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I. INTRODUCTION

dence of pneumonia in children under 5 years of age with acute lower respiratory infections

(ALRI) in industrialized and developing countries. Also included is a report on the incidence
and natural history of pneumonia as seen in children under 35 months, in a study on the epi-
demiology of acute respiratory diseases conducted in a peri-urban community in Lima, Peru.

T his chapter provides a review of community studies conducted in an effort to assess the inci-

I1. DEFINITION OF PNEUMONIA OR ALRI IN COMMUNITY STUDIES

Before reviewing study results, it is important to briefly discuss definitions of pneumonia or
ALRI used in these studies, as well as the methodology used, given the impact on the rates
recorded.

The studies performed in industrialized countries (Table 1) generally use clinical diagnosis,
sometimes complemented by radiology, to identify pneumonia (7-70). Only one study used the
respiratory symptoms reported during weekly visits by the mother concerning episodes of res-
piratory diseases (7). This study defined ALRI by the presence of productive cough, painful
breathing, or wheezing. Few studies required the presence of infiltrate in the chest X-ray for a
diagnosis of pneumonia (6). However, the studies conducted in developing countries have for
the most part used the presence of respiratory symptoms either reported by the mother or iden-
tified by field workers in examinations specifically performed for this purpose (77-32). The
earlier studies had diagnoses of pneumonia made by physicians, which were sometimes com-

plemented by radiography (71, 13, 16, 17, 20).
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However, beginning with pioneer studies conducted in the community of Narangwal, India
(25, 26), and in the areas of Tari and Goroka, Papua New Guinea (32, 33), the earliest stud-
ies were done to identify ALRI episodes by using the association with such symptoms as respi-
ratory difficulty, elevated respiratory frequency, intercostal retraction, and wheezing (34).

In a major effort to minimize variations in ALRI rates arising from methodological variations,
the U.S. Board on Science and Technology for International Development (BOSTID) of the
National Academy of Sciences sponsored multiple epidemiological studies on ALRI in commu-
nities in developing countries, using a standardized methodology (12, 15, 18, 19, 21, 22, 30,
31). Cases of ALRI were defined through medical examinations by the presence of at least one
of the following signs: crepitant rale in auscultation, wheezing, stridor, respiratory frequency
>50 per minute, cyanosis, or intercostal retraction.

The World Health Organization (WHO) initially recommended that a child with coughing and
tachypnea (defined as respiratory frequency >50 per minute) be considered as a pneumonia
case. More recent studies have shown that the sensitivity and positive predictive value of cough-
ing and tachypnea vary according to the prevalence of pneumonia in the population under
study, and they recommend that the definition of a case of pneumonia should depend on
whether hospital or community studies are conducted (35).

In hospital studies, using a respiratory frequency of 40 per minute in children between 12
and 35 months was more sensitive for detecting pneumonia than the single criterion of 50
breaths per minute (36). Other studies show the importance of combining tachypnea with the
presence of subcostal retraction for pneumonia detection in children (37). These studies led
to a debate in the literature on the best way to combine respiratory signs and symptoms for
diagnosing pneumonia (38, 47). This debate hinges on such issues as variability in respirato-
ry frequency according to the age of healthy children (42), potential variability in measure-
ments of respiratory frequency according to the methods employed (43), the considerable vari-
ability among observers when patients are examined for signs of respiratory disease (44-46),
reporting of cases as results of anatomopathological examinations in autopsies, showing the
presence of pneumonia in children whose premortem X-rays were normal (47), and the
absence of coughing in newborns with pneumonia (77, 48). This led the WHO to amend its rec-
ommendation on case management in clinical institutions, establishing that children under 5
years of age with coughing or respiratory difficulty should be treated as possible cases of pneu-
monia if they have accelerated breathing or subcostal retraction (40-49). Accelerated breath-
ing is defined as =60 breaths per minute for children under 2 months of age; =50 breaths per
minute for children from 2 to 11 months of age; and 40 breaths per minute for children from
1 to 4 years of age. These recommendations have been successfully evaluated in health services
in developing countries (50, 51). Nevertheless, their usefulness in community studies has not
vet been assessed.

