spread of the virus to lower airways, with in-

creased inflammation.

Studies of community-acquired pneumonia (CAP) in adults

indicate a viral etiology in 1%–23% of cases, with influenza

virus being the most common virus [4]. Although distinguish-

ing viral from bacterial pneumonia is difficult on clinical grounds,

there are helpful epidemiologic and clinical clues to alert phy-

sicians to the possibility of viral pneumonia.
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EPIDEMIOLOGY AND CLINICAL FEATURES

Influenza virus. Influenza viruses have segmented RNA ge-

nomes and are classified as type A, B, or C. The 2 envelope

glycoproteins are important targets of neutralizing antibody [5].

Hemagglutinin (H) initiates infectivity by binding to cellular

sialic acid residues and neuraminidase (N) protein cleaves new-

ly synthesized virus from sialic acid on cell surfaces allowing

spread of virus to adjacent cells. At least 16 antigenically distinct

hemagglutinin (H1–H16) and 9 neuraminidase (N1–N9) mol-

ecules of influenza A have been identified. H1–H3 viruses cause

most cases of human disease, whereas the others generally are

pathogens of aquatic birds and other mammals. Antigenic var-

iation in H and N contributes to the epidemic nature of in-

fluenza by 2 mechanisms. Antigenic “drift” is due to minor

changes in neutralizing epitopes of H and results in epidemics

and necessitates annual adjustment of vaccine formulations.

Antigenic “shift” occurs when 2 influenza A viruses exchange

H or N genes during infection of the same host. Shifts with

resultant influenza pandemics occurred in 1918 (H1N1 virus),

1957 (H2N2 virus), and 1968 (H3N2 virus).

Although annual winter epidemics occur predictably, lasting

6–8 weeks in one locale, time of onset and severity are highly

variable. Influenza is efficiently transmitted via small particle

aerosols generated by coughing and sneezing and has a 2–3-

day incubation period, which facilitates explosive outbreaks in

closed settings, such as nursing homes (table 2). Since 1977,
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Table 1. Factors that contribute to severe respiratory infections
associated with aging.

Respiratory factors
Decreased respiratory muscle strength
Decreased protective mucous level
Decreased lung compliance
Decreased levels of elastin and collagen in alveolar ducts

Immune function
Cellular immunity

Decreased naive T cell count
Increased memory T cell count
Decreased T cell proliferation
Imbalance of Th1 and Th2 responses
Increased level of inflammatory mediators

Humoral immunity
Decreased B cell responses to new antigens
Increased autoantibodies

Innate immunity
Decreased NK cell cytotoxicity
Decreased NK cell response to IL-2
Increased TNF, IL-1, IL-6, and IL-8 levels

H3N2, H1N1, and B viruses have circulated, with epidemics

of H3N2 infection causing the greatest morbidity in the elderly

population. Older persons may be relatively resistant to severe

H1N1 disease because of frequent exposure prior to 1957. The

impact of influenza on the elderly population is substantial and

is greatest among persons with chronic diseases. It is estimated

that at least 63% of the 300,000 influenza-related hospitaliza-

tions and 85% of the 36,000 influenza-related deaths in the

United States involve persons aged 165 years, a group that

constitutes only 10% of the total population [6].

The clinical manifestations of influenza in elderly persons

may differ from those of “classic” influenza (i.e., abrupt fever,

myalgias, and headache) seen in younger adults, with older

persons having a lower frequency of upper respiratory tract

symptoms. Among elderly outpatients, cough, fever, and acute

onset of illness had only a 30% positive predictive value, in

contrast to a positive predictive value of 78% for young adults

[7]. In a study of older adults hospitalized with documented

influenza, cough was nearly universal, and fever (temperature,

138�C) was seen in 70% [8]. Fever and altered mental status

may be the only signs of influenza pneumonia in older persons

with cognitive impairment. Gastrointestinal complaints, fever,

and myalgias help to distinguish influenza from other winter

respiratory viruses, such as respiratory syncytial virus (RSV)

(table 3).

