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SUMMARY

Few population-based studies have investigated the epidemiology of adult community-acquired

pneumonia (CAP). We aimed to determine the incidence of CAP in a population at high-risk for

pneumococcal disease and to evaluate a standardized method for interpreting chest radiographs

adapted from the World Health Organization paediatric chest radiograph interpretation

guidelines. We reviewed radiology records at the two healthcare facilities serving the White

Mountain Apache tribe to identify possible pneumonia cases o40 years of age. We categorized

patients with clinical criteria and a physician diagnosis of pneumonia as clinical CAP and those

with clinical criteria and an acute infiltrate as radiographic CAP. We identified 100 (27/1000

person-years) and 60 (16/1000 person-years) episodes of clinical and radiographic CAP,

respectively. The incidence of CAP increased with age. Both radiographic and clinical CAP were

serious illnesses with more than half of patients hospitalized. Our case definitions and methods

may be useful for comparing data across studies and conducting vaccine trials.

Key words: Community-acquired pneumonia, epidemiology, incidence, Native Americans,

radiology.

INTRODUCTION

Acute lower respiratory tract infections (LRI) are a

leading cause of death in the USA, and most deaths

occur in persons aged >65 years [1]. In adults, the

incidence of these infections increases with age: almost

1 million episodes occur in persons aged o65 years

and about 1/20 persons aged o85 years experience

an episode of community-acquired pneumonia (CAP)

each year [2]. Studies of the epidemiology of LRI and

CAP are complicated by the challenges in identifying

cases and the lack of standardized case definitions.

Several previous studies from industrialized countries

have attempted to estimate the incidence of CAP

[2–10]. These studies used various case definitions and

a variety of case detection methods including surveil-

lance of hospital admissions, review of administrative

data from a group health plan, and community-based

surveillance of medical practices. These approaches

have a number of limitations including the fact that

many cases of CAP are diagnosed and treated in the

outpatient setting and diagnostic coding is not always

accurate [2].
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According to standards set by the American

Thoracic Society and the Infectious Disease Society of

America, chest radiography is required to confirm the

diagnosis of pneumonia and is more sensitive and

specific than clinical findings alone [11]. Pneumonia

case definitions that depend on clinical features alone

are subject to several limitations, such as inter-

observer variability in the identification of clinical

signs and the transient nature of some clinical findings

[2]. The clinical diagnosis of pneumonia often does

not correspond to radiographic findings [2, 12]. Case

definitions based on radiographic findings are also

problematic because the interpretation of chest

radiographs (CXRs) is subjective and subject to

inter-observer variability [12–17]. The World Health

Organization (WHO) has recently published a meth-

odology for standardized interpretation of paediatric

CXRs for use in vaccine trials with pneumonia pre-

vention endpoints [18]. Ideally, standard radiogra-

phic endpoints will enable the comparison of results

across different vaccine trials and epidemiological

studies. In preparation for a possible adult pneumo-

coccal vaccine trial, we carried out a pilot study in

White Mountain Apache adults, a population at high

risk for invasive pneumococcal disease [19]. Our ob-

jectives were to test an adaptation (for adults) of the

WHO paediatric CXR interpretation system and to

estimate the incidence of CAP in adults in this popu-

lation.

METHODS

Setting

The White Mountain Apache reservation is located in

a rural area of Arizona in the southwestern United

States. Health care, including radiographic services, is

provided at no cost to patients for Native Americans

living on or near the reservation by the Indian Health

Service (IHS) hospital located in Whiteriver. The only

other source of radiography in the region is Summit

Health Care Regional Medical Center (SRMC), a

private hospital located about 10 miles from the

White Mountain Apache reservation. About 14 000

White Mountain Apache tribal members live on or

near the reservation. The IHS provides annual stat-

istics of Native Americans who use any IHS services.

This population data, known as the User Population,

is age stratified and is recommended by the IHS as

a population denominator for determining the inci-

dence of various health conditions because it captures

all persons who have used any of a wide range of

health and social services over a 3-year period. The

User Population includes all Native Americans who

have used services at a particular facility regardless of

tribal affiliation.