As shown below, the different criteria used to define a case of pneumonia in the epidemio-
logical studies that are described preclude the possibility of making a valid comparison of
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reported rates. The studies using a clinical definition with radiological confirmation yielded the
lowest incidence rates (6, 13). However, the studies defining pneumonia or ALRI on the basis
of the symptoms reported by the mother yielded the highest incidence rates (7, 28). This high-
er incidence is likely caused by the inclusion of several kinds of ALRI in the pneumonia cate-
gory, given the low specificity of symptoms reported for differentiating between pneumonia and
other kinds of ALRL

Another methodological factor that influences the reported rates is the screening of pneu-
monia cases. Only two of the seven studies conducted in industrialized countries were based on
active surveillance of children studied at the household level (7, 7). The majority were based
on passive surveillance in health centers. By contrast, only one of the 20 studies in developing
countries was based on passive surveillance (73). The vast majority were based on active
surveillance at the household level. Active surveillance has a greater probability of recording a
larger number of pneumonia cases, but it is sensitive to the frequency of household visits. As
was shown in the review of the BOSTID-sponsored research, the studies that programmed more
frequent visits (two per week) recorded higher rates of ALRI than those that programmed vis-
its every seven or 14 days (79). This may be due to a loss in the capacity to record the pres-
ence or absence of respiratory symptoms and signs as the period between the recorded obser-
vations grows in length, which other studies have shown (52, 53).

Finally, other methodological factors (i.e., the staff involved, their training and level of con-
sistency, and criteria used to define a new episode of pneumonia) have an impact on the results
of the studies (54). It is important to bear all of these factors in mind before interpreting the
rates of pneumonia or ALRI documented in the studies.

III. INCIDENCE OF PNEUMONIA OR ALRI IN COMMUNITY STUDIES

a) In industrialized countries

Six of the seven studies reviewed were conducted in the United States. The incidence of acute
respiratory diseases in general was from 4 to 9 episodes per child per year (Table 1). The inci-
dence of pneumonia varied between 0.02 and 0.03 episode per child per year as reported in
studies conducted in Seattle (2, 3), Chapel Hill (4, 5), Tucson (6), and Houston (7), in which
clinical and/or radiological diagnosis of pneumonia was used. Studies in Gallup (8) and
London (9, 70) (Table 1) found 0.1 and 0.2 episode per child per year. The overall incidence
of ALRI recorded by other studies varied between 0.06 and 1.09 episodes per child per year.
The highest rate, 2.1 episodes per child per year in male children under 1 year, was recorded
in a study conducted in Tecumseh, Michigan, which defined ALRI on the basis of symptoms
reported by the mother (7).



Table 1. Incidence (episodes per child per year) of pneumonia or acute lower respiratory infections from studies performed in developed countries

Type of No. of Rate of Definition Age (years)
Place Year Area Study Children ARI of ALRI <1 1 2 3 4 0-4 Refs.
USA
Tecumseh, MI 05-71 Urban Weekly 707 4.7-6.1 Productive cough ~ 2.1-1.5  1.6-1.2 NR’ NR NR NR 1
surveillance (5)" Pain in breathing
Sibilance
Seattle, WA 66-71 Urban Passive 13,434 4.5-5.0 Pneumonia 0.024-  0.037 0.036 — 0.024 003 2,3
surveillance (<6) Clinical 0.049
radiology
ALRI 0.043- 0.056 0.044 0.044 0.027 NR
Clinical 0.066
Chapel Hill, NC 04-75 Urban Passive 6,500 NR Pneumonia NR NR 0.046 — NR 0.036 4,5
surveillance (<15) Clinical (<6)°
ALRI 0.24 0.23 0.19 0.18 0.16 0.143
Clinical (<15)
Tucson, AZ 80-85 Urban Passive 1,179 NR Pneumonia clinical ~ 0.02 — — — — — 6
surveillance newborns and radiological
ALRL: Cough, 0.033
sibilance, abnormal
auscultation, stridor
Houston, TX 75-80 Urban Surveillance 131 8.9 Clinical 0.02- — — — — — 7
every 7-14 days  newborns Pneumonia 0.09
Clinical ALRI 0.85-1.00
Gallup, NM 72-73 Rural Passive 2,454 6.7 Cough, fever 0.25 0.0499  0.0499  0.0499 0.0499  0.0913 8
surveillance (<5) and radiology
United Kingdom
London 63-80 Urban Passive 2,074 NR Clinical 0.115 — — — —  0.094- 9,10
surveillance newborns 0.129

a. Age at beginning of the study

b. NR = Not reported

c. Age range (vears) when different from 0-4
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b) In developing countries

A review was conducted of 20 community studies recorded in the literature. Eight of them
were conducted in the Americas, three in Africa, six in Asia, and three in the South Pacific
(Table 2). The incidence of acute respiratory infections (ARI) in those studies where it was
documented generally varied from 4 to 7 episodes per child per year, similar to the incidence
reported in industrialized countries. A single study conducted in Bangkok, Thailand, reported
11.2 episodes per child per year (30). There were no major differences between regions.

In general, the incidence of pneumonia or ALRI varied between 0.06 and 2.96 episodes per
child per year. This considerable variation is a function of the different definitions of pneumo-
nia or ALRI and the different epidemiological methods used in the studies. The only study using
passive surveillance, performed in Cali, Colombia (73), recorded one of the lowest incidence
rates of clinically defined pneumonia with the assistance of radiology: 0.07 to 0.08 episode per
child per year in children under 2 years old and 0.05 episode in children from 3 to 4 years old.
Four studies conducted in Latin America used a clinical definition of pneumonia, with or with-
out radiology, as part of active case surveillance at the household level.