In the classic description of influenza-associated lower re-

spiratory tract complications during the H2N2 pandemic of

1957–1958, Louria et al. [9] described 4 syndromes: (1) no

radiographic pneumonia, (2) viral infection followed by bac-

terial pneumonia, (3) rapidly progressive diffuse viral pneu-

monia, and (4) concomitant viral-bacterial pneumonia. Today,

pure viral pneumonia is uncommon, perhaps because prior

infection and vaccination has induced immunity among older

persons, as well as the rarity of rheumatic heart disease. We

found that 2%–6% of highly vaccinated elderly persons (i.e.,

190%) in the community developed influenza each season, of

whom 5% had pneumonia. Only 30% of hospitalized patients

with influenza have radiographic infiltrates, whereas a equal

percentage have findings consistent with congestive heart failure

or other diseases [10]. The true incidence of secondary bacterial

pneumonia during influenza is unknown, largely because there

are difficulties involved in accurate diagnosis of bacterial in-

fection. In our recent study [10], bacterial infection was iden-

tified in 10% of hospitalized patients with influenza, with only

1 episode of Streptococcus pneumoniae bacteremia. Dual viral-

bacterial infections were more severe than were viral infections

alone, as evidence by higher rates of intensive care use and

morbidity.

RSV. RSV is the second–most commonly identified cause

of viral pneumonia in older persons. First isolated in 1956 from

a chimpanzee with a cold, it was subsequently shown to be the

leading cause of lower respiratory infections in young children.

RSV is an RNA virus belonging to the Paramyxoviridae family,

and it causes characteristic syncytia formation in cell culture.

Two major antigenic groups of RSV (A and B) cause annual

winter epidemics of respiratory disease in temperate climates

[11]. Unlike influenza virus, RSV does not undergo major pe-

riodic antigenic changes, and yet, immunity is incomplete. Re-

infection in young adults usually produces mild illness; how-

ever, the likelihood of severe disease and pneumonia increases

with advancing age.

RSV pneumonia was first described in older adults in the

1960s. However, it was not appreciated as a significant pathogen

until outbreaks of infection in nursing homes were reported

in the 1980s [12]. Rates of pneumonia and death ranged from

5% to 55% and 0% to 53%, respectively. In composite, these

studies indicate that ∼10% of nursing home residents develop

RSV infection annually, of whom 10% develop pneumonia.

RSV infection is also a problem among elderly persons who

live in the community. Investigators at the Centers for Disease

Control and Prevention linked viral surveillance data with na-

tional death databases and estimated that RSV infection ac-

counts for ∼10,000 deaths among elderly persons each year

[13]. In a study of 1200 adults with CAP, RSV (4.4% of cases)

was the third–most commonly identified pathogen, compared

with S. pneumoniae (6.2% of cases), influenza viruses A and B

(5.4% of cases), and Mycoplasma pneumonia (4.1%) [14]. We

found that, during each season, RSV infection occurred in 3%–

7% of prospectively monitored healthy elderly persons and in
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Table 2. Characteristics of common respiratory viruses.

Virus Season Periodicity

Duration of
incubation

period
Primary means of

transmission

Influenza Winter Yearly 1–2 days Small particle aerosols
RSV Late fall to early spring Yearly 2 –8 days Large droplets and fomites
hMPV Late winter Every other year 5–6 days Large droplets and fomitesa

PIV Fall through spring Every 2–3 years 2 –8 days Large droplets and fomites
Coronavirus Winter Every 2–3 years 1–3 days Large droplets and fomitesa

Rhinovirus All year; fall Yearly 8 h to 2 days Fomites

NOTE. hMPV, human metapneumovirus; PIV, parainfluenza virus; RSV, respiratory syncytial virus.
a Presumptive mode of transmission.

4%–10% of high-risk adults; pneumonia occurred in 2%–7%

of infected persons [10]. In addition, RSV infection accounted

for 11% of winter discharge diagnoses for pneumonia.

The clinical manifestations of RSV pneumonia are difficult

to distinguish from those of other viral or bacterial pneumonias.

Dyspnea and cough are common (60%–80% of cases) but are

not unique to RSV infection. The typical RSV illness begins

with nasal congestion, which gradually progresses to wheezing

and difficulty breathing. Compared with influenza, RSV infec-

tion is more often associated with rhinorrhea, sputum pro-

duction, and wheezing, whereas fever and gastrointestinal com-

plaints are more common with influenza (table 3) [14, 15].

Chest radiographs typically show patchy bilateral alveolar

infiltrates and interstitial changes. In culture-proven cases of

RSV pneumonia, infiltrates tend to be small and ill-defined,

although consolidation has been described [14]. Seventy per-

cent of patients with RSV pneumonia have a normal WBC

count, compared with 55% of patients with atypical pneumonia

and 40% of those with bacterial pneumonia. Eleven percent to

30% of RSV-infected patients may have evidence of mixed viral-

bacterial infection.