Case ascertainment (Fig. 1)

Step 1. We reviewed radiology records at Whiteriver

IHS Hospital and SRMC to identify all CXRs taken

over a 12-month period, between 1 February 2002

and 31 January 2003 (the most recent 12-month

period for which full data were available at the time

of study initiation), in Native Americans at least

40 years of age. A full year was studied to account for

seasonality. Persons aged o40 years were included

because the risk of pneumococcal pneumonia in-

creases with age, and this age group would probably

be eligible for future adult pneumococcal vaccine

trials.

Step 2. A study nurse reviewed the radiology report

of identified CXRs for any indication of possible

pneumonia. Normal CXRs, CXRs showing stable or

improving pulmonary findings and CXRs showing

only non-pulmonary findings such as cardiomegaly,

foreign bodies, or fractures were excluded.

Step 3. Medical records of patients who had the re-

maining, potentially abnormal, CXRs were retrieved

and reviewed to identify eligible illness episodes (the

unit of analysis). To exclude episodes of nosocomial

pneumonia, illness episodes associated with the po-

tentially abnormal CXRs were excluded if the patient

was discharged from hospital within 7 days prior to

the initial CXR or hospitalized for more than 72 h

prior to the initial CXR. To avoid double counting

events, episodes were also excluded if the patient was

previously enrolled in the study within 2 months of

the initial CXR. A single patient could have multiple

illness episodes.

Step 4. A study nurse reviewed the remaining medical

records for signs and symptoms consistent with CAP.

If any of the following features were documented in

the medical record for the illness episode associated

with the initial CXR, then the episode was included in

the study and a data collection form was completed:

. fever o38 xC (100.4 F),

. hypothermia <36 xC (96.8 F),
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. pleuritic chest pain (as indicated in the medical

record),

. tachypnoea (respiratory rate o20),

. change in mental status,

. new onset or increased cough,

. decreased breath sounds,

. increased sputum production,

. rales/crackles,

. dyspnoea/shortness of breath.

Data collection

A standardized data collection tool was used to col-

lect clinical, laboratory, and radiographic infor-

mation. A digital image of all CXRs associated with

included episodes was created from the CXR film

using a Vidar SierraTM scanner (Vidar Systems Cor-

poration, USA).

Clinical endpoint

Episodes were categorized as clinical CAP if there was

a clinical diagnosis of pneumonia and at least one

objective sign and one subjective symptom or two

objective signs of CAP. Objective signs included res-

piratory rate >20, altered mental status, temperature

>38 xC or <36 xC, decreased breath sounds, and

rales ; subjective symptoms included new or worsen-

ing dyspnoea, subjective fever, new or worsening

cough, pleuritic chest pain and increased sputum

production.

CXR interpretation

A standardized CXR interpretation system based

on the WHO Pneumonia Vaccine Trial Investigators

Group [18] paediatric reading approach was devel-

oped. We made two modifications to the WHO

methodology to address differences between adult and

paediatric pneumonia. First, because adult pneumo-

coccal pneumonia can present with a variety of CXR

findings [20, 21], we expanded the primary endpoint

to include any consolidation, infiltrate or pleural ef-

fusion substantially obscuring lung parenchyma. The

WHO definitions of these findings were used to train

study radiologists. Second, because many adults

have chronic lung disease, we assessed each illness

episode for chronicity. The process for CXR review

is outlined in Figure 1. CAP illness episodes with

CXR findings showing worsening from a baseline

CXR, improvement over time as evidenced by im-

provement in a follow-up CXR, or without compari-

son CXRs were categorized as acute. CAP episodes

with CXR findings unchanged from baseline, or

without radiographic improvement on follow-up

CXRs were categorized as chronic. Acute episodes

with any consolidation, infiltrate or pleural effusion

obscuring any part of the lung parenchyma were cat-

egorized as meeting the primary radiographic end-

point.