The pioneer study conducted in Santa Marfa Cauque, Guatemala (77), documented an inci-
dence of 0.53 episode per child per year in children under 3 years of age. A study done in San
José, Costa Rica (16) reported an incidence of 0.04 episode per child per year in children
under 5 years. Another study in Fortaleza, Brazil (77) reported an incidence of 0.19 episode
per child per year in children under 5. Finally, a study conducted in Lima, Peru (20), found
0.33 episode per child per year in children under 1 year of age (Table 2). Another study, con-
ducted in Basse, Gambia (23, 24) reported a radiological incidence of pneumonia of 0.17
episode per child per year in children under 5 who had been referred by field workers to health
centers due to the presence of potential signs of pneumonia.

The studies under review defined ALRI on the basis of symptoms or signs reported by the
mother as well as examinations performed by field workers. The reported rates varied between
0.07 and 2.96 episodes per child per year in children under 5. The seven studies reviewed,
sponsored by BOSTID and using similar methodologies and a standardized definition, were not
free from variations. The definition used by the BOSTID-sponsored studies required the pres-
ence of coughing and a respiratory frequency above 50 per minute or another sign of ALRI such
as wheezing, crepitant rale, intercostal retraction, cyanosis, or laryngeal stridor. The incidence
rates for ALRI reported in the BOSTID-sponsored studies varied from 0.07 episode per child
per year in children under 5 in Bangkok, Thailand (30), to 2.96 episodes per child per year in
children under 3 in a cohort study conducted in Montevideo, Uruguay (78). These differences
persist even after standardizing the analytical methods for defining ALRI episodes in a subse-
quent review (79). Other studies used definitions of ALRI that included coughing with respira-
tory frequency >50 per minute, subcostal retraction, or laryngeal stridor (29), or the same def-
inition in addition to wheezing (23, 24). Two studies used only coughing with an increase in
respiratory frequency as reported by the mother (27, 28), and four others used a definition that
included the presence of fever (25, 26, 32, 33). These studies reported an incidence of ALRI



Table 2. Incidence (episodes per child per year) of pneumonia or acute lower respiratory infections from studies performed in developed countries

Type of No. of Rate of Definition Age (years)
Place Year Area Study Children ARI of ALRI <1 1 2 3 4 0-4 Refs.
AMERICA
Guatemala 64-69 Rural Weekly 45 6.44 Clinical NR NR NR NR NR 0.53 11
Santa Maria surveillance newborns Pneumonia (<3)’
Cauque
Guatemala City 85-86 Urban Surveillance 521 7.28 BOSTID 0.43-0.6  0.3-0.47  0.23 0.2 0.13 NR 12
every 14 days (<5)°
Colombia 76-78 Urban Passive 4.958 NR Clinical 0.072 0.08 0.08 0.052 0.052 NR 13,14
Cali surveillance (<5) Pneumonia
+/- radiology
Cali 86-88 Urban Weekly 340 6.59 BOSTID 1.85-2.07  0.97 0.97 — — 1.71 15
Surveillance newborns (<18 mo.)
Costa Rica 66-67 Urban Weekly 54 6.15 Clinical NR NR NR NR NR 0037 16
San Jose surveillance (<5, Pneumonia
eutrophic)
Brazil 84-86 Urban Surveillance 175 NR Clinical NR NR NR NR NR 0.19 17
Fortaleza 3 x week (<5) Pneumonia
+/- radiology
Uruguay 85-87 Urban Surveillance 166 5.62 BOSTID NR NR NR — — 2.96 18,19
Montevideo every 10 days newborns (<3)
Peru 82-84 Urban Surveillance 153 NR Clinical 0.33 — — — — — 20
Lima 3 x week newborns Pneumonia
+/- radiology
Clinical ALRI 1.0 — — — — —
AFRICA
Nigeria 85-87 Urban Weekly NR 7.0 BOSTID NR NR NR NR NR 0.22 21
Ibadan surveillance
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Table 2. Incidence (episodes per child per year) of pneumonia or acute lower respiratory infections from studies performed in developed countries

