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Abstract
Background—Respiratory infections are a leading cause of death in Africa, especially among
HIV-infected patients. Data on the etiology of fatal respiratory diseases are largely based on
autopsy studies. We evaluated causes of pneumonia associated with early mortality among
hospitalized HIV-infected patients in Kampala, Uganda.

Methods—Prospective cohort study of HIV-infected patients admitted to Mulago Hospital,
Kampala, with at least 2 weeks of cough. Consecutively enrolled patients with negative Ziehl
Neelsen sputum smears for acid-fast bacilli underwent bronchoscopy with bronchoalveolar lavage
and examination for mycobacteria (smear, solid culture), Pneumocystis jirovecii (Giemsa stain),
and fungi (KOH mount, India ink stain, Sabouraud culture). Early mortality was defined as death
before the 2-month follow-up visit.

Results—Follow-up data were available for 353 (87%) of 407 patients enrolled. Of participants
with follow-up data, 112 (32%) died within 2 months. Among patients with early mortality, a
diagnosis was confirmed in 74 (66%), including tuberculosis (TB) (56%), cryptococcal pneumonia
(1%), Pneumocystis pneumonia (3%), pulmonary Kaposi sarcoma (4%), and pneumonia caused by
2 or more disease processes (3%).

Conclusions—Mortality in HIV-infected TB suspects is high, with TB associated with the
largest proportion of deaths. A significant proportion of patients die without a confirmed
diagnosis.
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INTRODUCTION
Historically, opportunistic pneumonias have been major causes of morbidity and mortality
among HIV-infected persons. In the United States and Europe, the range of opportunistic
infections and their contribution to morbidity and mortality in HIV-infected persons are well
described.1,2 In contrast, few studies have been conducted in Africa, and the causes of death
in HIV-infected individuals remain unclear in many cases.

In sub-Saharan Africa, data on causes of death from respiratory infections come largely
from several autopsy series.3-6 These studies show that tuberculosis (TB) is a frequent cause
of death, whereas Pneumocystis pneumonia (PCP) is relatively uncommon.3 Although
informative, autopsy studies have several limitations: deaths are not consecutively sampled,
and data revealing which diagnoses were known antemortem are not always provided.
Comparatively, cross-sectional studies of consecutively enrolled living patients with
respiratory infection are an improvement but also have limitations. They underestimate
overall mortality because many patients may experience poor outcomes in the weeks and
months after presentation. In addition, they are unable to identify causes of death in about
16%–33% of patients.7-9

To address these issues, we performed a prospective cohort study of consecutively enrolled
HIV-infected patients with unexplained cough admitted to a large referral hospital in
Uganda. These patients underwent standardized evaluation including bronchoscopy with
bronchoalveolar lavage (BAL) to identify the etiology of their respiratory complaints and
were followed for 2 months. Our goals were to determine the mortality rate, to describe risk
factors for mortality, and to identify diseases associated with early mortality during and after
hospitalization.

METHODS
Study Population

We performed a prospective cohort study of HIV-infected adults admitted to Mulago
Hospital between September 2007 and July 2008 with cough for at least 2 weeks but less
than six months. Patients were excluded from the study if they were receiving anti-TB
treatment or had evidence of heart failure.

Patient Evaluation
Clinical and demographic information were collected using a standardized questionnaire.
CD4+ T-lymphocyte counts were measured in all patients. Standardized evaluation for
pneumonia included chest radiography and 2 sputum specimens (1 spot and 1 early
morning) for acid-fast bacilli (AFB) smear and mycobacterial culture (Lowenstein-Jensen
media) as previously described.10 If both sputum examinations were negative for AFB on
Ziehl Neelsen smear, patients were referred for bronchoscopy with BAL. Bronchoscopic
inspection was performed to assess for tracheobronchial Kaposi sarcoma (KS) lesions, and
BAL fluid was examined for mycobacteria (AFB smear and culture), Pneumocystis jirovecii
(modified Giemsa stain), and other fungi (potassium hydroxide smear, India ink stain, and
culture on Sabouraud agar).

