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Variation of Chest Radiographic Patterns in Pulmonary Tuberculosis by Degree
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QOur aim was to evaluate the effect of human immunodeficiency virus (HIV) disease stage on
chest radiographic (CXR) findings among patients with HIV-related pulmonary tuberculosis (TB).
Data are from a prospective multicenter treatment trial for HIV-related TB. Baseline CXR findings
and CD4" lymphocyte counts were compared among patients with HIV-related TB. Data from
published studies describing CXR findings in HIV-infected patients were reviewed and a pooled-
data analysis was conducted. Of 135 patients with culture-confirmed HIV-related TB, 128 had both
CXR and CD4" lymphocyte data. CD4* lymphocyte counts of <200/mm? (n = 98) were significantly
associated with hilar/mediastinal adenopathy on CXR (30%, vs. 7% with counts =200/mm?
P = .01); counts of =200/mm® (n = 30) more frequently were associated with cavitation (20% vs.
7%; P = .08). Analyses of these results, pooled with other published data, confirmed these findings.
This study demonstrates associations of certain CXR findings with HIV disease stage. Knowledge
of the degree of immunosuppression is important when evaluating CXR findings in HIV-infected
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patients.

HIV is a potent risk factor for tuberculosis (TB), both
through an increase in the reactivation of latent Mycobacterium
tuberculosis infection and through an accelerated progression
from infection to active disease [1, 2]. Prior series have empha-
sized ‘‘atypical’’ radiographic presentations of TB among HIV-
infected persons, with less frequent occurrence of cavitation
and a higher frequency of adenopathy on chest radiographs
than in HIV-uninfected adults [3, 4].

The manifestations of TB in HIV-infected persons have also
been noted to vary by the degree of immunosuppression [4—
6]. Furthermore, the radiologic manifestations of primary and
reactivated TB differ [7—9], and as many as 30% of TB cases
may be due to primary TB in areas with high HIV prevalence
[10—11]. It has been suggested that many of the ‘‘atypical’’
radiographic features of HIV-related TB may in fact be due to
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this greater proportion of primary TB among HIV-infected
persons [12].

We evaluated the chest radiographic findings in a prospective
multicenter treatment trial of HIV-related pulmonary TB. We
describe the relationships of baseline chest radiographic find-
ings to baseline CD4" lymphocyte counts among persons with
confirmed HIV-related pulmonary TB and present an analysis
of these results pooled with other published data.

Materials and Methods

These data were collected as part of CPCRA 019/ACTG 222,
an ongoing multicenter trial for the treatment of pulmonary TB
in HIV-infected persons, initiated in 1993 by the Terry Beirn
Community Programs for Clinical Research on AIDS
(CPCRA) and the AIDS Clinical Trials Group (ACTG). Pa-
tients were enrolled at 21 units across the United States after
giving informed consent. Eligibility required a clinical working
diagnosis of HIV-related pulmonary TB, age of >13 years,
and no more than 3 weeks of therapy immediately prior to
enrollment and no more than 3 months in the past 2 years.
Sputum specimens (obtained by induction if necessary) were
obtained at baseline (two if acid-fast bacilli [AFB] smears were
positive, three if smears were negative) and at specified inter-
vals thereafter. Both radiometric and solid media were em-
ployed for mycobacterial cultures.

CD4" lymphocyte counts were performed at local labora-
tories within 30 days prior to study enrollment. Chest radio-
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graphs, obtained prior to trial enrollment, were interpreted
(without knowledge of the study design or objectives) at partici-
pating sites, consistent with clinical practice. Data collected
included demographic and laboratory variables and evidence
of the presence or absence of cavity(ies), hilar or mediastinal
lymphadenopathy, infiltrate(s), nodule(s), effusion, and/or in-
terstitial disease on chest radiographs.

Categorical variables in 2 X 2 tables were analyzed with x?
and Fisher’s exact tests. Confidence intervals for unadjusted
odds ratios were calculated by Woolf’s method [13]. Logistic
regression was done to examine the independent relationship
of CD4" cell counts and other variables to the presence of
specific chest radiograph findings. An analysis pooling the
findings of other reports with those of the current study was
done with use of the Mantel-Haenzel approach [14] and the
Breslow-Day test [15].