Type of No. of Rate of Definition Age (years)
Place Year Area Study Children ARI of ALRI <1 1 2 3 4 0-4 Refs.
Kenya 85-88 Rural Surveillance 470 6.62 BOSTID NR NR NR NR NR 0.21 19,22
Maragua every 8 days (<5)
Gambia 87-88 Rural Weekly 500 NR Radiological NR NR NR NR NR 0.165 23, 24
Basse surveillance (<5) Pneumonia
Cough + RF > 50 0.7 0.52 0.41 0.25 0.25 0.45
per min or subcostal
retraction or sibilance or stridor
ASIA
India 08-73 Rural Weekly 1,415 43 Cough or fever or NR NR NR NR NR 0.94 25,26
Narangwal surveillance (<3) cough with nasal flaring
or intercostal retraction
Godchiroli 88-89 Rural Surveillance 692 6.47 Cough with 0.14 0.13 0.13 0.13 0.13 013 27
every 14 days rapid breathing
Pakistan 85-87 Rural Surveillance 4,605 5.12 Cough with NR NR NR NR NR 1.33 28
every 10—14 days  (<5) rapid breathing
Nepal 84-85 Rural Surveillance 904 5.04 Cough + RF>50  0.26 — — — — 0.26 29
Katmandu every 14 days (<2) per min or subcostal (<2)
retraction or sibilance or stridor
Thailand 86-87 Urban Surveillance 674 11.2 BOSTID NR AR NR NR NR 0.07 30
Bangkok 2 x week 5)
Philippines 85-87 Urban Weekly 1,978 6.1 BOSTID 0.62-0.95 0.78 0.52 0.37 024 053 31
Manila surveillance (<5)

J000] Um0 agj 3 uaApjIgd up VIOwnNaud Jo uoynjoad puy aouapIouf

<9



Table 2. Incidence (episodes per child per year) of pneumonia or acute lower respiratory infections from studies performed in developed countries

Type of No. of Rate of Definition Age (years)
Place Year Area Study Children ARI of ALRI <1 1 2 3 4 0-4  Refs.
OCEANIA
Papua New Guinea  72-73 Rural Surveillance NR NR Cough with phlegm, 0.26 0.06 0.06 0.06 NR NR 32
Tari every 14 days difficulty in breathing,
RF > 50 per min,
fever, crepitation
Tari 81-82 Rural Surveillance NR NR Cough with phlegm,  NR NR NR NR NR 0.67 33
every 14 days difficulty in breathing,
RF > 50 per min,
fever, crepitation
Goroka 80-83 Rural Surveillance 3,614 NR Cough with phlegm, 1.04 — 0.39 = — NR 33
every 14 days (<5) difficulty in breathing,

RF > 50 per min,
fever, crepitation

a. NR = Not reported

b. Range of age (vears) if different from 0-4
c. Age at the beginning of the study
d. BOSTID = definition applied in the BOSTID studies: cough + respiratory frequency (RF) > 50 per min, intercostal retraction, sibilance, stridor, or cyanosis
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that varied from 0.13 episode per child per year in Gadchiroli, India (27), to 1.33 episodes per
child per year in Pakistan (28). Both studies used a similar definition for ALRI—coughing with
accelerated breathing.

The episodes of ALRI defined on the basis of respiratory symptoms or signs without clinical
examinations probably differ not only because of possible regional variations in the incidence
of pneumonia but also because of the presence of other ALRI, in particular diseases associat-
ed with wheezing, which become defined as pneumonia because they present symptoms simi-
lar to those of clinical pneumonia.

IV. EPIDEMIOLOGICAL STUDY IN LiMA, PERU

a) Description of the study and its methodology

For the purpose of developing greater epidemiological knowledge about ARI, a prospective
study was done in Canto Grande, a densely populated area with poor socioeconomic conditions
in northeast Lima, Peru (55, 56). This community is marked by a humid climate (average
humidity of 79%, ranging from 55% to 95%), an absence of rain, and an average temperature
of 25° C (with a range from 11° to 33° C). The majority of homes are thatched or made of brick
with dirt floors that are generally damp around the house because the residents dispose of
water outside the dwellings after using it. Water is supplied by tank trucks and is stored in
household tanks or barrels. Most dwellings have electricity, although almost all of the cooking
was done with kerosene during the study.

As part of two studies done to assess the effectiveness of rotavirus vaccines, 1,500 children
were registered at birth or upon returning from the hospital during twice-weekly visits of field
workers trained for the study. This cohort was followed until the children reached 30 months
of age, after which surveillance ceased and they were removed from the study. The screening of
the children for the rotavirus vaccine study took place between July 1987 and October 1989,
inclusive. In January 1989 a cohort was added to the study to describe the epidemiology of ARL
Participants in the study included 1,371 children from the rotavirus vaccine studies and 379
children registered exclusively for the ARI study at birth, who participated only until reaching
3 months of age. Thus, a total of 1,750 children participated in the ARI study between January
1989 and February 1991, when the study concluded.

