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ABSTRACT. The aim of this study was to determine the differences in CT findings of
miliary tuberculosis in patients with and without HIV infection. Two radiologists
reviewed retrospectively the CT findings of 15 HIV-seropositive and 14 HIV-
seronegative patients with miliary tuberculosis. The decisions on the findings were
reached by consensus. Statistical analysis was performed using the x2 test, Mann–
Whitney U-test and Fisher’s exact test. All of the HIV-seropositive and -seronegative
patients had small nodules and micronodules distributed randomly throughout both
lungs. HIV-seropositive patients had a higher prevalence of interlobular septal
thickening (p50.017), necrotic lymph nodes (p50.005) and extrathoracic involvement
(p50.040). The seropositive patients had a lower prevalence of large nodules
(p50.031). In conclusion, recognition of the differences in the radiological findings
between HIV-seropositive and -seronegative patients may help in the establishment of
an earlier diagnosis of immune status in patients with miliary tuberculosis.
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Miliary tuberculosis (TB), which results from lympho-
haematogenous dissemination of Mycobacterium tubercu-
losis, is a complication of both primary and post-primary
TB [1, 2]. This disease results in the formation of small
discrete foci of granulomatous tissue, which are uni-
formly distributed throughout the lung [3].

An increase in TB incidence, including miliary TB, has
been associated with infection by human immunodefi-
ciency virus (HIV) [4]. In 2005, the World Health
Organization estimated that 12% of HIV deaths globally
were caused by TB, and that there were 630 000 new co-
infections with TB and HIV [5]. Disseminated TB
accounted for 5.4–8.1% of culture-confirmed TB cases,
with 10–14% of patients coinfected with HIV having
clinically recognisable dissemination [6, 7].

Chest radiography may be helpful in the detection and
final diagnosis of miliary TB. The characteristic radio-
graphical findings consist of the presence of fine
granular or numerous small nodular opacities measuring
1–3 mm in diameter scattered throughout both lungs [1,
3, 8, 9]. However, the radiograph may appear to be
normal in the early stage of disease or in cases with
nodules below the threshold of perceptibility; therefore,
a diagnosis of miliary TB from chest radiographs can be
difficult [10].

Several studies have shown that CT imaging is more
sensitive for the detection of parenchymal abnormalities
in patients with AIDS who have active intrathoracic
disease, and it has been suggested that CT may also be
helpful in the differential diagnosis [11–14]. In addition,
it has been reported that certain imaging techniques
provided by multidetector-row CT are useful for the

diagnosis of multiple micronodular infiltrative lung
disease [15]. CT findings of miliary TB have been
described in previous reports [16–18]; however, only a
few studies on miliary TB in patients with HIV,
particularly with reference to the CD4 count, have been
reported [19, 20]. The radiographic manifestations of
HIV-associated pulmonary TB are thought to be depen-
dent upon the level of immunosuppression at the time of
overt disease [21–23].

The purpose of this study was to determine the
differences in the CT findings of miliary TB for patients
with and without HIV infection and to analyse any
correlation between the CT features and the level of
immunosuppression in patients.

Methods and materials

Our institutional review board approved this retro-
spective study and waived the requirement for patient
informed consent. From January 2003 to January 2008, a
computer search was performed to identify all patients
with miliary TB and HIV infection who underwent a
chest CT examination; the search identified 15 HIV-
seropositive patients with miliary TB, of whom 13 were
men and two were women (mean age, 44 years; age
range, 34–61 years). All 15 seropositive patients were
immunocompromised and had positive results from a
Western blot or enzyme-linked immunosobent assay
(ELISA) for HIV. All 15 HIV-seropositive patients had no
additional pathology except miliary TB.

During the same period, we identified a control group
of 14 patients with miliary TB. In all of the control
patients, an HIV-seronegative status was documented by
negative results from a Western blot or ELISA. The
control group comprised four men and 10 women (mean
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age, 58 years; age range, 21–89 years). Underlying con-
ditions were identified in 5 of the 14 HIV-seronegative
patients: pregnancy (n53) and diabetes mellitus (n52).

The criteria for a diagnosis of miliary TB were the
presence of a miliary pattern on a CT image or evidence
of multi-organ involvement, along with one or more of
the following features: (i) clinical features compatible
with TB, including cough for a duration of three weeks
or more, fever, weight loss, night sweats, loss of appetite
or haemoptysis; (ii) a positive acid-fast bacilli smear or
culture; and (iii) histopathological evidence of TB. The
diagnosis of miliary TB was made by a demonstration of
the presence of M. tuberculosis in sputum or bronchial
lavage fluid (n517), a transbronchial lung biopsy (n55),
an extrathoracic nodal biopsy (n54) or a mediastinal
nodal biopsy (n51). The remaining two patients had a
diagnosis of miliary TB with classical imaging findings
and response to antituberculous medication.

