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The Epidemiology of Respiratory

Infections in Children
William C. Gruber

R espiratory infections produce diseases with global impact

in children. These infections are important causes of
morbidity and mortality in the developed and developing
world. A proper understanding of the impact of respiratory
infection requires attention to the similarities and differences
posed by challenges in these different environments, a working
knowledge of common pathogens, and an appreciation of risk
factors. This knowledge can guide sound approaches for preven-
tion and therapy of respiratory disease in children.

Scope of the Problem in the Developed
World

Pediatric respiratory infections in industrialized countries vary
from the modest annoyance of rhinovirus coryza to life-
threatening viral or bacterial pneumonia. Respiratory illness
rates in boys and girls are highest in children 2 years of age and
younger.*%% Because estimates of attack rates vary to some
degree according to the type of surveillance for a given popula-
tion, comparisons between studies are somewhat difficult. How-
ever, in a recent community study in which enrollees were
surveyed weekly and cultured for each respiratory illness,
infants younger than 2 years of age had a mean number of 5.7
respiratory illnesses per year.* The respiratory illness rate did
not drop below 3 illnesses per year until subjects reached 15
years of age, and mean number of illnesses then averaged 2 per
year. In circumstances for which diagnoses have been obtained,
rhinoviruses accounted for 11% to 25% of all physician vis-
its H1011

Clearly, many respiratory infections go unrecognized in
tallies of their impact, because affected children are never
evaluated by a physician and are treated at home. Therefore,
another estimate of the frequency of respiratory infection may
be obtained from the prevalence of over-the-counter (OTC)
drug use for treatment of “cold” symptoms. According to a
recent analysis of a nationally representative sample, 35% of all
3-year-old children in the United States were given an OTC cold
or cough medication in the preceding 30 days.'? This likely
represents an underestimate of the total number of respiratory
illnesses; children who sought a physician’s advice were less
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likely to receive OTC medications, and use of prescription
medications was not captured in this study.

Even relatively benign upper respiratory infections have
significant economic and health consequences. Nearly $2 billion
are spent yearly in the United States by consumers for cough
and cold remedies.”? The direct cost of community-acquired
respiratory infections treated in ambulatory settings has been
estimated to be $10 billion.'* Approximately $6 billion of this
annual expense is encompassed by costs for diagnosis and
treatment of otitis media and upper respiratory infection, with
the remaining $4 billion attributable to lower respiratory tract
infections. Children can be expected to account for a sizable
portion of this expense.

A 5-year study in a suburban middle-class pediatric practice
indicates that a cohort of 100 children might be expected to
have nearly 50 lower respiratory tract illnesses in the first 2 years
of life.!> Moreover, the cost of lower respiratory tract infection
diagnosed and treated in the first 2 years of life was estimated to
be at least $35 for every child followed. More than 50% of the
estimated cost was attributable to hospitalization. The majority
of episodes correlated with the presence of four viruses in the
community—respiratory syncytial virus (RSV), influenza, para-
influenza 1, and parainfluenza 3. In our 20-year experience
(1973 to 1993) with cohorts of children followed from birth in
the Vanderbilt Vaccine Evaluation Unit (VVEU), we have
observed a total of 8,454 respiratory infections in 4,093 child-
years of observation. The total rate of medically attended
respiratory illness was 310.3 episodes per 100 child-years, for
children younger than 2 vyears of age and 102.7 per 100
child-years for children age 2 to 5 years. We have observed a
lower respiratory infection rate of 25.7 per 100 child-years
during the first 2 years of life and 7.3 per 100 child-years for age
2 to 5 years. Although respiratory infections peak in winter
months, otitis media and lower respiratory infections occur
throughout the year and average nearly 50% of rates in peak
months (Fig 1). It is clear that what may be seen by the anxious
parent as a respiratory infection that “never goes away” often is
really a series of sequential infections with no intervening
asymptomatic period.'6