The methods used in the study were detailed in another publication (57). In short, interviews
were held twice a week with the mothers of the children targeted for epidemiological surveil-
lance for the presence or absence of respiratory signs and symptoms. Mothers were queried
about their children on the day of the visit and for each previous day dating back to the prior
visit up to a maximum 7-day period. The field workers examined all of the children less than 3
months of age at each home visit regardless of their clinical condition. Older children were
examined only if the mother reported coughing on the day of the visit or if the field worker
observed the child coughing. In the examination, the field workers counted respiratory fre-
quency for a minute, using a digital chronometer as a timer.
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If the first measurement yielded a frequency =60 breaths per minute in children under 3
months of age, 50 per minute in children 3 to 11 months, or 40 per minute in children 12
months of age or older, then a second measurement would be immediately taken. The field
worker also noted the presence of other respiratory signs detected in the examination, which
did not include auscultation. All of the data were recorded in a precoded format that was then
entered in a computerized data base.

Following the guidelines of the Program for Control of Acute Respiratory Infections of the
WHO, the workers referred the children suspected of having pneumonia or other respiratory
pathologies to one of four doctor's field offices set up for the study. At the clinic, four pediatri-
cians examined all of the children referred by the field workers and all of the children from the
study with respiratory problems who went on their own for consultations. The pediatricians
documented the clinical findings and their diagnoses in a precoded format that was then
entered into the data base. The diagnosis of pneumonia was made by the pediatricians accord-
ing to their clinical criteria. When the pediatricians or the coordinating physician for the field
study requested (for cases diagnosed as a new ALRI episode, when changes occurred in clini-
cal status, children having a history of contact with tuberculosis, and children from a sample
of patients with upper respiratory disease), chest X-rays were taken on average one day after
the visit to the health center. All of the X-rays were interpreted by a radiologist who had no
access to the children's clinical history. The radiological findings were recorded in a precoded
format and then entered into the data base.

The children participated in the study if their parents gave written authorization. The study
offered antibiotic treatment free of charge for diagnosed cases of pneumonia and dysentery.
Free treatment was also offered for cases of bronchospasm, and oral rehydration was given for
diarrhea. The field clinic operated from 8 a.m. to 6 p.m., Monday through Friday, and the pro-
ject provided transportation to the clinic for families that requested it. The hospitalized children
were visited by the coordinating physician to keep a record of the presence of pneumonia, prior
to being evaluated by the pediatricians in the study. This was how screening was done for chil-
dren in the study who had pneumonia or serious ALRI episodes.

b) Incidence of pneumonia

For this review, episodes of pneumonia were defined as beginning on the first day for which
there was a clinical record of diagnosis. The length of the episode was arbitrarily defined as the
date of the pediatric clinic visit that resulted in a positive diagnosis followed by a period of at
least 14 days without a clinic visit with a diagnosis of pneumonia.

Detection was made for 646 episodes of pneumonia, which yielded an incidence of 0.34
episode per child per year in children under 35 months. This incidence was very similar to the
incidence of 0.33 found in the same area in a study conducted between 1982 and 1984 (20).
The incidence of pneumonia was highest among children between 2, and 17 months for whom
0.40 episode per child per year was found. Incidence was slightly higher in male children and
in summer and winter months; it was lower in female children and in the months of spring and
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autumn. Of the 1,759 children studied, 1,326 were not diagnosed with pneumonia; 474 had
pneumonia; and 150 had more than one diagnosis of pneumonia. Chest X-rays (anteroposteri-
or and lateral) were taken in 80% of the diagnosed cases of pneumonia. Of these, 162 cases of
pneumonia were identified through radiography, resulting in an incidence of clinical pneumo-
nia with radiological confirmation of 0.08 episode per child per year. It is important to note
that for the first year of the study, the X-ray machine that was used did not have sufficient speed
or power to take X-rays of children in motion; as a result, many of the X-rays presented diag-
nostic problems due to the movement of the children. The machine was upgraded at the start
of the second year of the study, which led to significant improvement in quality. Several clinical
cases of pneumonia with negative X-rays might have been interpreted as positive had the nec-
essary equipment been in place from the start.

¢) Natural history of pneumonia in the community

Attempts were made to research what the variation was in the respiratory signs and symp-
toms reported by the mothers in the epidemiological surveillance and variations in the results
of the examinations performed by the field workers before and after a diagnosis of pneumonia.
The breakdown of the results is presented in another publication (57). For the review, the fol-
lowing kinds of pneumonia were identified and controls were selected as indicated:

e (linical pneumonia: episodes of pneumonia with clinical diagnosis and with radiography.

e (Clinically and radiologically confirmed pneumonia: episodes of pneumonia in which there
was a positive radiography for pneumonia within 7 days of a clinical diagnosis.

e Radiologically confirmed pneumonia: cases in which a diagnosis of pneumonia was made
through radiography when the initial diagnosis had not been for pneumonia.

e Controls from the community: randomly chosen to match each case of pneumonia, a child
of the same sex, of an age +45 days within the age of the confirmed case. The matched
cases in the control group would not have visited the pediatric clinic +10 days within the
date of the visit of the confirmed case. Children who at some point in the study had pneu-
monia were not eligible as control cases.