A MEDLINE search was conducted of the intersection of
the terms fuberculosis or Mycobacterium tuberculosis with HIV
or AIDS. All identified references with English-language text
or abstracts were reviewed. Only reports including primary
data on patients with culture-confirmed HIV-related pulmonary
TB and in which findings were given in terms of CD4" lympho-
cyte counts above or below 200/mm?® or the absence or presence
of AIDS were used in the pooled analysis [3, 4, 16—18]. All
P values are two-sided and not adjusted for multiple compari-
sons. A P value of <.05 was considered statistically significant.

Results

Between April 1993 and June 1995, 227 patients (all meeting
initial enrollment criteria) were enrolled in the trial; 135 were
found to have culture-confirmed pulmonary TB and HIV infec-
tion. Both chest radiographic and CD4* lymphocyte count data
were available for 128 (95%) of the 135 patients with culture-
confirmed TB. The remaining 92 patients did not have culture-
confirmed TB and/or HIV infection and were excluded from
the current analysis.

The mean age was 39 years; 23% were women; 51% were
black; 33% were Hispanic; and 34% had a history of injection
drug use. Sputum smears for AFB were positive at baseline
for 69%. Only five (4%) had a history of treatment for a previ-
ous episode of tuberculosis. The median CD4" lymphocyte
count was 70/mm?® (range, 0—805/mm?); there were no signifi-
cant differences in these characteristics between patients whose
counts were <200/mm’ vs. =200/mm’.

Abnormal chest radiographic findings were present in 118
of 128 patients (92%). Patients with negative sputum smears
more frequently had a normal chest radiograph than did those
with positive smears (15% vs. 4.6%; P = .07). Table 1 shows
the frequency of specific radiographic findings by CD4* cell
count strata. Among patients with abnormal chest radiographic
findings, 67 (57%) had 1 abnormal finding, 38 (32%) had 2
such findings, and 13 (11%) had 3—5 such findings. Only three
patients (2.5%) had both cavitary disease and lymphadenopathy

Chest Radiographs in HIV-Related TB 243

Table 1. Distribution of radiographic patterns as related to CD4"
cell count in patients with HIV-related tuberculosis.

Percentage of patients with
CD4" cell count (/mm’)

Chest radiographic All <200 =200

pattern (n = 128) (n = 98) (n = 30) P value*
Lymphadenopathy 24 30 7 .01
Cavity(ies) 10 7 20 .08
Infiltrate(s)’ 56 52 67 21
Interstitial disease’ 24 27 17 34
Pleural effusion 8 7 10 .70
Pulmonary nodule(s) 19 18 20 .80
Normal 8 9 3 45

* P value for two-sided Fisher’s exact test comparing CD4" cell count
groups.

T When analyses were performed combining interstitial disease with infil-
trates, there remained no significant relationship between CD4" cell count and
any infiltrates.

evident radiographically (with CD4" cell counts of 0/mm?,
118/mm?, and 694/mm?®, respectively).

Patients with counts of <200/mm? (n = 98) more frequently
had hilar/mediastinal lymphadenopathy evident radiographi-
cally than did those with counts of =200/mm® (30% vs. 7%;
OR = 5.9; 95% CI, 1.3-26.3; P = .01).

We examined the possibility that an unequal distribution of
other preexisting or concomitant conditions capable of causing
hilar/mediastinal lymphadenopathy might contribute to the re-
lationship between baseline CD4* lymphocyte count and
lymphadenopathy evident on chest radiography. None of the
patients had a history of lymphoma or histoplasmosis. Among
those with a history of Mycobacterium avium complex (MAC)
disease or Kaposi’s sarcoma at baseline or whose baseline
sputum cultures yielded MAC as well as M. tuberculosis, 3
(21%) of 14 had adenopathy evident on the chest radiograph,
while 28 (25%) of 114 without MAC or Kaposi’s sarcoma had
adenopathy (P = 1.0).