Vital status was assessed in all patients either by telephone or in-person 2 months after
enrollment. Patients who returned in-person answered a clinical questionnaire and
underwent physical examination. In addition, another chest radiograph and an additional
sputum test (smear and culture) were performed if patients had no clinical improvement.
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We assigned the following confirmed diagnoses: (1) Culture-positive TB—positive sputum
or BAL fluid mycobacterial culture results; (2) Smear-positive TB—positive sputum Ziehl
Neelsen AFB smear but negative mycobacterial cultures; (3) Fungal pneumonia—positive
BAL fluid smear (KOH or India ink stain), or positive fungal culture; (4) Pulmonary KS—
presence of typical lesions in the tracheobronchial tree during airway examination; and (5)
PCP—positive BAL fluid Giemsa stain. Patients were categorized as having an unknown
diagnosis if there was no confirmed etiology of their symptoms, or if the diagnostic
evaluation was incomplete. Patients in the unknown category included those who improved
on either empiric anti-TB therapy (presumed TB), or empiric antibiotic therapy (presumed
bacterial pneumonia), and those who did not receive specific treatment for any respiratory
illness.

Statistical Analysis
The primary outcome was 2-month mortality. We compared categorical variables using the
χ2 or Fisher exact test and non-normally distributed continuous variables using the Mann–
Whitney rank sum test. We defined significance in reference to the probability of a 2-tailed,
type I error (P value) less than 0.05. Although the sample size arose from convenience, we
determined the precision of all associations using 95% confidence intervals in lieu of
specific power calculations. We carried out sensitivity analyses to determine the distribution
of, and mortality related to, the various final diagnoses; first assuming all patients who were
lost to follow-up were alive at the 2-month follow-up visit, and then assuming all were dead.
We used STATA 10 (College Station, TX) for all analyses.

Ethics Approval
The Institutional Review Board of Mulago Hospital, the Makerere University Faculty of
Medicine Research Ethics Committee, the Uganda National Council for Science and
Technology, and the Committee on Human Research at the University of California, San
Francisco, all approved the study protocol.

RESULTS
Four hundred seven patients met eligibility criteria and were enrolled in the study (Fig. 1).
Of these, 54 (13%) patients were lost to follow-up at 2 months and were excluded from the
analysis. Of the 407 patients, 354 (87%) patients survived hospitalization, 53 (13%) patients
died in the hospital, and 59 (14%) patients died within 2 months after hospitalization. There
were no significant differences in baseline demographic characteristics between patients
included and those excluded from the analysis (data not shown).

Mortality
Of 353 patients included in the analysis, 112 (32%) died within 2 months of follow-up.
Among those who died, the median survival time was 12 days [interquartile range (IQR):
3.5–36.5 days] (Fig. 2). Fifty-three patients (47%) died during hospital admission, and their
median survival time was 3 days (IQR: 2–7 days). The median duration of hospitalization
for all patients was 5 days (IQR: 3–8 days).

Risk Factors for Mortality
Compared with patients alive at 2 months, those who died had lower median CD4+ T-
lymphocyte counts (24 vs. 58 cells/uL, P < 0.001), but were more likely to have known that
they were HIV infected before admission (79% vs. 68%, P = 0.027) (Table 1). Mortality in
patients whose CD4 counts were less than 50 cells per microliter was more than 3 times
greater than in those whose CD4 count was greater than 200 cells per microliter, and this
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difference was statistically significant (38% vs. 11%; P < 0.001). In addition, patients who
died were less likely to have had chest pain (54% vs. 65%, P = 0.038), but had higher
median respiratory rates (28 vs. 25 breaths per minute, P = 0.001), and lower median
baseline oxygen saturations (94.5% vs. 97%, P < 0.001) (Table 1).

Final Diagnoses
Overall, a confirmed diagnosis was obtained in 226 (64%) patients (Table 2). Among these
226 patients, 190 (54%) had a positive culture for Mycobacterium tuberculosis; 136 of the
190 culture-positive TB patients were smear positive on sputum (n = 131) or BAL
examination (n = 5). Eleven (3%) had smear-positive culture-negative TB, 4 (1%) had PCP,
10 (3%) had pulmonary cryptococcosis, and 5 (1%) had typical KS lesions in the airways.
Multiple microbiologic diagnoses were obtained in 6 (2%) patients. One hundred twenty-
seven of 353 (36%) patients were classified as having an unknown final diagnosis as
follows: 30 (8%) responded to empiric anti-TB treatment; 48 (14%) improved on empiric
antibiotic treatment; and 49 (14%) received no specific therapy.