It was possible to match only 528 bouts of pneumonia with control cases: 358 clinical cases
of pneumonia; 134 clinically and radiologically confirmed cases; and 36 radiologically con-
firmed cases, all of whom were included in the review. Assessment was made of the data report-
ed in the household epidemiological surveillance, and the prevalence was calculated (positive
days for the sign or symptom divided by the total number of days observed) for each day of the
+30 days before or after the day of pneumonia diagnosis (i.e., the day of the visit to the clinic
in the case of positive diagnosis in the radiologically confirmed cases), which was referred to
as day 0. Data were also reviewed for the same calendar days for the matched control cases
from the community.
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The prevalence of coughing reported by the mother began to increase as of 10 days prior to
diagnosis, reaching almost 100% on day 0 for the three types of pneumonia without disparities
in the three types in the curves generated (Figure 1). By contrast, prevalence of coughing in the
community control group was around 25% of the days reported. The mothers were asked about
the intensity of coughing and its distribution throughout the day. In 40 to 50% of the confirmed
cases the mother reported moderate to severe coughing on day 0 as compared to 2% for the
control cases from the community (Figure 1). Coughing reported exclusively at night had a low
association with pneumonia and had a 10% prevalence in the control cases from the commu-
nity (Figure 1). The coughing associated with “phlegm,” also called “moist cough” by some
mothers, was also associated with pneumonia and reached an 80% prevalence on day 0 as
compared to 16% among the control group cases (Figure 2). Prevalence of coughing, both with
and without phlegm, was significantly higher than among the control group cases on any given
day during the study, whether before or after the episode of pneumonia. This suggests that some
children present a basic pathological picture that leaves them more susceptible to pneumonia.
This is a question to be addressed in future studies of the data. Higher prevalence was not found
for other signs and symptoms studied.

With regard to the presence of tachypnea, mothers were asked whether they noticed difficulty
in breathing in their children and to what it was attributed in order to explore whether or not
accelerated breathing was present. The field workers were instructed in the appropriate use of
the terms to be explored, after a study was done with the mothers in the pediatric office on the
best way to describe the symptoms of a child with tachypnea. It was found that a report of any
breathing difficulty would include a large proportion of children who only had a stuffy nose and
did not present accelerated breathing. The presence of accelerated breathing reported by the
mother began to increase 6 days prior to the diagnosis of pneumonia and reached a 55% preva-
lence in the clinically and radiologically confirmed cases, significantly higher than the 37% in
the cases of clinical pneumonia and 35% in the radiologically confirmed cases. By contrast,
accelerated breathing was reported in only 1% of the community control group (Figure 3).

The prevalence of fever reported by the mother was also significantly higher in the clinically
and radiologically confirmed cases, in which after beginning to rise 10 days prior to day 0, it
reached 64% prevalence on day 0. The maximum value was 53% in the clinical pneumonia
cases and 35% in the cases that were radiologically but not clinically confirmed, figures that
are statistically significant (Figure 4). The prevalence of fever in the control group from the
community was 3%. It is interesting to note that in the clinical and radiological-clinical cases,
fever prevalence abruptly falls after day 0, reaching a level similar to that of the control group
by day 3. This fall in prevalence was observed only with fever and not any other respiratory
symptoms or signs reported, indicating a likely response to the antibiotic therapy employed in
all cases diagnosed as pneumonia. Thus, the cases confirmed only by radiology without the ini-
tial clinical diagnosis of pneumonia and which consequently did not receive antibiotic therapy
under the project, did not present a similar drop in fever. The radiological pneumonia cases
presented a greater prevalence of fever before and after diagnosis than did the other pneumo-
nia classifications or the control group from the community (Figure 4).
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Figure 1. Prevalence of coughing, moderate to severe coughing, and nocturnal coughing
among four kinds of cases: those reported by the mother for the period 30 days prior to and after
clinical diagnosis of pneumonia, diagnosis with radiological confirmation, radiological confir-
mation without clinical diagnosis, and in cases from the community control group, which were
matched by age and sex.
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Figure 2. Phlegm: Prevalence of moist cough with phlegm as reported by the mother on each
day in the period 20 days before and after the clinical diagnosis of pneumonia, diagnosis with
radiological confirmation, radiological confirmation without clinical diagnosis, and in cases
from the community control group, which were matched by age and sex.
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Figure 3. Rapid Breathing: Prevalence of rapid breathing reported by the mother each day of the
period 30 days before and after the clinical diagnosis of pneumonia, diagnosis with radiological
confirmation, radiological confirmation without clinical diagnosis, and in cases from the commu-
nity control group, which were matched by age and sex.
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The prevalence of loss of appetite and the mothers' sense that the child looked ill followed
similar lines to the prevalence of other respiratory symptoms, reaching values close to 80% in
the radiological-clinical cases of pneumonia, 67% in the clinical cases, and between 47 and
50% in the cases confirmed solely by radiology (Figures 5 and 6). These figures showed sig-
nificant differences among themselves and greater still with those for the community control
group, where the values ran around 10%.