Scope of the Problem in the Developing
World

Respiratory infections are one of the most important causes of
preventable deaths in the developing world. More than 98% of
over 3.5 million pediatric respiratory disease deaths each year
occur in developing countries.!” Mortality rates from respiratory
infections in some Latin American, Asian, and African countries
are 10- to 30-fold higher than the death rate observed in North
America®'%2 In developing countries, the proportion of chil-
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Figure 1. Respiratory disease in the Vanderbilt Vaccine
Clinic, 1973 to 1993. -, upper respiratory infection; —[—,
lower respiratory infection; -, otitis.

dren dying from respiratory diseases is exceedingly large when
compared with other causes of death (Fig 2); the death rate
from respiratory disease often exceeds the proportion of the
population dying from cardiovascular disease or cancer after a
“normal” life span.3

ARI-mostly pneumonia 24.6%

/ARl-measles 5.2%

Measles 2.4%

ARI-HIV 0.2% )’I - °
ARl-pertussis 2.1%\\ l

ARI-malaria 1.6%~,

[}, .~ Diarrhaea-measles 1.9%
==\—Diarrhoea-HIV 0.3%

Malaria 5.6%~— [
Malaria anaemia 0.6% ™

™ Diarrhoea 22.5%

/
Other 33.1%

Figure 2. Distribution of 12.2 million deaths among children
younger than 5 years old in all developing countries, 1993. Total
associated with: ARI, 33.7%; malnutrition, 29.0%; diarrhea,
24.7%; measles, 9.5%; malaria, 7.7%; one or more of these five
conditions, 71%. (Courtesy of World Health Organization,
1994.) ‘

In 1982, in response to the formidable challenge posed by
respiratory infections, a National Academy of Sciences/Institute
of Medicine (IOM) committee assigned a high priority to
international research of acute respiratory tract infection (ARI).
The National Academy of Sciences Board on Science and
Technology for International Development (BOSTID) deter-
mined much of what is known today about risk factors, patho-
gens, symptoms, and disease severity of ARI in the developing
world.'®

Incidence rates from the BOSTID studies ranged from 12.7
to 27.5 respiratory illnesses per 100 child-weeks at risk; the
highest rate was observed when mild upper respiratory infec-
tions were included.'® More lower respiratory tract infections
were identified by auscultation in the home than were identified
by examination of ill subjects in a clinic setting. Hence, the
overall impact of LRI in a developing setting may be underesti-
mated, and comparisons between different studies necessarily
should pay sirict attention to methods of surveillance. Children
5 years old or younger were observed to spend up to 40% and
14% of observed weeks with signs of respiratory infection and
LRI, respectively.'®

Microbiology of Respiratory Tract
Infection

Upper respiratory infections are caused most often by viral
pathogens, notably rhinoviruses, RSV, parainfluenza viruses,
adenoviruses, influenza, enteroviruses, and coronaviruses. These
agents, particularly rhinoviruses, may produce mild coryza that
is self-limited. However, influenza, adenoviruses, RSV, and
parainfluenza commonly are associated with the complication
of otitis media.?* During 20 years of active surveillance in the
VVEU, nearly 50% of subjects evaluated for respiratory illness
have been diagnosed with otitis at the time of influenza,
parainfluenza, adenovirus, or RSV isolation from a respiratory
specimen.

Most pharyngitis is caused by viral pathogens (primarily
adenoviruses), mycoplasma or Chlamydia pneumoniae (TWAR) in
adults and children. Epstein-Barr virus (EBV) is a common
cause of purulent pharyngitis with massively enlarged tonsils in
adolescents; pharyngitis caused by EBV in young children is
often milder and not distinguishable from that caused by other
pathogens. Pharyngitis caused by coxsackieviruses or echovi-
ruses may herald aseptic meningitis or myocarditis.

Group A Streptococcus leads the list of bacterial causes of
pharyngitis but other bacteria have been implicated including
group B, C, and G streptococci, Arcanobacterium (formerly Coryne-
bacterium) hemolyticum, gonococci or Treponema pallidum in sexually-
exposed children or adolescents, anaerobes, and N meningitidis.
Corynebacterium diptheriae as a cause of membranous pharyngitis is
now a rarity in highly immunized populations.?