Digital CXRs were read by two radiologists trained

with the WHO paediatric protocol in a standardized

fashion [17]. Discrepant readings were adjudicated by

a third trained radiologist, whose interpretation was

CXR reading

Consolidation,
infiltrate or obscuring

pleural effusion

No consolidation,
infiltrate or pleural

effusion
Unable to determine

Acute process based
on comparison CXR or

no comparison CXR
available 

Primary endpoint

Chronic process
based on comparison

CXR

Non-primary
endpoint

Fig. 1. Flowchart of chest radiograph review procedure.
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accepted as definitive. Pneumonia episodes were

categorized as radiographic CAP if they met the pri-

mary radiographic endpoint and had at least one ob-

jective sign and one subjective symptom or two

objective signs consistent with CAP as described

above.

Data analysis

We used population data from the IHS User

Population to estimate the incidence of clinical and

radiographic CAP overall by age group. We examined

clinical and demographic characteristics of patients

with radiographic CAP and calculated kappa stat-

istics comparing X-ray readings between the three

reviewers. All analyses were conducted in Stata 9.0

(StataCorp, USA).

Ethics

The study was approved by the institutional review

boards of the Phoenix Area Indian Health Service and

the Johns Hopkins Bloomberg School of Public

Health. White Mountain Apache tribal approval for

the study was also obtained.

RESULTS

There were 193 possible episodes of pneumonia

identified of which 166 met clinical screening criteria.

Of these, 100 (60.2%) met criteria for clinical CAP

and 60 (36.1%) met criteria for radiographic CAP.

Radiographic evaluation of 73 (44%) subjects in-

cluded follow-up CXR. Incidence rates for clinical

and radiographic CAP are shown in Table 1. There

was substantial discordance between the clinical and

radiographic CAP episodes. Only 42 episodes met the

criteria for both representing 42% of episodes of

clinical CAP and 70% of episodes of radiographic

CAP. Both absence of the primary radiographic

endpoint and the presence of chronic changes were

important reasons why study radiologists felt that

episodes of clinical CAP did not meet criteria for

radiographic CAP.

The characteristics and outcomes of clinical and

radiographic CAP episodes are shown in Table 2.

Blood cultures were obtained in 52 (52%) of clinical

CAP episodes and were positive in five (two Strepto-

coccus pneumoniae isolates), while sputum was col-

lected from 30 (30%) of which 12 had pneumococcus

identified. Blood was obtained for culture from 31

(52%) radiographic CAP cases of which three were

positive for bacterial pathogens (two S. pneumoniae

isolates). Only 16 (27%) radiographic CAP cases had

a sputum culture collected, of which eight yielded a

pneumococcal isolate. Of the 153 episodes that met

clinical screening criteria and had CXR available for

standardized review, 69 (45%) were judged to have

radiographic CAP by reviewer 1 and 58 (38%) by

reviewer 2. Overall agreement between the two re-

viewers was 77.1%, for a kappa of 0.53. The third

reviewer evaluated 34 discordant episodes and deter-

mined that 13 met the criteria for radiographic CAP.

There were nine episodes that were only read by re-

viewers 2 and 3. Of these, the conclusion of reviewer

3 was accepted for two discordant determinations.

In addition, 24 patients who did not meet clinical

screening criteria had a standardized review by both

reviewers 1 and 2. For these episodes, overall agree-

ment was 78.3%, for a kappa of 0.31. The final

classification of these patients was four meeting the

radiographic criteria for acute pneumonia and 20 not

meeting the criteria. None of these were counted as

radiographic CAP cases as they did not meet the

study clinical screening criteria.

DISCUSSION

In this study, we found that the incidence of clinical

and radiographic CAP in White Mountain Apache

Table 1. Number of cases and incidence rates (per 1000 person-years) by age for clinical and radiographic

community-acquired pneumonia (CAP) in White Mountain Apache adults from 1 February 2002

to 31 January 2003

>40 years 40–64 years o65 years

Cases Incidence Cases Incidence Cases Incidence

Clinical CAP 100 26.7 59 19.2 41 62.2
Radiographic CAP 60 16.0 40 13.0 20 30.3
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adults agedo40 years was 26.7 and 16.0/1000 person-

years, respectively. Persons aged o65 years were

at increased risk. The clinical CAP incidence rates

measured in this study were substantially higher than

those reported in studies of populations representa-

tive of the general US population (Table 3). We were

unable to identify any comparable studies of radio-

graphic CAP incidence from a representative US

population. We did identify one comparable study of

radiographic CAP incidence from another Native

American population which found high rates of

radiographic CAP in Navajo adults [3]. However,

comparisons between studies should be interpreted

with caution because of differences in case definitions

and surveillance methods as well as temporal varia-

bility in pneumonia incidence [7]. Many factors could

influence CAP incidence. Whether our findings are

generalizable to other Native American groups is not

known.