Human metapneumovirus (hMPV). hMPV is a newly de-

scribed respiratory pathogen that was identified by Dutch re-

searchers in 2001 in young children with respiratory illnesses

resembling RSV bronchiolitis [16]. hMPV is an RNA virus be-

longing to the Paramyxoviridae family and metapneumovi-

rus genus, and it has worldwide distribution, with universal

infection by the age of 5 years. In temperate climates, the virus

circulates predominantly in the winter months, overlapping

with other seasonal viruses. Several studies suggest there may

be significant year-to-year variation in incidence rates [17].

Because hMPV is a newly identified virus, clinical data are still

relatively limited, and most studies describe children with bron-

chiolitis and pneumonia. Asymptomatic infection, colds, asthma

exacerbations, and flulike illnesses have been documented in

older children and healthy young adults [18]. Comprehensive

studies of hMPV as a cause of CAP among adults have not yet

been published. In a 2-year study of elderly subjects and high-

risk adults, hMPV infection was identified in 4.1%, with RT-

PCR and serologic testing used for diagnoses [17]. Impact was

greatest among those with cardiopulmonary diseases, who were

ill twice as long as healthy elderly subjects. Of the hospitalized

persons, 25% had infiltrates noted on chest radiographs. Illness

may be more severe in frail elderly subjects, as evidenced by a

Canadian study in which pneumonia was documented in 40%

of hMPV-infected nursing home residents [19].

The clinical characteristics of hMPV pneumonia in older

adults do not appear to be distinctive from those of illness due

to other winter respiratory viruses. hMPV infection may be

somewhat less severe than RSV infection and influenza, with

lower rates of mechanical ventilation and death noted in one

study [17].

Parainfluenza viruses (PIVs). PIVs are paramyxoviruses

that cause croup, bronchitis, and pneumonia in young children.

PIV type 3 infection is endemic year round, and infections due

to PIV types 1 and 2 tend to peak during the fall months [11].

Infection recurs throughout adulthood, accounting for 1%–

15% of acute respiratory illnesses, with occasional reports of

pneumonia in young adults. In the elderly population, PIV has

been less well studied than RSV, but pneumonia has been re-

ported [20]. Investigators in Sweden found that 11% of com-

munity-dwelling elderly persons with pneumonia and 7% of

those with acute respiratory tract illness had serologic evidence

of recent infection due to PIV type 1 or 3 [21]. Prospective

studies in nursing homes have documented PIV infection in

4%–14% of respiratory illnesses, and fatal cases of broncho-

pneumonia have been reported [22]. PIV has also been im-

plicated as a precursor to an outbreak of invasive pneumococcal

disease in a long-term care facility. Clinical syndromes, char-

acterized by fever, rhinorrhea, cough, and sore throat, are not

distinctive.

Coronaviruses. Coronaviruses are RNA viruses that derive

their name from the crown-like appearance of club-shaped

surface proteins. They were discovered in 1965 and are second

to rhinoviruses as a cause of the common cold. Studies of

human illness have been limited by the inability to grow the
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Table 3. Clinical features of influenza and respi-
ratory syncytial virus (RSV) infection.

Symptom Influenza RSV infection

Fever ++++ +
Myalgias +++ +
Nasal congestion + +++
Wheezing ++ ++++
Sputum production ++ +++
Gastrointestinal symptom +++ �

NOTE. The “+” symbols denote degree of likelihood. �,
Absent.

virus under routine conditions. Over the past 4 decades, OC43

and 229E strain infections have been diagnosed in all age groups

by serologic testing [23]. Recently, 2 new human strains (NL63

and HKU1) were identified by RT-PCR [24, 25]. Interest in

coronaviruses intensified in 2002 with the severe acute respi-

ratory syndrome epidemic, which spread quickly from China

and was proven to be due to a novel coronavirus, SARS-CoV.

OC43 and 229E most often occur in late winter and early

spring, demonstrating 2–3-year periodicity [26]. In healthy

adults, infection is characterized by low-grade fever, malaise,

and nasal symptoms. Pneumonia has been reported in young

children, immunocompromised patients, and elderly persons

[27, 28]. Coronaviruses were identified by RT-PCR in 17% of

elderly persons in the community with acute respiratory ill-

nesses in a recent Dutch study, and 50% of patients had lower

respiratory tract symptoms [28]. Most studies to date have not

reported radiographic findings; thus, the frequency of coro-

navirus pneumonia remains unknown.