Viral upper respiratory infection also serves as a watershed
for bacterial superinfection and lower respiratory tract disease.
Viral upper respiratory infection has been associated for some
time with increased nasopharyngeal colonization with bacterial
pathogens such as pneumococcus, Hemophilus influenzae, and
Staphylococcus aureus.”® Viral infections, particularly influenza and
RSV, interfere with ciliary function and augment the adherence
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of both bacterial pathogens and inflammatory cells to respira-
tory epithelium.?”% Cases of otitis media, two thirds of which
have a defined bacterial cause, apparently bear a closer relation-
ship to circulation of respiratory viruses than to climate.
Pneumococcal and S aureus bacterial tracheitis and pneumonia
are well recognized complications of preceding influenza infec-
tion; wintertime morbidity and mortality have been tied inextri-
cably to influenza and these subsequent bacterial complica-
tions.53!

Lower respiratory infections in the first 5 years of life
principally are caused by RSV, parainfluenza viruses 1, 2, and 3,
influenza viruses A and B, adenoviruses, and enteroviruses.
Although RSV is the most common isolate associated with
significant illness, adenoviruses have been isolated next most
frequently in the context of serious respiratory disease in some
series.52% However, these observations must be interpreted
with caution. Unlike other respiratory viruses, adenoviruses
may be shed for prolonged periods after acute infection, which
may lead to difficulty in attributing a particular illness to
adenovirus isolated from the nasopharynx. Nonetheless, adeno-
virus was implicated in 6 of 31 fatal cases of community-
acquired pneumonia in Argentina®’; in 4 of these cases, adenovi-
rus was isolated from lung specimens obtained at autopsy.

Although measles is regarded generally as an exanthema-
tous illness, it often causes severe lower respiratory tract disease
in the developing world.% Other respiratory and enteric
pathogens, both viruses and bacteria, have been isolated in up to
35% of children hospitalized with measles, and compound the
associated morbidity.*! Novel viral agents occasionally emerge
as a cause of sometimes devastating respiratory illnesses.
Notable among these is the hantavirus isolated from the
southwestern United States.*? As yet, young children have not
been a target of this aggressive pathogen, but at least one case
has been identified in a child 12 years of age.

Streptococcus preumoniae, H influenzae, and S aureus are the most
common isolates from lung aspirates obtained in children
hospitalized for pneumonia.®*7 S preumoniae has been isolated
from more than 30% of patients in the majority of such studies.
Prior administration of antibiotics seems to reduce recovery of
bacterial pathogens from the lung by approximately 50%.*
Identification of bacterial pathogens from lung aspirates often is
impractical, and blood cultures often are relied on to aid
diagnosis of bacterial disease. Up to 40% of blood cultures have
been positive for bacterial pathogens identified by lung aspira-
tion.”8 Bacterial isolates account for the minority of diagnosed
LRIL485!

In recent years, the emergence of pneumococcal strains
resistant to penicillin has raised the stakes for potential morbid-
ity in both developed and developing countries.’ Pneumococ-
cus strains demonstrated increasing frequencies of resistance in
Europe in the 1990s% but were uncommon in the United States
through 1987. However, in 1993, nearly 30% of S pneumonia
isolates obtained from middle ear effusions or nasopharyngeal
swabs demonstrated intermediate resistance to penicillin (mini-
mum inhibitory concentration [MIC] >0.1 pg/mL) in commu-
nities in Kentucky and Tennessee. One half to one fifth of
resistant isolates from these populations, respectively, were
characterized by high-level (MIC =2 ug/mL) penicillin resis-
tance. Resistant pneumococcus has been noted to be prevalent

in day care centers,’”® and use of antibiotics in the preceding
month seems to increase the risk of systemic penicillin-resistant
pneumococcal infection.? Multiply antibiotic—resistant pneumo-
coccal strains have been identified in Europe and Africa.’37 The
“global village” fostered by intercontinental travel has increased
opportunities for rapid worldwide spread of multiply antibiotic—
resistant pneumococci.®

