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Abstract
Background and objectives—The frequency, aetiologies, and outcomes of normal chest
radiographs (CXRs) among HIV-seropositive patients with suspected pulmonary tuberculosis
(TB) have been infrequently described.

Methods—Consecutive HIV-seropositive adults hospitalized for cough of ≥ 2 weeks duration at
Mulago Hospital (Kampala, Uganda), between September 2007 and July 2008, were enrolled.
Baseline CXRs were obtained on admission. Patients with sputum smears that were negative for
acid-fast bacilli (AFB) were referred for bronchoscopy with bronchoalveolar lavage (BAL). BAL
fluid was examined for mycobacteria, Pneumocystis jirovecii, and other fungi. Patients were
followed for two months after enrolment.

Results—Of the 334 patients, 54 (16%) had normal CXRs. These patients were younger (median
age 30 vs. 34 years, P=0.002), had lower counts of CD4+ T lymphocytes (median 13 vs. 57 cells/
μL, P<0.001), and were less likely to be smear positive for AFB (17% vs. 39%, P=0.002) than
those with abnormal CXRs. Pulmonary TB was the most frequent diagnosis (44%) among those
with normal CXRs, followed by unknown diagnoses, pulmonary aspergillosis, and pulmonary
cryptococcosis. The frequency of normal CXRs was 12% among pulmonary TB patients. There
was a trend towards increased two-month mortality among patients with normal CXRs compared
to those with abnormal CXRs (40% vs. 29%, P=0.15).

Conclusions—Normal CXR findings were common among HIV-seropositive patients with
suspected TB, especially those who were young, those with low CD4+ T cell counts, and those
with sputum smears that were negative for AFB. Mortality was high among those with normal
CXRs. Normal CXR findings should not preclude further diagnostic evaluation in this population.
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INTRODUCTION
Chest radiographs (CXR) play an important role in the diagnosis of pulmonary disease in
HIV-seropositive patients, although radiographic patterns may be substantially different
from those observed in HIV-seronegative patients.1, 2 Patients with HIV infection and
pulmonary tuberculosis (TB) may have atypical CXR findings when CD4+ T lymphocyte
counts are low, 3–5 and CXRs may even appear normal in 7–14% of HIV-seropositive
patients with pulmonary TB.6, 7 Normal CXR findings have also been reported in patients
with HIV infection and other opportunistic respiratory diseases, such as pulmonary Kaposi’s
sarcoma (KS), 8 Pneumocystis jirovecii pneumonia (PCP),9 and other fungal
pneumonias.10, 11 In such patients, normal CXRs may delay diagnosis and the initiation of
appropriate treatment, resulting in increased mortality among affected patients.12

Nevertheless, few studies have investigated the epidemiology of normal CXR findings
among HIV-seropositive patients with suspected TB. Therefore, data from a prospective
cohort study of HIV-associated pneumonia in Uganda was used to assess the frequency,
aetiologies, and outcomes of respiratory complaints in this population.

METHODS
Participants

Consecutive adult patients who were admitted to the Medical Emergency Ward at Mulago
Hospital in Kampala, Uganda between September 2007 and July 2008, were screened for
eligibility, if they were suspected of having pulmonary TB, as defined by cough of at least
two weeks duration.13 Patients were excluded if they had had a cough for longer than six
months or if they were already receiving anti-tuberculosis treatment at the time of initial
evaluation.

Ethical issues
The Makerere University Faculty of Medicine Research and Ethics Committee (#2006-017),
the Mulago Hospital Institutional Review Board (#2006-017), the Committee on Human
Research at the University of California, San Francisco (#H8660-27882), and the Uganda
National Council for Science and Technology (#HS 259) approved the study protocol.