We may have underestimated the burden of CAP in

several ways. First, we would not have identified any

cases that did not undergo CXR. Because CXR is

provided by the IHS at no cost to the patient, there

were no financial barriers to obtaining a CXR once

the patient had presented for care. However, there is

no standard policy on obtaining CXR for suspected

pneumonia at the Whiteriver IHS facility and clin-

icians may not have felt that CXR was indicated in

some cases. Because this was a retrospective study, we

could not influence whether CXR was done. We could

not identify any efficient mechanism, using existing

data, to determine the proportion of pneumonia cases

that were diagnosed without CXR at these facilities.

Second, cases diagnosed in a facility other than the

two study hospitals would not have been identified by

our surveillance system. The remote location of the

White Mountain Apache reservation and the pay-

ment coverage offered by IHS reduce the likelihood

that many cases were diagnosed in other facilities.

Third, we did not audit the excluded cases to deter-

mine whether our method for screening CXR reports

may have missed cases of pneumonia.

We did not aim to evaluate the aetiology of pneu-

monia in this population. As this was a retrospective

study, diagnostic testing was done at the discretion of

treating physicians. Blood cultures were collected in

some patients, but were rarely positive. Blood culture

is rarely positive in CAP [12]. However, we did find a

small number of subjects with a positive blood cul-

ture. Both subjects with pneumococcal bacteraemia

Table 2. Characteristics and outcomes for patients with clinical and

radiographic community acquired pneumonia (CAP) in White Mountain

Apache adults from 1 February 2002 to 31 January 2003

Characteristic
Clinical
CAP

Radiographic
CAP

Male sex 48 (48) 29 (48)

Mean age, yr (range) 60.6 (40–87) 58.0 (40–87)
Fever o38 xC (100.4 F) 37 (37) 20 (33.3)
Hypothermia <36 xC (96.8 F) 4 (4) 3 (5)
Pleuritic chest pain 12 (12) 10 (16.7)

Tachypnoea (respiratory rate o20) 81 (81) 45 (75)
Change in mental status 6 (6) 4 (6.7)
New onset or increased cough 80 (80) 46 (76.7)

Decreased breath sounds 30 (30) 24 (40)
Increased sputum production 42 (42) 25 (41.7)
Rales/crackles 66 (66) 40 (66.7)

Dyspnoea/shortness of breath 41 (41) 24 (40)
History of pneumococcal polysaccharide
vaccination

49 (49) 25 (41.7)

Mean time since pneumococcal polysaccharide

vaccination, years (range)*

2.9 (0–13) 3.3 (0–17)

Hospitalization 56 (56) 35 (58.3)
Admission to intensive-care unit 3 (3) 6 (10)

Death 3 (3) 4 (6.7)

Figures are number (%) except where otherwise specified.
* Of those with known date of vaccination, n=48 clinical CAP and n=24 radio-
graphic CAP.
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met the criteria for both clinical and radiographic

pneumonia.

Recognizing that CXRs are done for many reasons

other than suspected pneumonia, we were concerned

that radiographic surveillance might be an inefficient

strategy for identifying possible pneumonia cases.

One objective of our project was to develop an ef-

ficient system for identifying radiographic CAP that

would minimize the number of medical records re-

viewed and CXR assessments done without sacrificing

sensitivity. Even in the face of broad, highly sensitive

criteria for features consistent with pneumonia, we

were able to exclude 78% of CXRs by screening

the onsite radiology report. This step substantially

reduced the cost of the surveillance. However, we did

not review any excluded CXRs to assess the sensitivity

of our approach. Of the 25 patients who did not meet

the clinical screening criteria for clinical CAP but who

had a standardized CXR evaluation, 16% had CXR

findings consistent with acute pneumonia. This ob-

servation suggests that our approach may have

missed some cases of CAP.

