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Abstract
BACKGROUND—The human immunodeficiency virus (HIV) alters the presentation of
pulmonary tuberculosis (PTB), but it remains unclear whether alterations occur at a CD4 cell
threshold or throughout HIV infection.

OBJECTIVE—To better understand the relationship between CD4 count and clinical and
radiographic presentation of PTB.

SETTING AND DESIGN—Initial presentations of culture-confirmed PTB patients evaluated at a
Ugandan national TB referral center and an affiliated research unit were compared by HIV status
and across 11 CD4 cell count strata: 0–50 to >500 cells/µl.

RESULTS—A total of 873 HIV-infected PTB cases were identified. Among HIV-infected PTB
cases with CD4 < 50, 21% had a normal chest X-ray (CXR) vs. 2% with CD4 > 500, with a
continuous trend across CD4 strata (test for trend, P < 0.001). All radiographic manifestations of
PTB displayed significant trends across CD4 strata. HIV-infected vs. non-HIV-infected patients
had no significant difference in CXR findings of miliary patterns or pleural effusion at CD4 > 100,
normal CXR or fibrosis at CD4 > 150, adenopathy at CD4 > 250, and cavitation or upper lung
disease at CD4 > 300. Twenty-three per cent of co-infected cases with CD4 < 50 and 1% with
CD4 > 500 had negative acid-fast bacilli (AFB) smears, with a significant trend between (P <
0.001).

CONCLUSION—Variations in CXR appearance and AFB smear correlate with CD4 decline in
significant, continuous trends.
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Approximately one third of the 33 million persons living with the human immunodeficiency
virus (PLHIV) worldwide are infected with Mycobacterium tuberculosis.1 Of the estimated
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700 000 HIV-infected people with active tuberculosis (TB), 85% live in sub-Saharan Africa,
and TB is the leading cause of death among PLHIV in Africa.2–4 PLHIV are at higher risk
of developing and of dying from TB compared to non-HIV-infected people.5,6 Shortening
the time to pulmonary TB (PTB) diagnosis and treatment initiation is an important step in
reducing TB-associated mortality and transmission.

One major challenge to diagnosing PTB is alteration of the presentation of PTB due to HIV
infection. The problem is exacerbated in resource-limited settings without routine access to
mycobacterial culture. Alteration in the clinical and radiographic presentation of PTB
among HIV-infected persons has long been recognized.7,8 Multiple studies have
demonstrated variation in the radiographic presentation of PTB by HIV infection status or
CD4 cell count cut-offs.9–12

However, previous studies of PTB presentation in HIV-infected persons have generally
dichotomized the CD4 cell count (e.g., above or below 200 cells/µl) to describe the level of
immune suppression, or simply compared the clinical and chest X-ray (CXR) findings of
PTB among HIV-infected and non-HIV-infected patients. In this study, we evaluated PTB
presentation across a large range of CD4 strata in a cohort of HIV co-infected cases in
Kampala, Uganda, to better understand the relationship between CD4 cell count and clinical
and radiographic presentation of PTB.

METHODS
Subjects

We retrospectively evaluated sputum culture-confirmed cases of PTB seen at the National
Tuberculosis and Leprosy Program (NTLP) clinic in Kampala, Uganda, and referred to the
Case Western Reserve University Tuberculosis Research Unit (TBRU) in Kampala between
2004 and 2008. The NTLP clinic is both the national TB referral center for Uganda and the
largest TB treatment clinic in Kampala. For study inclusion, patients had to be ≥15 years of
age; have undergone an initial screening interview to capture demographic and clinical
information, a physical examination, and a CXR; and to have sputum acid-fast bacilli (AFB)
smear, mycobacterial culture and HIV antibody test results available from the time of initial
presentation with PTB.

Radiographic screening
CXRs at the time of initial presentation to the NTLP were evaluated by the study radiologist,
who was blinded to the subjects’ HIV status, AFB smear and culture results. The radiologist
completed a standardized CXR evaluation form that included a rating of the extent of lung
disease, as well as the presence or absence of the following: upper lung field infiltrates,
lower lung field infiltrates, fibrosis, cavitary disease, miliary disease, adenopathy and pleural
effusion.