Whooping cough caused by Bordetella pertussis is a vaccine-
preventable disease. Yet in developed countries, local reactions
and public concern about serious reactions have dampened
enthusiasm for its use and prompted development of a less
reactogenic acellular pertussis vaccine. Where immunization
rates have declined (eg, Japan, Sweden, and the United King-
dom) pertussis has reemerged as a major problem.” In develop-
ing countries, where preventive measures remain limited, the
mortality from pertussis approaches or exceeds that seen at the
turn of the century in the industrialized world.5

Fungal respiratory disease is endemic to certain areas of
developed and developing countries. Histoplasmosis was de-
scribed originally as a prominent cause of pediatric respiratory
lness in the southeastern part of the United States and
remains so today, although previously described disseminated
disease now seems rare in immunocompetent children.%! Blasto-
mycosis and coccidiomycosis are important causes of endemic
disease in children in the United States. Outbreaks of these
mycoses have occurred in school-age children. Paracoccidomyco-
sis is a pathogen in South America; children and teenagers
account for approximately 3% of cases.®? Bronchopulmonary
aspergillosis is an important cause of wheezing in children.

Tuberculosis (TB) has remained a significant cause of
respiratory disease in the developing world and has recently
reemerged as an important contributor to respiratory disease in
the United States. From 1985 to 1990, increases in TB cases
were the second largest (41.1%) and the largest (102.6%)
among non-Hispanic blacks and Hispanics, respectively, be-
tween the ages of 3 and 15 years old. Recent urban epidemiologi-
cal studies have demonstrated that 33% to 40% of new TB cases
were the result of recent infection,%% indicating a high rate of
transmission to susceptibles. Transmission of TB from a single
patient accounted for as much as 6% of newly diagnosed cases in
San Francisco.# A single infected adult patient can have a
devastating impact on attempts to control TB in an inner city.
Although the consequence of pediatric TB was not included in
these evaluations, it would be anticipated that the potential for
childhood disease is high; children are themselves inefficient
transmitters of TB, but young infants exposed to adult inner-
city populations at risk are particularly vulnerable to severe
disease.® The effect of the human immunodeficiency virus
(HIV) epidemic on children seems to be largely conferred by an
increase in the number of adults with active TB serving as
potential sources of TB infection for children.’’

Host and Environmental Risk Factors

The risk of significant respiratory disease is linked closely to
characteristics of the host and environmental exposures. In
many circumstances, these risk factors are interdependent and
combine to increase susceptibility to respiratory illness (Ta-
ble 1).
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Table 1. Host and Environmental Risk Factors That
Contribute to Respiratory Iliness

Host factors
Young age
Prematurity/low birth weight
Malnutrition
Bottle feeding (7)
Vitamin A deficiency (7)
Environmental factors
Socioeconomic status
Crowding, birth order
Day care
Smoke pollution

Young age is a risk factor for viral respiratory illness.
Numerous studies have shown that peak rates of ARI occur in
the first 2 years of life {approximately 5 episodes per year) and
decrease thereafter.»'>%70 RSV and influenza are perhaps the
most notable examples for which young age poses a risk. Over
20 years of observation in the Vanderbilt VEU, 23.7% of doctor
visits for culture-confirmed RSV have been in infants younger
than 6 months old, despite a mean age of 15.7 months for
culture-confirmed RSV infection. Over 50% of hospitalizations
for RSV infection in this population were in healthy infants
younger than 3 months old.”! During influenza epidemics in
Harris County, Texas, the highest rates for ART hospitalizations
were observed in people 65 years of age or older, but the rates
for children younger than 5 years old were nearly as high.”? In
World Health Organization-sponsored intervention studies in
the developing world 20% to 40% of deaths from ARI occurred
in infants younger than 3 months old.?