Developing standardized, reproducible definitions

of pneumonia for epidemiological studies and clinical

trials is difficult. Our results showed substantial

discordance between the clinical CAP and radio-

graphic CAP case definitions. While the clinical fea-

tures of clinical and radiographic CAP were similar,

there were more clinical CAP cases than radiographic

CAP cases, even with a radiographic endpoint that

included any evidence of consolidation, infiltrate or

pleural effusion. We found that study radiologists

categorized some cases of clinical CAP as having no

infiltrate, indicating that the clinical features of CAP

can be non-specific and not associated with CXR

changes [12]. Study radiologists categorized some

cases of clinical CAP as having stable chronic changes

on CXR. It is possible that chronic lung disease can

complicate both the clinical and radiographic diag-

nosis of CAP. Another possible explanation for dis-

cordance between clinical and radiographic CAP

may be inter-observer variability in interpretation of

CXRs. The two reviewers in our study only agreed

on the CXR interpretation in 77% of cases. Inter-

observer variability could lead to misclassification of

radiographic CAP cases. Finally, it is possible that

study radiologists disagreed about subtle CXR find-

ings and the result of requiring two reviewers to concur

Table 3. Incidence of community-acquired pneumonia in different populations

Study Reference Location Case definition
Age group,
years

Incidence
(per 1000
person-years)

Case definitions based on clinical diagnosis

Foy [8] Washington 1971–1972 Physician diagnosis 15–29 5
30–69 Intermediate

o70 16
Woodhead [9] England 1984–1985 Physician diagnosis 15–79 4.7
Gable [10] Minnesota 1986–1988 Physician diagnosis o50 11
Jackson [2] Washington 1998–2001 Physician diagnosis (in-patient) or

physician diagnosis and CXR
done and antibiotic prescription
(outpatient)

o65 28.4

Watt Current
study

White Mountain Apache
Reservation 2002–2003

Physician diagnosis and clinical
features and CXR done

40–64 19.2
o65 62.2

Mixed case definitions

Jokinen [6] Finland 1981–1982 New infiltrate on CXR, or

Clinical diagnosis if CXR
uncertain

45–59 8.4

60–74 15.4
o75+ 34.2

Case definitions based on abnormal CXR

Oseasohn [3] Navajo Nation

1971–1973

Infiltrate on CXR and fever 50–64 26.1

o65 53.4
Almirall [5] Spain 1993–1995 New infiltrate on CXR and

clinical features
40–64 1–2
o65 3.2

Watt Current study White Mountain Apache

Reservation 2002–2003

New infiltrate on CXR and

clinical features

40–64 13

o65 30.3

Pneumonia incidence in Native Americans 1151

https://doi.org/10.1017/S0950268809991464 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268809991464


on the presence of an abnormality selects for more

prominent CXR changes. Without a gold standard

definition of pneumonia, it is impossible to evaluate

the sensitivity and specificity of the radiographic

endpoint used in this study. The challenges of estab-

lishing standardized criteria for reading of CXRs have

been well described by the WHO working group on

paediatric CXRs [18, 22]. Interpretation of adult films

is complicated further by the increased prevalence of

chronic lung changes. In the paediatric exercise 13/20

readers had a kappa >0.6 for agreement with the

gold standard reading, compared to a kappa of 0.53 in

our study. Our data suggest that additional training

to reduce inter-observer variability in CXR reading

may be needed before using this method more

broadly. Further, additional study is needed to

validate our methods of interpretation of adult CXRs

in other settings and to compare it to alternative

strategies.

This pilot study aimed to measure the incidence of

radiographically confirmed pneumonia in a Native

American population known to be at high risk for

invasive pneumococcal disease, and evaluate amethod

for radiographic surveillance for CAP. Despite sub-

stantial discordance between reviewers of the CXRs,

the incidence estimate for radiographic CAP only

varied by about 15% depending on the reviewer,

suggesting that this method may be useful for future

studies of incidence. On the other hand, further

standardization is necessary prior to employing this

method in vaccine trials with CXR-confirmed pneu-

monia as an endpoint.