TB diagnostic testing
AFB smear was performed at the NTLP with carbol fuchsin staining and interpreted using a
standard scale to quantify bacilli per high power field, ranging from negative to 3+.13 Two
sputum culture systems were used: a 7H10 solid media culture and a liquid culture using a
BACTEC system (BD Diagnostic Systems, Sparks, MD, USA). Positive liquid cultures were
evaluated by smear for AFB and, if positive, polymerase chain reaction (PCR) was used to
distinguish M. tuberculosis from other mycobacteria. A patient was classified as having
culture-confirmed PTB if at least one sputum sample grew one or more colonies of M.
tuberculosis.
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HIV testing/CD4 analysis
HIV antibody status was determined using the Determine HIV 1/2 rapid test (Inverness
Medical, Princeton, NJ, USA), followed by confirmation of all positive results using the
Clearview HIV 1/2 STAT-PAK rapid test (Inverness Medical). All HIV-infected subjects
were referred for HIV treatment. We were unable to confirm whether or not subjects were
taking antiretroviral therapy (ART) at the time of presentation. CD4 counts were determined
for HIV-infected subjects at initial presentation to the NTLP using a FACSCalibur flow
cytometer (BD).

Statistical methods
Symptoms, signs and CXR findings at the time of presentation were compared by HIV
status and, among HIV-infected subjects, across 11 strata of absolute CD4 cell count from
0–50 to >500 cells/µl. Comparisons of signs and symptoms by HIV infection status were
performed using the Pearson χ2 test, and by the Student’s t-test when comparing means.
Variations in presentation across CD4 strata were evaluated graphically and by non-
parametric tests for trend, using the method developed by Cuzick, an extension of the
Wilcox rank-sum test.14

Multivariate logistic regression analysis was performed for the outcome of normal CXR. We
included age, sex and a history of tobacco use in our logistic model, as all three variables
may be independently associated with CXR abnormalities. Cough duration was included
based on the finding that HIV infection was associated with a significantly shorter mean
duration of cough (see Table 1) at the time of diagnosis. We chose to define immune status
according to a CD4 cell count of ≤150 or >150 cells/µl among the HIV-infected in our
logistic model, based on our study findings of the CD4 cell count threshold above which
HIV-infected and non-HIV-infected PTB cases did not display significant differences in the
proportion with normal CXR. All analyses were performed using Stata 10 software (Stata
Corp, College Station, TX, USA).

Ethical approval
The Uganda National Council of Science and Technology, the Ugandan Joint Clinical
Research Centre, and the University of California, San Francisco Committee on Human
Research approved this study.

RESULTS
Patient population

Among patients with suspected pulmonary TB evaluated at the NLTP clinic, 4911 were
referred to the TBRU from September 2004 to July 2008 based on their willingness to
participate in clinical research. Culture results were available for 2750 patients, of whom
2014 (73%) had a sputum culture positive for M. tuberculosis. Of the 2014 culture-positive
sputum samples, 873 (43%) were TB-HIV co-infected. CD4 cell counts were obtained in
867 (99%) of the HIV-infected patients and were distributed across 11 strata (Figure 1).
CXR results were available for 848 (97%) of the 873 HIV-infected and 1085 (95%) of the
1141 non-HIV-infected patients with PTB.

Variation in PTB presentation by HIV status
In a comparison of PTB cases with and without HIV infection, baseline demographic
characteristics were similar except that HIV-infected patients tended to be older and were
more likely to be female, not to have attended college or technical school, and to self-
identify as widowed, separated or divorced than non-HIV-infected patients (Table 2). HIV-
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infected patients with PTB differed significantly in their clinical and radiographic
presentation from non-HIV-infected patients with PTB, with the exception of reporting
cough for >3 weeks (Table 1).

Influence of level of immune suppression on clinical presentation
Among the HIV-infected patients with PTB, decreasing CD4 cell count was significantly
associated with an increase in the likelihood of having experienced subjective fever (test for
trend, P < 0.001), weight loss (P = 0.001 for trend), malaise (P = 0.005 for trend), diarrhea
(P = 0.001 for trend), and loss of appetite (P < 0.001 for trend). The proportion of HIV-
infected patients with hemoptysis declined with decreasing CD4 count (P = 0.004 for trend),
as did their mean duration of cough prior to presentation (P < 0.001 for trend). Decreasing
CD4 cell count also correlated with an increasing likelihood of having an objectively
measured fever (P <0.001 for trend) and a normal chest examination (P = 0.025 for trend).

AFB smear-negative disease
AFB smear-negative, culture-positive PTB was increasingly common with decreasing CD4
cell count (P < 0.001, for trend). Of 141 subjects with a CD4 < 50 cells/µl, 32 (23%) were
AFB smear-negative, compared with only 1 of 114 (0.9%) with a CD4 > 500 cells/µl
(Figure 2). As patients presented with lower CD4 counts, there was a significant decrease in
high bacillary burden (3+ AFB) smears (P < 0.001 for trend) and an increase in low
bacillary burden (1+ AFB) smears (P = 0.01).