A dichotomous composite variable consisting of a history
of MAC disease or Kaposi’s sarcoma or a baseline sputum
culture yielding MAC was constructed to reflect the presence
or absence of processes other than TB that could cause hilar/
mediastinal adenopathy. In a logistic regression model includ-
ing this variable, those with CD4" cell counts <200/mm? re-
mained significantly more likely than those with higher CD4*
counts to have hilar/mediastinal adenopathy evident on the
chest radiograph (OR = 6.0; 95% CI, 1.3-26.9; P = .02).

Several other studies have also reported on the relationship
of CD4* lymphocyte counts and chest radiographic findings
in HIV-infected patients with culture-confirmed pulmonary TB
[3, 4, 16—18]. These other studies were relatively small, and
thus we performed an analysis of our results pooled with those
of other studies (table 2). In all cases the individual odds ratios
were homogeneous across studies. In the pooled analysis there
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Table 2.
status.
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Pooled analysis of chest radiographic findings, as related to CD4" cell count (/mm*)/AIDS

Percentage/no. of patients
in indicated category

Radiographic finding, study

[reference] <200 (AIDS) =200 (No AIDS) Odds ratio P value'
Cavitation

[3] 56/48 79/91 0.3 <.001

[4] 29/35 69/13 0.2 .02

[16] 6/16 17/6 0.3 48

[18] 15/26 67/9 0.1 <.001

CPCRA/ACTG! 7/98 20/30 0.3 .08

Pooled analysis (95% CI) 0.3 <.001 (0.16—0.44)
Adenopathy

[17] 36/58 13.3/30 3.7 .03

[4] 40/35 7.7/13 8.0 .04

[16] 100/19 100.0/6 8 8

[18] 23/26 11.1/9 2.4 .65

CPCRA/ACTG 30/98 6.7/30 5.9 .01

Pooled analysis (95% CI) 4.6 <.001 (2.19-9.74)
Pleural effusion

[17] 10/58 26.7/30 0.3 .07

[4] 43/35 46.2/13 0.9 1.00

[16] 21/19 33.3/6 0.5 .61

[18] 15/26 11.1/9 1.5 1.00

CPCRA/ACTG 7/98 10.0/30 0.7 .70

Pooled analysis (95% CI) 0.6 12 (0.31-1.15)
Infiltrates

[3] 88/48 95.6/91 0.3 .09

[4] 94/35 100.0/13 LS 1.00

CPCRA/ACTG 52/98 66.7/30 0.5 21

Pooled analysis (95% CI) 0.5 .02 (0.22-0.90)

* The studies cited were done in Africa [3, 4] and the United States [16—18].
T P values are for Fisher’s exact test (two-sided), except for the pooled analyses, where P values are for the Mantel-

Haenszel summary x? test.

* The Terry Beirn Community Programs for Clinical Research on AIDS (CPCRA) and the AIDS Clinical Trials

Group (ACTG).

¥ Could not be calculated because of zero-containing cells.

was a strong association of cavitation with higher CD4* lym-
phocyte counts (OR = 0.3; P < .001), of adenopathy with
lower counts (OR = 4.4; P < .001), and of infiltrates with
higher counts (OR = 0.5; P = .02).

Ten patients with culture-positive pulmonary TB had no
abnormalities evident on a chest radiograph. Four were AFB
sputum smear—positive, two also had extrapulmonary TB,
none had endobronchial TB, and all 10 were deemed by their
providers to clinically have TB on the basis of a constellation
of signs and symptoms. Those with normal chest radiographs
did not differ from those with abnormal radiographs with
respect to the frequency of cough or fever but were less
frequently AFB sputum smear—positive (P = .07, two-sided
Fisher’s exact test).

Discussion

The results of this study confirm that among persons with
HIV-related pulmonary TB, patterns of chest radiographic

findings vary in relation to CD4" cell count. The association
of certain radiographic features with the degree of HIV-related
immunosuppression, as reflected by CD4™ cell counts, may be
due to different pathogenic mechanisms of TB.