Data collection
After informed consent was obtained, research officers collected clinical and demographic
information from study participants, using a standardized questionnaire, and blood was
collected for measurement of the CD4+ T lymphocyte count. Each patient submitted two
sputum samples (one spot and one early morning), which were examined by direct light
microscopy and concentrated fluorescence microscopy according to standard protocols at
the Uganda National TB Reference Laboratory.14 Processed sputum specimens were
inoculated on two Lowenstein-Jensen slants for mycobacterial culture. Cultures were read
weekly and were considered positive if there was adequate growth (≥ 1 colony forming unit)
within eight weeks. Patients with negative smears were referred for bronchoscopy with
BAL. A pulmonologist conducted a thorough bronchoscopic inspection of all visible
airways for lesions consistent with Kaposi’s sarcoma. BAL fluid was examined for
Mycobacterium tuberculosis [acid-fast bacilli (AFB) smear and Lowenstein-Jensen culture]
at the reference laboratory, and for Pneumocystis jirovecii (modified Giemsa stain), and
other fungi (potassium hydroxide and India ink stains, and culture on Sabouraud’s agar) in
the Department of Microbiology at Mulago Hospital.
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Vital status was assessed for all patients, either by telephone or in-person, two months after
enrolment in the study. Patients who returned in person were administered a clinical
questionnaire and underwent physical examination. After clinical and microbiological data
were finalized, at least two pulmonary physicians assigned final diagnoses according to
explicit pre-defined criteria (online supporting information, pages S1–S5).

Chest radiography
All patients underwent baseline postero-anterior (PA) or, in very sick patients, antero-
posterior (AP) CXR, as a routine diagnostic procedure within 24 h of admission. Films were
taken at a penetration of 60–80 kVp and a contrast of 5–8 mAS at a focal distance of 150
cm. If a patient had had a CXR within seven days prior to admission, it was not repeated. A
medical officer photographed CXRs using a 4.1 mega-pixel digital camera. Two Ugandan
board-certified radiologists, who were blinded to the clinical presentations and final
diagnoses of the patients, reviewed and scored photographs of CXRs using a standardized
interpretation form. Any differences in interpretation were resolved by consensus, including
the interpretation of a third radiologist if necessary.

Statistical analysis
Bivariate analyses were performed to compare demographic and clinical characteristics and
outcomes in patients with or without normal CXRs, using chi-squared or Fisher’s exact tests
for dichotomous variables and the Mann-Whitney rank-sum test for continuous variables
that were not normally distributed. Clinical predictors included age, gender, smoking
history, a previous diagnosis of TB, use of antibiotics for respiratory complaints that
preceded hospitalization, prophylaxis for PCP, use of antiretroviral therapy (ART), current
CD4+ T cell count, and sputum AFB smear status. Subsequently, multivariate logistic
regression analysis with backward selection was performed to assess whether predictor
variables were associated with normal CXRs, and whether normal CXRs were associated
with increased mortality. Variables were included based on face validity or empirical
association with the outcome, if there was no possibility that they could be mediators.
Because of the relatively small sample size, an inclusive cutoff was chosen for the empirical
level of significance (P ≤ 0.2) for retention of variables. Predictor variables were also
excluded if they did not alter by 10% or more the log odds of any predictor variable that was
associated with the outcome at P ≤ 0.2. Missing continuous values were imputed as the
median for that characteristic, and it was assumed that when patients reported prior
treatments as unknown those treatments did not occur. Final models were assessed for
goodness of fit using the Hosmer-Lemeshow test, and for omitted covariates and model
misspecification using the link test. Statistical analyses were performed using STATA 11.0
(Stata Corporation, College Station, Texas, USA), with the level of significance specified as
P < 0.05.

RESULTS
Of 491 consecutive patients enrolled, a total of 407 were HIV-seropositive. CXRs were
available for 334 of these patients (Fig. 1). CXR findings were normal in 54 (16%) of these
334 HIV-seropositive patients.