Influence of level of immune suppression on chest X-ray findings
Among the HIV-infected patients with PTB, CXR findings varied with CD4 cell count.
CXR findings of cavitary disease (P < 0.001 for trend), fibrosis (P = 0.001 for trend), and
upper lobe disease (P < 0.001 for trend) were less likely to be present as CD4 cell count
declined (Figure 3). Radiographic findings of normal CXR (P < 0.001 for trend), miliary
disease (P = 0.02 for trend), adenopathy (P < 0.001 for trend) and pleural effusion (P = 0.03
for trend) were more likely to be present as CD4 cell count declined (Figure 4).

CD4 cell count thresholds above which HIV-infected and non-PTB-infected cases no
longer differ in CXR presentation

The CD4 cell count above which there was no significant difference in the likelihood of a
radiographic characteristic being present or absent in HIV-infected and non-HIV-infected
patients with PTB varied by CXR finding. HIV-infected patients with PTB compared to
non-HIV-infected patients had no significant difference in the CXR findings of a miliary
pattern or a pleural effusion above a CD4 cell count of 100 cells/µl, a normal CXR or
fibrosis on CXR at a CD4 cell count > 150 cells/µl, adenopathy on CXR at a CD4 cell count
> 250 cells/µl, and cavitation and upper lung disease at a CD4 cell count > 300 cells/µl.
Among HIV-infected patients with PTB and a CD4 cell count > 400 cells/µl, the proportion
with a negative AFB smear (4%) was not significantly different from that of non-HIV-
infected patients with PTB (6%, P = 0.35).

Predictors of a normal CXR at initial presentation among patients with PTB and HIV
In a multivariate logistic regression model to evaluate factors associated with having a
normal CXR, the factors never having smoked, negative AFB smear and CD4 cell count <
150 cells/µl were all significantly associated with an increased likelihood of having a normal
CXR, after adjusting for age, sex and cough duration (Table 3).
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DISCUSSION
Our data show that, among HIV-infected patients, variations in CXR appearance and AFB
smear at initial presentation with PTB occur continuously as patients present with lower
CD4 counts. Previous studies have shown that AFB smear-positive PTB and the CXR
findings of cavitary disease and upper lobe infiltrates are relatively less common in HIV-
infected compared to non-HIV-infected persons.9,15–17 Radiographic characteristics such as
mediastinal lymphadenopathy, pleural effusion, and lower lobe and miliary disease have
been shown to be relatively more common in HIV-infected compared with non-HIV-
infected persons,12,18 as has normal CXR.19 However, few studies have examined the
relationship between level of immune suppression as measured by absolute CD4 cell count
and the clinical and radiographic findings in HIV-infected patients with PTB across a
spectrum of immune suppression rather than the dichotomous CD4 cut-off of greater or less
than 200.12,18,20 Analysis of trends across multiple CD4 cell count strata shows that changes
in CXR appearance of PTB occur in a continuous fashion across the range of CD4 counts
rather than at a CD4 cell count threshold, and allows for a more nuanced understanding of
how PTB presentation varies as patients present with lower CD4 cell counts. The continuous
variation in CXR appearance of PTB across a wide range of CD4 cell counts suggests that
CXR becomes increasingly insensitive for PTB diagnosis in HIV with advancing
immunosuppression, even in patients with CD4 cell counts as high as 350 cells/µl.

Our findings reinforce some of the immense challenges in TB diagnosis faced by clinicians
in resource-limited settings relying on symptoms, smear and/or CXR, and the importance of
routine culture for TB diagnosis in HIV-infected patients. The limited sensitivity of
symptoms in active case finding has been demonstrated. 21–23 In addition, symptoms at
presentation among HIV-infected TB suspects are non-specific and in our population were
exceedingly common, even in patients without PTB (data not shown). AFB smear is also
insensitive in patients with HIV, and performed worst in patients with advanced immune
suppression. Although our study population had a relatively low prevalence of AFB smear-
negative disease (16% in HIV-infected patients overall compared to past estimates of 30–
50%,11,15,24 likely a function of the NTLP’s role as a referral center), the trend indicates
that in some settings, the prevalence of AFB smear-negative PTB in HIV-infected patients
with advanced immune suppression may exceed 50%.