Rhinoviruses. Rhinoviruses, the most frequent cause of the

common cold, circulate throughout the year, but activity peaks

in the fall and spring. Infections are common among persons

of all ages, including elderly persons, and account for ∼25%–

50% respiratory illnesses among community-dwelling elderly

individuals [29]. Outbreaks have also been documented in long-

term care facilities and senior daycare centers [30, 31]. Prominent

nasal congestion, cough, and constitutional symptoms charac-

terize illnesses. The role of rhinoviruses in pneumonia remains

somewhat controversial. Because replication is restricted at core

body temperature, rhinoviruses were once dismissed as a cause

of pneumonia. Recent evidence indicates that rhinoviruses can

be recovered from lower airways after experimental challenge,

and cases of pneumonia have been described in very young

children and severely immunocompromised patients [32]. Com-

prehensive studies of older adults with CAP using new, sensi-

tive molecular techniques have yet to be performed.

DIAGNOSIS

Viral diagnostic methods include culture, rapid antigen detec-

tion, RT-PCR, and serologic testing, with availability and sen-

sitivity varying on the basis of the specific virus. Respiratory

secretions appropriate for testing include nasal swab or wash

specimens, sputum specimens, and bronchoalveolar lavage fluid

samples. Nasal wash samples, the preferred sample for children,

are difficult to obtain in frail or cognitively impaired elderly

persons. Although they are slightly less sensitive than washes,

nasal swab samples are acceptable alternatives.

Viral culture remains the gold standard for diagnosis and is

available in many clinical laboratories, but optimal results re-

quire prompt transportation of the specimen on ice for im-

mediate inoculation. Influenza is relatively hardy and grows

well in culture, but the 2–3 days required for detection is un-

satisfactory when one must make decisions regarding antiviral

therapy. Culture is insensitive for diagnosis of RSV infection,

because RSV is labile, and adults typically shed low titers. PIVs

and rhinoviruses can be detected by culture using standard

techniques, but hMPV and coronaviruses have special growth

requirements necessitating research facilities for isolation.

Rapid antigen testing is commercially available for influenza

viruses A and B and RSV, offers immediate results, and (in

some cases) can be done at the point of care. For diagnosis of

influenza in adults, these tests offer a sensitivity of 50%–60%

and specificity of �90%. Many institutions screen patients with

rapid tests and only perform culture if rapid testing is negative.

This allows quick identification of many patients while not

sacrificing the sensitivity of culture. Given the rate of false-

negative results for rapid tests, patients for whom influenza is

highly suspected during epidemics should be isolated and treated

with antivirals, if appropriate, while awaiting culture results

[5]. Rapid RSV antigen tests are useful in young children who

shed high titers of virus, but results are disappointing in adults.

Compared with serologic tests and RT-PCR, the sensitivity of

commercially available tests is low (0%–20%).

RT-PCR is very sensitive and specific for the diagnosis of all

the common respiratory viruses and has been pivotal in defin-

ing adult disease for RSV, hMPV, rhinoviruses, and coronavi-

ruses. Although rapid, these assays are expensive and not widely

available outside of major medical centers. However, a multi-

plex RT-PCR (Hexaplex; Prodes) is commercially available for

the diagnosis of infection due to multiple common respiratory

viruses.

Because infection with respiratory viruses (with the exception

of SARS-CoV) represents reinfection in adults, the presence of

preexisting antibody precludes a single serologic test to detect

IgG antibody. IgM assays have generally not been useful. Se-

rologic testing provides retrospective diagnosis when a �4-fold

increase in a specific antibody is detected by complement fix-

ation or EIA. Because rhinovirus has 1100 serotypes, serologic

testing is impractical for diagnosis, whereas serologic tests for

detection of hMPV and coronavirus are only available in re-

search settings.
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Figure 1. Diagnosis and treatment of older adults with pneumonia. RSV, respiratory syncytial virus; �, with or without; +, positive, �, negative.

Table 4. Administration characteristics of influenza antivirals and associated adverse effects.

Antiviral Activity
Route of

administration Dosage (5 days) Adverse effects

Amantidine Influenza virus A Oral 100 mg/daya CNS and gastrointestinal events
Rimantadine Influenza virus A Oral 100 mg/day Mild CNS and gastrointestinal events
Zanamivir Influenza viruses A and B Inhaled 2 Inhalations twice/day Bronchospasm
Oseltamivir Influenza viruses A and B Oral 75 mg twice/daya Mild gastrointestinal events

a Dosage adjustment required with renal dysfunction.