Prematurity and low birth weight are risk factors for severe
ARI. Prematurity is associated with increased risk of hyaline
membrane lung disease and bacterial pneumonia in the new-
born period and subsequent development of bronchopulmonary
dysplasia (BPD). The risk for severe RSV infection is clearly
greater in such patients.”>’* Although the incidence of upper or
lower respiratory infection is similar in low birthweight and
normal infants in developing countries, case fatality rates have
been observed to be four to eight times greater than that
documented for normal infants.”>’” Confounding variables such
as crowding, poverty, poor nutrition, and poor maternal educa-
tion in developing countries make it difficult to determine
whether the low birth weight independently leads to the greater
risk.

Malnutrition does not seem to significantly affect the inci-
dence of ARI but does seem to increase the severity.’57
However, in one study from Costa Rica, malnourished children
experienced nearly 3 times more bronchitis and 19 times more
pneumonia, and were nearly 4 times as likely to be hospital-
ized.® An association between lower percentiles for age mea-
sures and higher rates of upper and lower respiratory infections
has been observed in older children.!® Fatality rates have been 7
10 27 times greater in cohorts of malnourished children.*’7

Breast-fed infants have been observed to experience fewer
episodes of otitis and LRL3#? but demonstration of these effects
requires correction for confounding socioeconomic factors.38¢ A
recently completed study in Denmark was unable to identify a

protective effect of breast-feeding against infectious illness
including respiratory disease.®> In Rwanda and Brazil, LRI
mortality rates were two to four times greater in hospitalized
children who received formula or cows’ milk than in those
infants who received breast milk.838 In contrast to its possible
beneficial effects in some circumstances, breast-feeding is contra-
indicated in infants or mothers who are sputum-positive for
Mycobacterium tuberculosis.

Only limited information is available that may tag increased
ARI to specific micronutrient or vitamin deficiency. In Indone-
sia, Vitamin A deficiency was associated with increased ARI-
associated morbidity and mortality?’; vitamin A supplementa-
tion resulted in a 34% reduction in the population under study,
but reductions attributable to respiratory disease were not
differentiated.®

Vitamin A deficiency and therapeutic response to supplemen-
tation has been observed in patients with measles®; reductions
in morbidity and mortality have been attributed in part to
reduced respiratory complications after vitamin A administra-
tion. Recently, reductions in vitamin A levels that mirror RSV
LRI severity have been reported,® but it remains to be deter-
mined whether supplementation will be of value in reducing
morbidity or mortality. Vitamin A prophylaxis and treatment
studies for ARI in developing countries have yielded mixed
results, as summarized in 2 recent review.”! A flurry of interest
about the role that vitamin C might play in treating or
preventing ARI has abated because no study has confirmed
specific benefit from this nutrient.%% Vitamin E is a antioxi-
dant and may heighten humoral immune response, but a
specific role in ARI is not known. Low vitamin Bg and By, levels
are more likely a consequence of chronic disease such as TB and
not a contributory factor. Although iron, zinc, selenium, copper,
and chromium all play roles in supporting an adequate immune
response, and judicious oral iron supplementation may reduce
enteric infections, no clear role for these micronutrients as
adjunctive therapy for ARI has been identified.

Crowding might be expected to increase the risk of exposure
to respiratory disease pathogens and the attendant risk of
disease. This appears to be the case. Whether from the presence
of more siblings, abject circumstances, or the day care environ-
ment, the incidence of respiratory diseases is higher when there
is close, sustained contact among many children.®%% Multiple
toddlers in the family increase the risk of respiratory illness for
all family members.® Influenza attack rates are highest in those
families with school-age children.®® Older children increase
the risk of respiratory disease for younger children. Despite the
important role that HIV infection plays in the resurgence of TB,
poverty and household crowding continue to remain important
factors for spread to children.®