Comparison of patients with normal and abnormal chest radiography
Patients with normal CXRs were younger (median age 30 vs. 34 years, P=0.002) and were
more likely to be females (72% vs. 51%, P=0.004) compared to those with abnormal CXRs.
Having a normal CXR was associated with a lower likelihood of past or current smoking
(15% vs. 28%, P=0.045), and a higher likelihood of normal physical findings (35% vs. 22%,
P=0.041). Patients with normal CXRs had lower median CD4+ T lymphocyte counts (13 vs.
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57 cells/μL, P<0.001), and were less likely to be sputum smear-positive for AFB than those
with abnormal CXRs (17% vs. 39%, P=0.002). The frequencies of other characteristics,
symptoms, and signs were similar in the two groups (Table 1).

In the multivariate analysis, having a normal CXR was not associated with the use of
antibiotics, prophylaxis for PCP, or use of ART prior to admission. After adjusting for age,
gender, smoking history, CD4+ T cell count, and sputum smear AFB status, three predictors
(younger age, lower CD4+ T lymphocyte counts, and negative sputum smear AFB status)
differed significantly between the two groups (Table 2).

Diagnoses among HIV-seropositive patients with normal chest radiography
Pulmonary TB was the most common diagnosis among 54 patients with normal CXRs
(n=24, 44%), followed by unknown diagnoses (n=19, 35%), pulmonary aspergillosis (n=3,
6%), and pulmonary cryptococcosis (n=2, 4%). Four (7%) of the 54 patients had two
simultaneous respiratory infections; two had pulmonary TB and pulmonary cryptococcosis,
and two had pulmonary TB and pulmonary aspergillosis.

The frequency of normal CXRs among culture-positive pulmonary TB patients was 9%
(14/148) compared with 20% (10/50, P=0.048) among culture-negative pulmonary TB
patients. Twenty-nine percent of patients (19/66) for whom the final diagnosis was
unknown, 14% (2/14) of those with pulmonary cryptococcosis, 60% (3/5) of those with
pulmonary aspergillosis, 0% (0/8) of those with pulmonary KS, and 0% (0/5)of patients with
PCP had normal CXRs.

TB patients with normal CXRs had a longer median hospital stay (6 days) than those with
abnormal CXRs (5 days, P=0.021), with the greatest difference being for those with culture-
negative TB (9.5 days vs. 6 days, P=0.05). In addition, TB patients with normal CXRs were
less likely to be discharged on TB treatment than those with abnormal CXRs(59% vs. 82%,
P=0.014).

Two-month follow-up and mortality
Information was available on 299 of the 334 HIV-seropositive patients (90%), two months
after discharge from hospital, including 48 of 54 patients (89%) with normal CXRs.
Mortality among these 48 patients was 40%, compared with 29% among 251 patients with
abnormal CXRs (difference 10%, 95% CI −4% to +25%, P=0.15). There were no significant
differences in mortality between those with normal and abnormal CXRs within the different
diagnostic categories, although mortality was generally higher among those with normal
radiographs compared with those with abnormal radiographs (Table 3). Even after
adjustment for potential confounders, there was no significant association between having a
normal CXR and two-month mortality (data not shown).

DISCUSSION
This is the first report on the frequency, disease aetiologies, and outcomes of normal CXRs
among HIV-seropositive patients who were hospitalized with cough of at least two weeks
duration. CXRs were normal in 16% of this population. Younger patients were more likely
to have normal CXRs, as were those with lower CD4+ T lymphocyte counts and those with
sputum smears that were negative for AFB. There was a moderate difference in mortality
between patients with normal CXRs and patients without normal CXRs, although this
analysis was under-powered and did not reach statistical significance.

Many studies have reported that radiographic findings may be normal in HIV-seronegative
patients with culture-positive TB.6, 7, 15–19 The frequency of normal CXRs has consistently
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been found to be even higher among HIV-seropositive patients (7–14%)6, 7, 18 than among
HIV-seronegative patients (1–3%).15, 17 Similar to the findings from previous studies, 9% of
patients with culture-positive pulmonary TB had normal CXRs, whereas normal CXRs were
more common among patients with culture-negative TB. Although CXR has been reported
to be a good screening tool for increasing the sensitivity of TB diagnosis in sub-Saharan
Africa, 20, 21 it is insufficiently sensitive to exclude pulmonary TB in symptomatic HIV-
seropositive patients, as previously reported.22, 23