The study of the prevalence of nasal mucus was revealing. With a prevalence around 50% in
the control group, prevalence rose to levels of between 74 and 80% in the pneumonia cases,
but in 2 more gradual fashion than observed with the other respiratory symptoms (Figure 7).
Most of the mucous material was transparent or milky. When prevalence of greenish-yellow
nasal mucus was examined, no clear association emerged with the pictures of pneumonia,
notwithstanding the belief that this type of nasal mucus may be a risk factor for developing
pneumonia (Figure 7).

Results of examinations performed by the field workers were also reviewed. As indicated ear-
lier (42), respiratory frequency is shown to be related to the age of the child, and did not vary
when measured in a still child as compared with one who was nursing. The project used a
WHO-recommended criterion of classifying respiratory frequency as elevated if it was over 60
per minute in the first 2 months of life; over 50 from 3 to 11 months, and over 40 after 12
months of age. Because the field visit examinations were performed only twice a week, the three
kinds of pneumonia were grouped together for comparison with the community control group,
with an average of 40 to 50 examinations performed every day for each group. The prevalence
of elevated respiratory frequency increased in the cases of pneumonia 5 to 10 days prior to
diagnosis, but with a marked increase in the 48 hours prior to day 0, reaching an 80% preva-
lence in the pneumonia cases as opposed to 10% in the cases from the community control
group (Figure 8). The project required second measurements of respiratory frequency to be
taken after an initial elevated measurement. In examining both measurements of respiratory
frequency, the second measurement scarcely dropped in the cases of pneumonia, but it fell
markedly in the cases from the community control group, heightening the specificity of this
indicator (Figure 8).

The frequency of clinical signs—such as nasal flaring (14 to 17%), respiratory grunting (18
to 29%), wheezing audible to the field worker (11 to 35%), intercostal retractions (22 to 42%),
and subcostal retractions (2 to 9%)—was very low, of short duration, and associated with all
kinds of pneumonia. This suggests that these signs not be considered as part of the diagnosis of
pneumonia, but rather only as indicators of seriousness once a positive diagnosis is established.

d) Duration of respiratory signs and symptoms

The previous figures represent the reported prevalence for each day for all the cases studied,
although they do not necessarily show the duration of the symptoms in each case. On examining
the duration of the symptoms and signs reported by the mother around the day of the pneumo-
nia diagnosis, it was noted that coughing lasted an average of 15 days, phlegm 12 days, acceler-
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Figure 4. Fever: Prevalence of fever reported by the mother on each day of the 30 days before
and after clinical diagnosis of pneumonia, diagnosis with radiological confirmation, radiological
confirmation without clinical diagnosis, and in cases from the community control group, which
were matched by age and sex.
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Figure 5. Loss of Appetite: Prevalence of loss of appetite as reported by the mother on each day
of the 20 days before and after clinical diagnosis of pneumonia, diagnosis with radiological con-
firmation, radiological confirmation without clinical diagnosis, and in cases from the communi-
ty control group, which were matched by age and sex.
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Figure 6. Sickly Appearance: Prevalence of days in which the child does not look well as report-
ed by the mother on each day of the 30 days before and after clinical diagnosis of pneumonia,
diagnosis with radiological confirmation, radiological confirmation without clinical diagnosis,
and in cases from the community control group, which were matched by age and sex.
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ated respiration 5 days, and loss of appetite and general listlessness noted by the mother around
8 days. It is important to recall that this study performed a very intensive epidemiological house-
hold surveillance with excellent case screening for respiratory disease. At the same time, appro-
priate and timely treatment was offered to cases that required it. This last factor must have had
an definite impact on the duration of the respiratory symptoms and signs that were found.