From the clinician’s point of view, our data suggest that CXRs cannot be used to rule out
PTB in patients with advanced immunosuppression. A normal CXR at the time of
presentation with PTB represents a major obstacle to PTB diagnosis. Our findings are
consistent with previously published estimates of HIV-infected patients presenting with
normal CXRs of approximately 2–22%.11,12,19,25 Along with limited sensitivity of CXR in
patients with HIV infection is the problem of specificity, as the differential diagnosis for an
abnormal CXR in an HIV-infected patient is broad and includes common diseases such as
bacterial and fungal pneumonia. However, an abnormal CXR still remains a useful tool in
PTB suspects, and the positive predictive value of CXR for PTB will likely remain high in
settings with high TB prevalence. On the other hand, given the combination of nonspecific
symptoms and a relatively high proportion of smear-negative PTB cases among culture-
confirmed patients presenting with CD4 cell counts < 100, our finding of frequent normal
CXRs in PTB patients with advanced HIV underscores the difficulty of diagnosing PTB in
high HIV prevalence settings. Efforts to build capacity for routine sputum culture of TB
suspects, HIV testing and earlier initiation of ART are likely to reduce the burden of
unrecognized TB in communities with high HIV prevalence and TB incidence, until more
sensitive, rapid, and point-of-care TB diagnostics are available.

Chamie et al. Page 5

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2011 February 4.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Our study has several limitations. As the NTLP is a referral center for Uganda, it is likely
that patients with PTB seen at the NTLP have more severe or clinically advanced PTB in
comparison with a general TB population. Patients are often referred when community
providers have a high suspicion for TB, and delays between referral and evaluation at the
NTLP are common. These factors may select for smear-positive patients and explain the
relatively low prevalence of AFB smear-negative PTB. Another potential limitation is our
inability to confirm whether or not subjects were taking ART at the time of presentation, as
immunologic restoration due to ART might impact the presentation of PTB independent of
CD4 count. Based on a self-report of negative HIV status and using cross-referenced data
from another ongoing clinical study of ART-naïve patients in this population, we were able
to confirm that at least 61% of subjects were not taking ART. It is possible that our
definition of ‘culture-confirmed’ using ≥1 colony-forming unit (cfu) of M. tuberculosis in
sputum culture may have led to the misclassification of PTB cases. This case definition, in
contrast to a definition requiring a higher colony count (e.g., ≥10 cfu), increases the risk that
we included subjects with false-positive cultures in our PTB group. However, on reanalysis
using a definition of ‘culture-confirmed’ of ≥10 cfu of M. tuberculosis in sputum culture,
the results remained unchanged.

The strengths of our study include restricting our analysis to culture-confirmed cases of PTB
and the availability of CD4 cell counts at the time of presentation with PTB. Few studies in
sub-Saharan Africa have evaluated PTB presentation according to CD4 count in culture-
confirmed PTB cases, and to our knowledge none have been as large.12,26 The large sample
size allowed for evaluation of PTB presentation across a much higher resolution of CD4
strata than has been previously published, and for analysis of the relatively uncommon
outcome of normal CXR in PTB.

Improvement in our understanding of the impact of declining CD4 cell count on the
presentation of PTB allows clinicians to more accurately assess their patients’ likelihood of
PTB and clarifies the limitations of current diagnostic tools among HIV-infected patients.
Patients most in need of a rapid TB diagnosis, the most severely immune-suppressed, remain
at highest risk for misdiagnosis given the poor performance of CXR, symptom screening
and sputum microscopy in this group. Further research into developing more sensitive, rapid
and point-of-care diagnostics for M. tuberculosis, as well as validation of their efficacy
among HIV-infected patients with advanced immunosuppression, should be made an urgent
priority.
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Figure 1.
Distribution of pulmonary tuberculosis cases by CD4 cell count in HIV-infected persons. TB
= tuberculosis; HIV = human immunodeficiency virus.
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Figure 2.
Proportion of HIV-infected patients with culture-confirmed pulmonary TB with negative
AFB smear on initial presentation, by CD4 cell count. Error bars: 95% CIs (binomial exact)
for the proportion of subjects with AFB smear-negative TB infection by CD4 strata. AFB =
acid-fast bacilli; HIV = human immunodeficiency virus; TB = tuberculosis; CI = confidence
interval.
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Figure 3.
Proportion of HIV-infected patients with culture-confirmed pulmonary TB with cavitation
on chest X-ray at initial presentation, by CD4 cell count. Error bars: 95% CIs for the
proportion of subjects with TB infection and cavitation on chest X-ray at initial presentation
by CD4 strata. HIV = human immunodeficiency virus; TB = tuberculosis; CI = confidence
interval.
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Figure 4.
Proportion of HIV-infected patients with culture-confirmed pulmonary TB with a normal
chest X-ray at initial presentation, by CD4 cell count. Error bars: 95% CIs for the proportion
of subjects with TB infection and a normal chest X-ray at initial presentation by CD4 strata.
HIV = human immunodeficiency virus; TB = tuberculosis; CI = confidence interval.
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