Because of overlapping clinical syndromes, diagnosis of viral

pneumonia requires laboratory confirmation. This is particu-

larly important for influenza, because treatment is available and

infection-control issues arise in hospitals and nursing homes

(figure 1). Therefore, during the winter months, we recommend

screening by rapid antigen tests for patients who are admitted

to the hospital and residents of long-term care facilities who

have suspicious clinical syndromes. Once influenza is active in

the community, we recommend screening all patients with

pneumonia with rapid tests, followed by influenza culture if

the results of the rapid test are negative. Full respiratory viral

cultures and RT-PCR are desirable to identify other viral path-

ogens, but if resources are limited, these tests may be restricted

to immunocompromised or severely ill patients, for whom use

of unproven therapies is sometimes attempted. Because of its

retrospective nature, serologic testing is more useful for inves-

tigation of nursing home outbreaks of respiratory disease rather

than for individual patient care.

TREATMENT

Four antivirals (amantadine, rimantadine, zanamivir, and os-

eltamavir) have been approved for the treatment of influenza

(table 4). Amantadine and rimantadine are active against in-

fluenza A, whereas zanamivir and oseltamavir are active against

both influenza A and B. These agents are 70%–90% effective

for prophylaxis and also reduce illness severity, duration of

symptoms, and viral shedding when given �48 h after symptom

onset in uncomplicated influenza. CNS adverse effects limit the

utility of amantadine in the elderly population, as does the
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issue of resistance, which develops quickly for both amantadine

and rimantadine. Zanamivir and oseltamivir are associated with

fewer adverse effects, although zanamivir should be avoided in

patients with chronic obstructive pulmonary disease and those

with asthma because of bronchospasm [5]. The benefit of an-

tiviral agents for influenza pneumonia is unknown, because

placebo-controlled trials for pneumonia have not been con-

ducted. Although definitive data are lacking, most authorities

feel that it is reasonable to administer an antiviral agent to

elderly patients who are hospitalized with influenza pneumonia.

The treatment of RSV pneumonia in elderly adults is largely

supportive. Antiviral therapy with aerosolized ribavirin and

RSV-specific immunoglobulin have been approved for high-

risk infants, but no controlled data are available in adults [11,

12]. Although the general use of ribavirin cannot be recom-

mended, use of this agent may be considered in selected cases,

such as those involving immunocompromised patients. An-

ecdotal experience suggests that, for adults who are not un-

dergoing intubation, high-dose, short-duration therapy (60 mg/

mL for 2 h given by mask 3 times a day) is better tolerated

than tent treatment. Ribavirin has in vitro activity against PIV

and hMPV, but there are no clinical data involving humans.

No antivirals are approved for the treatment of coronavirus

and rhinovirus infections.

PREVENTION

Immunization remains the most effective means of reducing

morbidity and mortality associated with influenza in the elderly

population. Currently, 2 vaccines are available: standard tri-

valent inactivated (killed) virus vaccine and the recently intro-

duced live, attenuated virus vaccine [5]. Most studies have

shown a 30%–50% reduction in influenza hospitalization rates

when there is a good antigenic match between the vaccine and

circulating strain [33]. In a study of nearly 300,000 community-

living elderly subjects, administration of trivalent inactivated

virus vaccine was associated with 48%–50% reduction in the

rate of deaths due to all causes and with significant reductions

in rates of hospitalization for pneumonia and influenza, cardiac

disease, and stroke, compared with rates among nonimmunized

persons [34]. In contrast, a recent analysis found no decrease

in morbidity and mortality rates among older persons, even as

vaccine uptake increased from 20% in 1980 to 65% in 2001,

suggesting that better influenza vaccines are still needed [35].

Although live, attenuated virus vaccine is efficacious in young

children and adults aged !49 years, the vaccine has not been

studied in older persons [5]. Currently, there are no licensed

RSV vaccines for children or adults.

Transmission of influenza may occur via small particle aero-

sols, and thus, respiratory isolation of patients with documented

or suspected influenza during periods of high influenza activity

is appropriate. Hand washing is also very important, especially

for patients who are receiving amantadine or rimantadine, to

prevent nosocomial spread of drug-resistant virus. The other

major respiratory viruses are spread via fomites and large particle

droplets; therefore, respiratory isolation is not required.

In summary, viruses account for a substantial portion of cases

of respiratory illness and pneumonia in the elderly population.

As diagnostic tests continue to improve, new agents and the

relative importance of known agents may change. Presently,

influenza virus A H3N2 and RSV are the most-commonly iden-

tified viral pathogens in older adults with viral pneumonia.

Because clinical features and periods of peak activity overlap

during the winter months, laboratory confirmation of influenza

is recommended for seriously ill or institutionalized patients.
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