e) Prognosis for community pneumonia

It is important to note that of the 646 pneumonia cases and over 1,000 cases of lower res-
piratory problems detected in this study, the majority with a bronchospastic component, only
10 cases had to be referred to a hospital for treatment. Outpatient treatment with oral antibi-
otics (cotrimoxazole) for 5 days was highly effective in treating the pneumonia cases. The treat-
ment of bronchospasm cases used albuterol inhalation over a short period of a few days. The
acute cases were treated with foot-pump-operated nebulizers, while holding the patients at the
field clinics under observation to determine how they responded and whether they would
require hospital referral. With this simple treatment arrangement, the vast majority of clinical
ALRI cases were resolved. Moreover, given the early detection and treatment, no cases were
recorded in which there were complications such as empyema or pulmonary abscess, which
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Figure 7. Prevalence of nasal mucus and greenish-yellow mucus as reported by the mother
on each day of the 30 days before and after clinical diagnosis of pneumonia, diagnosis with
radiological confirmation, radiological confirmation without clinical diagnosis, and in com-
munity control group cases, matched by age and sex.
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Figure 8. Prevalence of elevated respiratory frequency with the first and second measurements
taken by field workers from children with pneumonia for the period 30 days before and after
clinical diagnosis of pneumonia and in community control group cases matched by age and sex.
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are common in the hospital wards of Lima. Fewer than 20 of the 1,750 children who partici-
pated died during the study, far below the expected figure according to the infant mortality
observed in the areas where the study was conducted.

V. COMMENTS AND CONCLUSION

At first blush it appears that the cases of radiologically confirmed clinical pneumonia are the
most severe; however, the clinical pneumonias without radiological confirmation behave simi-
larly to those that have it, even in their response to antibiotic therapy as evidenced by the fall in
fever, suggesting that the vast majority involve similar infectious processes. Several mechanisms
can explain this.

It is known that many children with pneumonia do not initially have a positive radiography,
which appears after a few days or after the child has been appropriately hydrated. Autopsies of
children with anatomopathological confirmation of the presence of pneumonia, but who had
normal radiographies immediately prior to their deaths, confirm these observations (47).
Moreover, the radiological pneumonia cases that the pediatrician did not diagnose as such were
the least severe cases in this study, which explains why they were not clinically detected. All of
this suggested that radiography is not necessarily the “gold standard” for diagnosis of pneu-
monia, that a good clinical diagnosis is important, and that in epidemiological studies, use of
clinical criteria to detect pneumonia is sufficient, even though the radiology may be useful
mainly as a quality control measure.

There are many respiratory and nonrespiratory signs and symptoms associated with pneu-
monia. Coughing is an important symptom for identifying pneumonia, even in children under
3 months old (data not shown). This is important for case management, because the presence
of coughing may be used with assurance as a screening criterion for case evaluation.

It was distressing to see that other signs, considered more specific for pneumonia, did not
have a very high sensitivity. Although a report of accelerated respiration and a second mea-
surement to reconfirm elevated respiratory frequency were associated with pneumonia cases,
they did not attain over an 80% sensitivity, in contrast with studies on the sensitivity of these
signs conducted in hospitals. This is due in part to the majority of cases having been detected
relatively early on, thanks to the household epidemiological surveillance. It is likely that if these
cases had continued their natural course, some of the cases would have sought care at a hos-
pital and been more serious, and consequently the respiratory signs and symptoms would have
been more prevalent.

It is also important to note that even though the signs and symptoms studied were associat-
ed with pneumonia (i.e., they are sensitive), they are also present in other ALRI patterns. An
evaluation of the diagnostic usefulness of these signs and symptoms should be complemented
with a study of their specificity for patterns of other upper and lower respiratory diseases. The
preliminary results of this review would seem to indicate that the respiratory signs and symp-
toms reported by the mother or found in examinations by the field workers are also present in
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a high proportion in other respiratory patterns and so are not very specific for pneumonia. This
explains why the episodes of “pneumonia” created on the basis of symptoms and signs exam-
ined were to or three times higher than the number of clinical cases. It also explains why the
proportion of these cases that coincided with clinical pneumonia (a predictive positive value)
is no higher than 20%. These issues will be taken up again in future publications.

In conclusion, the major results may be summed up as follows:

The incidence of clinical pneumonia fluctuated between 0.01 to 0.02 episode per child per
year in industrialized countries and between 0.03 and 0.53 episode per child per year in
developing countries.

Using a definition of pneumonia based on respiratory signs and symptoms is probably not
appropriate for discriminating between pneumonia and other ALRI in community studies.
The incidence of pneumonia based on respiratory signs and symptoms varied between 0.07
and 2.96 episodes per child per year.

Radiology is important but not indispensable for diagnosing pneumonia in
community studies. A clinical diagnosis of pneumonia would seem to be at least as important.
Early and appropriate ambulatory care for pneumonia and other ALRI is highly effective for
managing these cases; it prevents the appearance of signs of seriousness, complications,
and deaths.

To confirm that a child has an elevated respiratory frequency, it is recommended that the
frequency be measured twice for a minute each time with at least five minutes lapse
between measurements.

The methodology and definition of pneumonia used by these community studies has a large
impact on the rates reported. Standardization of procedures to be followed is recom-
mended in community studies investigating the incidence of pneumonia in children.
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