Causes of Death
Pulmonary TB (smear positive or culture positive) was the leading cause of mortality,
accounting for 63 (57%) deaths (Table 2). A total of 52 patients, including 24 who died in
hospital, were not diagnosed with TB until after hospital discharge. Mortality associated
with PCP, fungal pneumonia, and pulmonary KS was also high, but these diseases were
uncommon and accounted for only 8% of all deaths. For 38 (34%) of the patients who died,
a confirmed diagnosis could not be identified. In sensitivity analyses, we found no
difference in the distribution of diagnoses or causes of mortality when all patients lost to
follow-up were assumed to have died or when they were all assumed to be alive.

Reasons for Unknown Antemortem Diagnoses
Of the 38 (34%) patients who died with an unknown diagnosis, 28 did not complete the
diagnostic evaluation (26 did not undergo bronchoscopy and 2 did not produce sputum)
(Table 3). The remaining 10 patients did complete the diagnostic evaluation and were started
on broad-spectrum antibiotics, but all 10 died before a response-to-treatment could be
measured.

Treatment Initiation and Mortality
Twenty-four pulmonary TB patients died in hospital, and for these patients, information on
TB treatment initiation was not available. Of the 177 total TB patients who survived
hospitalization, mortality at the 2-month follow-up visit was higher among the 35 patients
who did not initiate anti-TB treatment (n = 11, 31%) than among the 142 who did initiate
anti-TB treatment (n = 28, 20%), although this difference was not statistically significant (P
= 0.13). Of 75 patients who started ART pre-enrollment (n = 56) or at hospital discharge (n
= 19), 29 (39%) died within 2 months, which was not significantly higher than the 83 of 278
(30%) patients who died within 2 months while not on ART (P = 0.15).

DISCUSSION
This study found that in a large referral hospital in sub-Saharan Africa, 32% of HIV-positive
patients with respiratory complaints and a known outcome status died within 2 months of
admission. A large proportion of patients who died did not have a microbiologically or
bronchoscopically confirmed diagnosis before death, most often because they died before
diagnostic specimens could be collected. An equally important finding was that half of the
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patients who died within 2 months of admission died after hospital discharge. An additional
13% were lost to follow-up, and it is possible that a proportion of these patients died as well.

These results suggest that faster and more accurate diagnostic tests are urgently needed to
allow early identification of the underlying cause of respiratory illness, specifically TB, and
initiation of specific treatment. Previously, we reported that bronchoscopy increases the
sensitivity of diagnostic testing for TB and that BAL AFB smears provide a faster diagnosis
of TB than sputum AFB cultures.11 In addition, the high proportion of confirmed and
presumed TB in this cohort suggests that empiric anti-TB therapy in TB prevalent settings
such as this should be considered.12

Several factors may have contributed to the high mortality in this group of patients. Twenty-
eight percent did not know their HIV status, and for those who did know, 78% were not
receiving ART and 21% were not taking cotrimoxazole prophylaxis. Earlier initiation of
ART is associated with decreased mortality,13 and the use of cotrimoxazole prophylaxis has
been shown to reduce mortality, delay the first AIDS-defining illness by 6–12 months and
reduce the risk for bacterial pneumonia.14-16 Another factor contributing to high mortality is
that most patients also presented with advanced HIV/AIDS and a CD4+ T-lymphocyte count
below 50 cells per microliter. Although there was a greater than 3-fold increase in mortality
in patients with CD4 counts less than 50 cells per microliter compared with those with CD4
counts greater than 200 cells per microliter, implying that severe immunosuppression was a
risk factor for mortality, mortality in patients with CD4 counts greater than 200 cells per
microliter was still greater than 10%. Thus, early diagnosis, access to treatment for HIV
infection and the underlying cause of respiratory illness, and active screening and preventive
treatment for TB are essential for all patients, regardless of CD4 count, to prevent the
advanced stage of disease and mortality that we found in this group.