Similar to previous reports, HIV-seropositive patients with pulmonary aspergillosis and
pulmonary cryptococcosis were also found to present with normal CXRs.10, 24 While no
patient in the present study with PCP or pulmonary KS had a normal CXR, these diagnoses
were infrequent (five patients with PCP, eight patients with pulmonary KS). Patients with
PCP or pulmonary KS are well known to present with normal CXRs, even when their
disease is clinically symptomatic.8, 9, 25–27

In the present study, CXRs were more frequently normal in patients with CD4+ T cell
counts ≤50 cells/μL than in those with higher CD4+ T cell counts. It is well-known that
HIV-seropositive patients with advanced CD4+ T cell depletion show atypical CXR findings
when co-infected with TB.4, 6, 7, 28 In one study, patients with fewer than 200 CD4+ T cells/
μL were as likely to have a normal CXR (21%) as they were to have post-primary patterns
(23%).6 Unfortunately, little is known about the relationship between opportunistic non-TB
pulmonary infections and normal CXR findings among HIV-seropositive patients stratified
by CD4+ T cell count.

Patients with sputum smears that were negative for AFB showed a higher frequency of
normal CXRs than those with sputum smears that were positive for AFB. This finding was
consistent with three studies on normal CXR findings among HIV seropositive, culture-
positive pulmonary TB patients, 12, 19, 29 one of which reported that those with normal
CXRs had a significantly lower frequency of AFB-positive sputum smears than those with
abnormal CXRs.29 Normal CXR findings among HIV-seropositive pulmonary TB patients
with AFB-negative sputum smears may be associated with lower CD4+ T cell counts.12 In
the present study, patients with AFB-negative sputum smears alone showed a higher
frequency of normal CXRs, after adjusting for other predictors, including CD4+ T cell
count.

In the present study, mortality tended to be higher among HIV-seropositive patients with
normal CXRs than among those with abnormal CXRs, although the small sample size meant
that the study was insufficiently powered to confirm this association. High mortality among
patients who did not undergo bronchoscopy (e.g. patients with AFB-positive smears) may be
associated with undiagnosed or co-prevalent pulmonary conditions, although the study
protocol did not allow us to test this hypothesis. However, there was evidence of diagnostic
and treatment delay in the form of prolonged hospitalization and under-treatment of patients
with pulmonary TB. The high mortality among patients with unknown diagnoses may reflect
the case definitions, in which culture-negative patients who died without improvement after
receiving antibiotics or anti-TB medications, were categorized as “unknown diagnoses.”
Similarly, none of the patients with culture-negative TB died, because the case definitions
were based on a favourable clinical response to treatment.

There were some limitations to this study. First, bacterial culture was not performed to
establish possible aetiologies. However, bacterial culture is not specific for bacterial
pneumonia, which is less likely among patients with cough lasting more than two weeks.
Second, postmortem examinations were not performed to establish definitive causes of death
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among the study patients. Third, CD4+ T cell counts during acute illness may underestimate
the underlying true baseline value.

In summary, CXR findings were frequently normal among HIV-seropositive inpatients with
suspected TB, especially when they were younger, or had lower CD4+ T cell counts, or
AFB-negative sputum smear results. Two-month mortality among patients with normal
CXRs may be higher than that of patients with abnormal CXRs. Therefore, a normal CXR in
a symptomatic patient with unexplained cough should not preclude further diagnostic
evaluation, such as chest computerized tomography (CT), culture for Mycobacterium
tuberculosis or fungi, or empirical treatment directed at the most epidemiologically likely
pathogens.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flow diagram showing number of patients enrolled, number who were eligible, and number
for whom data was analyzed.
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Table 1

Characteristics of patients with normal or abnormal chest radiographs

Characteristic
Chest radiograph interpretation

P value
Normal (n = 54) Abnormal (n = 280)