Developed countries, particularly the United States, have
seen a demographic shift in childcare as married and single
parents enter the workplace. It now is estimated that nearly
75% of children are cared for in out-of-home care settings. ARI
clearly is increased for children in out-of-home care, particularly
for the young infant newly exposed to this environment.
Grouping of older children with younger children and increased
numbers of enrollees in any one environment are associated
with increased vulnerability to ARL%:%:100 Respiratory disease
rates tend to equalize with those of children cared for at home
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within 2 years.%® This information may be a source of some
comfort to working parents who worry that they are jeopardiz-
ing their families and careers with young infants who seem to
have more illness than had been expected. Problems are not
limited to mild upper respiratory infection but include otitis
media and LRI. Young infants in out-of-home care who are
between 1 and 2 years old may be expected to experience nearly
twice as many episodes of otitis as matched children in home
care.!!

Smoke and air pollutants are linked to ARI in children,
particularly in the first 2 years of life.!”!% Maternal smoking
doubles the risk of ARI in the first 2 years of the child’s life.
Among infants exposed to cigarette smoke, saliva levels of
cotinine (a nicotine metabolite that correlates with smoke
exposure) were detected in significantly more wheezing chil-
dren younger than 2 years of age than in older wheezing
children.!® Viruses were isolated in 70% of wheezing children
younger than 2 years old, and the young infants enrolled in this
study were nearly five times more likely to be wheezing if they
had elevated cotinine levels. New episodes of otitis media with
effusion occurred more frequently and lasted longer in children
exposed to tobacco smoke.!0

Although passive exposure to tobacco smoke grabs attention
as a contributor to respiratory disease morbidity, it is less well
appreciated that smoke from biomass fuels predicts increased
respiratory disease burden. Particulates from indoor cooking
with biomass fuels in developing countries exceed nearly 20-fold
those produced by 2-pack per day smokers in homes of devel-
oped countries.!% Increased exposure to cooking fires predicted
increased respiratory illness in several studies.!?%1% In a recent
case-control study in The Gambia, 129 children who were
thought to have died from LRI were compared with 129
children who died from other causes. In comparison of multiple
social and demographic factors, exposure to smoke during
cooking was the strongest risk factor associated with death from
LRL!® In the United States, woodburning stoves have been
shown to pose a risk for both upper and lower respiratory
illness.!10

Epidemiology of Prevention and
Treatment

Biomedical advances offer some prospect of reducing the
impact of respiratory infections at home and abroad. However,
although extensive research efforts should continue to develop
vaccines against respiratory viruses and S prneumoniae, it is
unlikely that a successful approach to either will be available
before the next century.!'m12 It also is clear that favorable
experience with vaccines in developed countries may not predict
responses in the developing world. Poliovirus and measles
vaccines are notable examples. What then can be done in the
short term to reduce morbidity and mortality of respiratory
infections in the developed and developing world? Minimizing
risk factors that predispose people to respiratory infection and
“low tech” approaches should be encouraged.

Attention must be paid to improving the socioeconomic
status of families. Empowerment of women is believed by many
to be a linchpin to achieving this goal in the developing
world.'"314 Tmproved status of the family reduces crowding,

promotes better access to health care, reduces risks of low birth
weight and malnutrition—all risk factors for more severe
respiratory tract disease. Emphasis on environmental controls,
improved compliance with therapy, and novel approaches to
contact identification have all been recommended to reduce the
impact of tuberculosis.%®> Controlled inquiries into interventions
that improve the nutritional status of children also are needed.
Inexpensive vitamin or micronutrient supplementation may
reduce the morbidity and mortality of respiratory disease, as has
occurred with vitamin A supplementation for measles. Hypox-
emia may be a common pathway to death; perhaps the
availability of oxygen concentrators in remote areas would
improve the potential for saving young lives.!!?

Even simple measures to prevent or treat respiratory infec-
tion can be subverted by a sense of hopelessness in the inner
cities of industrialized countries or geopolitical strife in develop-
ing countries. To assure success, responses to these challenges
must not go unmet.
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