This study confirms the findings of previous studies, including autopsy studies done in sub-
Saharan Africa, which showed that TB is the leading cause of death in HIV-infected patients
with respiratory complaints, though it is likely to be under reported.3,4,7,13,17 Previously, we
found that clinical and radiographic findings were not able to diagnose smear-negative TB in
our cohort.18 We found that 2% of patients had more than 1 diagnosis, which is slightly
lower than the proportions of 3%–13% that have been described in other studies.1,8,9,19 This
is an important finding because infections can mimic each other clinically and radiologically
and be potentially fatal if not recognized promptly.

Thirty-six percent of the study population (127 of 353) had an unconfirmed diagnosis, which
is similar to proportions of 16%–33% that are described in other studies from sub-Saharan
Africa.7,8 The mortality among patients without a diagnosis was extremely high. This
demonstrates the need for new, rapid, highly sensitive, and specific point-of-care diagnostic
tests, especially in HIV-seropositive patients. Such tests are likely to decrease mortality,
especially in this population with advanced HIV and AIDS.

Study Limitations
A limitation of our study was that TB drug susceptibility testing was not performed.
Although HIV-infected patients with multidrug-resistant TB are twice as likely to die as
those with drug-sensitive TB,20 the prevalence of drug resistance among new TB cases in
Uganda is only 0.5%,21 and therefore drug resistance is unlikely to have contributed
significantly to the high mortality we observed.
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CONCLUSIONS
Early mortality was high in this HIV-seropositive population hospitalized with unexplained
cough. As a result of our prospective cohort study design, we were able to demonstrate that
more than half of all deaths occurred after discharge, a finding which suggests that there
may be opportunities to intervene earlier to reduce mortality. Newer and more rapid
diagnostic tests are needed to facilitate diagnosis and treatment of respiratory disease, but
empiric treatment of smear-negative TB suspects with anti-TB drugs should also be
considered in settings with high TB prevalence. Deaths from pulmonary infections,
including TB, will continue in such settings until a combination of effective preventive
measures for HIV and TB and improved diagnosis and early treatment of TB and other
common life-threatening opportunistic infections are implemented.
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FIGURE 1.
Study population. All percentages presented as a proportion of the total number of patients
enrolled. Percentages may not sum to 100% because of rounding.
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FIGURE 2.
Survival time in days in patients who died.
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TABLE 2

Final Diagnoses of All Patients and Among Those Who Died Within 2 Months of Admission

Diagnosis Total, n (%) Died, n (%)

Confirmed diagnosis 226 (64) 74 (66)

 Culture-positive TB 190 (54) 59 (53)

 Smear-positive culture-negative TB 11 (3) 4 (4)

 PCP 4 (1) 3 (3)

 Cryptococcal pneumonia 10 (3) 1 (1)

 Pulmonary KS 5 (1) 4 (4)

 Multiple diagnoses* 6 (2) 3 (3)

Unknown 127 (36) —

 Presumed TB 30 (8) NA

 Presumed bacterial pneumonia 48 (14) NA

 Received no specific treatment 49 (14) 38 (34)

Total 353 (100) 112 (100)

*
There were 6 patients with more than 1 diagnosis: 4 with culture-positive TB and either PCP (1), cryptococcal pneumonia (2), or pulmonary KS

(1); 1 with PCP and cryptococcal pneumonia; and 1 with cryptococcal pneumonia and pulmonary KS.
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TABLE 3

Reasons for Missing Diagnosis of 42 Patients Who Died Without a Confirmed Diagnosis

Incomplete evaluation: 28 patients*

 2 died before specimens were collected

 26 had no bronchoscopy done

  16 died before procedure

  5 were considered too ill

  2 patients refused

  3 left hospital before procedure

Inconclusive evaluation:10 patients†

 2 died in hospital before discharge

 8 received broad-spectrum antibiotics and died before treatment
  response could be measured

*
In an incomplete evaluation, not all specimens were collected.

†
In an inconclusive evaluation, all tests were performed but were nondiagnostic.
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