Age, years, median (IQR) 30 (25–35) 34 (28–40) 0.002

Female gender, n (%) 39 (72) 143 (51) 0.004

Sputum production, n (%) 47 (87) 239 (85) 0.75

Haemoptysis, n (%) 9 (19)* 75 (31)** 0.09

Dyspnoea, n (%) 26 (48) 152 (54) 0.41

Past or current tobacco use, n (%) 8 (15) 78 (28) 0.045

Previous history of TB, n (%) 0 (0)† 12 (11)†† 0.36

Use of antibiotics prior to admission, n (%) 36 (67) 186 (66) 0.97

Prophylaxis for PCP on admission, n (%) 35 (65) 151 (54) 0.14

Use of ART on admission, n (%) 9 (17) 40 (14) 0.65

Respiratory rate, breaths/min, median (IQR) 26 (20–32) 26 (20–32) 0.84

SpO2, %, median (IQR) 97 (94–99) 96 (92–98) 0.037

Normal lung examination, n (%) 19 (35) 62 (22) 0.041

CD4+ T cells/uL, median (IQR) 13 (5–91)‡ 57(20–153)‡‡ <0.001

AFB-positive sputum smear, n (%) 9 (17)§ 109 (39)§§ 0.002

Two-month mortality, n (%) 19 (40)¶ 73 (29)¶¶ 0.15

*
n =47,

**
n =239,

†
n =14,

††
n =110,

‡
n =52,

‡‡
n =274,

§
n =53,

§§
n =276,

¶
n =48,

¶¶
n =251

AFB, acid-fast bacilli; ART, antiretroviral therapy; IQR, interquartile range; PCP, Pneumocystis jirovecii pneumonia; SpO2, Oxyhemoglobin
saturation measured by transcutaneous pulse oximetry; TB, tuberculosis.
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Table 2

Unadjusted and adjusted analyses for associations of clinical characteristics with normal chest radiography

Characteristic

Unadjusted analysis Adjusted analysis

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age, per 10-year increase 0.61 (0.43–0.87) 0.007 0.67 (0.46–0.97) 0.034

Female gender 2.49 (1.31–4.72) 0.005 1.67 (0.77–3.63) 0.19

Past or current tobacco use 0.45 (0.22–0.90) 0.024 0.57 (0.21–1.55) 0.27

Use of antibiotics prior to admission 1.01 (0.54–1.87) 0.97 – –

Prophylaxis for PCP on admission 1.57 (0.86–2.88) 0.14 – –

Use of ART on admission 1.20 (0.54–2.64) 0.65 – –

CD4+ T cell count ≤50 cells/uL 2.66 (1.42–5.00) 0.002 3.67 (1.86–7.23) <0.001

AFB-positive sputum smear 0.31 (0.15–0.67) 0.003 0.22 (0.10–0.50) <0.001

AFB, acid-fast bacilli; ART, antiretroviral therapy; PCP, Pneumocystis jirovecii pneumonia; TB, tuberculosis.
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Table 3

Two-month mortality by chest radiography result and final diagnostic category

Final diagnosis, n (%)

Two-month mortality*

P valueNormal CXR (n =48) Abnormal CXR (n =251)

Culture-positive pulmonary TB 6/13 (46) 36/114 (32) 0.29

Culture-negative pulmonary TB 0/10 (0) 0/40 (0) --

Acute bronchitis 0/10 (0) 0/36 (0) --

Pulmonary cryptococcosis 0/2 (0) 1/11 (9) 1.0

Pulmonary aspergillosis 3/3 (100) 0/2 (0) 0.10

Pulmonary Kaposi’s sarcoma -- 6/8 (75) --

Other causes of pneumonia 1/2 (50) 7/8 (75) 1.0

Unknown 12/14 (86) 27/38 (71) 0.47

*
Vital status at two months was missing for 35 patients (6 with normal and 29 with abnormal baseline CXRs. The sum of patients in all categories

may exceed the total number of patients because some patients had more than one final diagnosis. TB, tuberculosis

Respirology. Author manuscript; available in PMC 2012 July 1.