APPENDIX

Excerpt from WHO definitions of chest X-ray findings [23]

Definitions of terms for the purposes of this study

(1) Infiltrate : any pathologic density in the lung.
(2) Alveoli : tiny air-filled spaces where oxygen and CO2 are exchanged (see diagram B*).
(3) Bronchi : tubes leading from the trachea to the alveoli.
(4) Interstitium (adi : interstitial) : lung tissue outside the air-containing spaces : includes support tissues, blood vessels,

bronchial walls, lymphatics.
(5) Alveolar infiltrate : alveoli filled with fluid (pus, oedema, etc.).
(6) Heart and diaphragm borders : see accompanying diagram A.

(7) Air bronchogram: branching linear lucent structure representing air still present in bronchi after the alveoli around
them have consolidated ; not to be confused with peribronchial thickening (an interstitial infiltrate).

(8) Consolidation : especially dense, often homogeneous, confluent alveolar infiltrate sometimes may encompass an entire

lobe or large segment, fluffy, mass-like, cloud-like density, erases heart and diaphragm borders (silhouette sign) ; often
contains air bronchograms.

(9) Atelectasis : volume loss as air is absorbed from lung tissue, usually distal to an airway obstruction (e.g. a mucous plug).
The lung tissue collapses like a Japanese fan, leaving a dense streak on the film that radiates outward from the hilum

(see diagram D).
(10) Interstitial infiltrate : includes peribronchial thickening and tiny areas of atelectasis (thought to be typical of viral

infection).

(11) Pleural effusion: fluid collecting in the pleural space around the lung, seen as a dense rim (the same density as the chest-
wall muscles) interposed between the lung and the ribs (diagram C).

(12) Peribronchial thickening or cuffing: increased density of the walls of the smaller bronchi (away from the immediate

hilar area) so that they become visible as circles or parallel lines (diagram E).

Definitions of study end-points

Quality

(1) Uninterpretable : an image is classified as ‘uninterpretable ’ if the features of the image are not interpretable in terms of
presence or absence of ‘primary end-point ’ without additional images. No further reading should be made for such

images.
(2) Suboptimal : an image is classified as ‘suboptimal ’ if the features allow interpretation of primary end-point but not of

other infiltrates or findings. No entries should be made for other infiltrates for such images.

(3) Adequate : an image is classified as ‘adequate’ if the features allow confident interpretation of end-point as well as other
infiltrates.
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Classification of findings

(1) Significant pathology : this refers specifically to the presence of consolidation, infiltrates or effusion. If none of these are

present then no further reading or recording is required for that film.
(2) End-point consolidation : a dense opacity that may be a fluffy consolidation of a portion or whole of a lobe or of the

entire lung, often containing air bronchograms and sometimes associated with pleural effusion.
(3) Other (non-end-point) infiltrate : linear and patchy densities (interstitial infiltrate) in a lacy pattern involving both

lungs, featuring peribronchial thickening and multiple areas of atelectasis. Lung inflation is normal to increased. It also
includes minor patchy infiltrates that are not of sufficient magnitude to constitute primary end-point consolidation, and
small areas of atelectasis which in children can be difficult to distinguish from consolidation.

(4) Pleural effusion: this refers to the presence of fluid in the pleural space between the lung and chest wall. In most cases
this will be seen at the costo-phrenic angle or as a layer of fluid adjacent to the lateral chest wall. This does not include
fluid seen in the horizontal or oblique fissures. Pleural effusion is considered as primary end-point if it is in the lateral

pleural space (and not just in the minor or oblique fissure) and is spatially associated with a pulmonary parenchymal
infiltrate (including other infiltrate) OR if the effusion obliterates enough of the hemithorax to obscure an opacity.

Conclusions

(1) Primary end-point consolidation or pleural effusion: the presence of end-point consolidation (as defined above) or

pleural effusion that meets criteria for primary end-point (as defined above).
(2) Other consolidation/infiltrate : the presence of other (non-end-point) infiltrate as defined above in the absence of a

pleural effusion.
(3) No consolidation/infiltrate/effusion: absence of end point consolidation, other infiltrate or pleural effusion.

* Diagrams cited in the Appendix are available in the WHO Report [23].
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