In our series, severe CD4" cell count depletion was associ-
ated with intrathoracic adenopathy, a common feature of pri-
mary TB [8]. Hilar or mediastinal adenopathy has been noted
to be more common among those with HIV-related TB than
among HIV-uninfected persons with TB, and among those with
HIV infection, adenopathy was more common in patients with
findings of advanced immunosuppression [4, 5]. Finally, ade-
nopathy evident on a chest radiograph has been associated
with primary multidrug-resistant TB [19]. These associations
probably reflect a greater likelihood for more highly immuno-
suppressed HIV-infected persons to develop progressive pri-
mary TB.

The relationship between low CD4" cell count and adenopa-
thy was independent of the occurrence of other opportunistic
processes (e.g., MAC disease) capable of causing adenopathy
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at lower CD4™ cell levels. Our results are consistent with those
of other studies in which hilar/mediastinal adenopathy was
observed more frequently among HIV-infected patients with
lower median CD4" cell counts [17, 20]. The odds ratios in
other studies were similar, and in our pooled analysis the rela-
tionship was highly significant.

While cavities may be seen in primary TB, they usually
represent a manifestation of reactivated TB, and their formation
requires an adequate delayed-type hypersensitivity response
[6]. Chest radiograph patterns associated with pulmonary TB in
HIV-uninfected adults classically include cavitation and upper-
lobe infiltrates without significant hilar or mediastinal adeno-
pathy [9]. Such radiographic features classically associated
with adult reactivated TB have been noted in other series of
HIV-related tuberculosis in which the median CD4" cell counts
were relatively high (>300 cells/mm?) [3, 21].

The small number of patients with cavitary disease in our
study (n = 13) may reflect the severe immunosuppression in
this cohort (median CD4" cell count, 70/mm®). There was
nonetheless a strong inverse relationship (OR = 0.3) between
CD4" cell count and the occurrence of cavitary disease. How-
ever, because of the small number of patients with cavitary
disease, this relationship was only marginally significant.

This finding is in agreement with those of other studies that
found that cavitation was more common in those with CD4*
cell counts of =200/mm? and in those with less advanced HIV
infection [3, 4, 18]. In the pooled analysis, this relationship
was highly significant. These data suggest that radiographic
patterns of reactivated TB are more frequently observed in
HIV-infected patients when cell-mediated immunity is more
intact.

Other series have shown that tuberculous effusions occur
over a wide range of CD4" cell counts but are more common
among those with higher such counts [17, 20]. In this study,
we did not observe a significant difference in the frequency of
pleural effusion as a function of CD4" cell count. However,
pleural effusions occurred in only 7.8% of the cohort, a propor-
tion limiting the ability to detect such a difference. When our
results were pooled with those of other studies, there was a
suggestion of an association of pleural effusion with less-
advanced immunodeficiency.

Infiltrates were observed to be more frequent with higher
CD4" cell counts in our study as well as in the study of Mukadi
et al. [3]. Pooling the results of these two studies and that of
Batungwanayo et al. [4] resulted in a statistically significant
relationship.

Ten patients (8%) in this series had pulmonary TB with a
normal chest radiograph. Normal chest radiographs have been
noted in a number of series of HIV-related pulmonary TB [22—
24]. While no relationship was identified between CD4* cell
counts and the frequency of a normal chest radiograph, the
small number of such cases that were identified limited the
ability to detect such a relationship. It remains uncertain
whether the lack of chest radiographic abnormalities in such
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cases represents early primary or early reactivated disease or
disease due to intrathoracic adenopathy not detected by plain
radiography.

In summary, the majority of patients with HIV-related pul-
monary TB in this study had abnormal chest radiographs,
which varied in their manifestations according to the level
of immunosuppression. The variability of chest radiographic
patterns among HIV-infected patients with pulmonary TB
has important clinical implications because of the increased
susceptibility of HIV-infected patients to a variety of other
respiratory pathogens. Much of this variability may be due
to the differing pathophysiology of tuberculosis in accor-
dance with the immune status of the host. Radiologists and
clinicians should be aware that the level of immunosuppres-
sion may have a significant impact on the radiographic pre-
sentation of HIV-related TB.
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