All patients underwent contrast-enhanced helical CT
using a four-row multidetector CT scanner (LightSpeed
QX/i; GE Medical Systems, Milwaukee, WI). Imaging
parameters of the contrast-enhanced CT scans were as
follows: 2.5 mm collimation, pitch of 6, reconstruction
thickness of 2.5 mm, reconstruction interval of 1.25 mm,
120 kV, and 200–250 mA. Intravenous contrast material
(Ultravist; Schering, Berlin, Germany) was used in all 29
patients at a rate of 2.5 ml s–1 using a power injector
(MCT Plus; Medrad, Pittsburgh, PA); the contrast
material was administered through an 18-gauge intrave-
nous catheter located in the antecubital vein.

Two observers (Y.J.J and J.Y.K), who had no knowl-
edge of the HIV status of the patients, reviewed the CT
scans. A final decision regarding the findings was
determined by consensus. The observers interpreted
the CT scans retrospectively in terms of nodules,
ground-glass attenuation (GGA), consolidation, peri-
bronchovascular interstitial thickening, interlobular sep-
tal thickening and cavities. The findings of fibrocalcified
TB, e.g. fibrotic bands, bronchiectasis or calcification,
were also recorded, as was the presence of lymphadeno-
pathy, pleural effusion, pericardial effusion and extra-
thoracic involvement of TB. The definition of each CT
finding was based on a recently published article [24].

The nodules were assessed for size, distribution and
number. Large nodules were defined as having a short-
axis diameter of 1 cm or larger, as measured on a CT
scan. Nodules smaller than 1 cm in diameter were
classified as ‘‘small’’ [25]. Nodules smaller than 3 mm
in diameter were classified as ‘‘micronodules’’ [24]. The
distribution of small nodules and micronodules within
the secondary pulmonary lobule was classified into
‘‘centrilobular’’, ‘‘military’’ and ‘‘perilymphatic’’. The
number of small nodules and micronodules was esti-
mated by counting nodules in two contiguous 4 cm2

squares on three selected scan levels — the upper (just
above the aortic arch), middle (at the level of the
bronchus intermedius) and lower (at the level of the
lower portion of the left atrium) lung zones.

The extent of GGA was graded as follows: Grade 0 5

none; Grade 1 5 areas of GGA ,25% of the lung
parenchyma; Grade 2 5 areas of GGA 25–50% of the
lung parenchyma; Grade 3 5 areas of GGA 50–75% of
the lung parenchyma; and Grade 4 5 areas of
GGA .75% of the lung parenchyma.

Lymph nodes were considered enlarged when they
were greater than 10 mm in the short-axis diameter. The
presence of a necrotic portion within the lymph nodes
was evaluated.

Statistical analyses were performed using commer-
cially available software (SPSS 10.0; SPSS, Chicago, IL).
Demographic data (sex and age) of HIV-seropositive and
-seronegative patients were evaluated using the x2 and
Mann–Whitney U-tests. Statistical differences among the
CT findings of miliary TB for HIV-seropositive and
-seronegative patients were analysed by use of the x2,
Mann–Whitney U and Fisher’s exact tests. The CT
findings of miliary TB in HIV-seropositive patients were
compared with the degree of immunosuppression, as
indicated by the CD4 T-lymphocyte count. p-Values
,0.05 were regarded as indicating statistical significance.

Results

There was a statistically significant difference in the
sex ratios (p50.002, x2 test) between HIV-seropositive
and HIV-seronegative patients. Mean ages (p50.077,
Mann–Whitney U-test) were not significantly different
between HIV-seropositive and -seronegative patients.

The CT findings of miliary TB in 15 seropositive and 14
seronegative patients are summarised in Table 1. The
most common findings were micronodules and small
nodules, which were seen in all 29 patients. Nodules
were 1–5 mm in diameter; however, most of the nodules
were within the range of 1–3 mm in diameter. All of the
small nodules and micronodules had a miliary distribu-
tion within the secondary pulmonary lobule (Figures 1–
3). The nodules were distributed uniformly throughout
the lungs without zonal predominance. The number of
small nodules and micronodules in seropositive patients
was larger than that in seronegative patients (Table 2).
However, there was no statistical significance (Mann–
Whitney U-test, p50.747).

There was a statistically significant difference in the
prevalence of large nodules seen on CT between
seropositive and seronegative patients. The seropositive
patients had a lower prevalence of large nodules
(Table 1; Fisher’s exact test; p50.031).

GGA was identified in 14 (93%) of 15 seropositive
patients and nine (64%) of 14 seronegative patients.
However, there was no statistically significant difference
in the presence and extent of GGA between seropositive
and seronegative patients (p50.722; x2 test; Table 1,
Figure 2).

Interlobular septal thickening was identified in all
seropositive patients. There was a statistically significant
difference in the prevalence of interlobular septal
thickening depicted on CT images between seropositive
and seronegative patients. (p50.017, Fisher’s exact test;
Table 1, Figure 3).

None of the HIV-seropositive patients showed a cavity.
Cavities were detected in only 2 (14%) of 14 seronegative
patients. However, there was no statistically significant
difference in the prevalence of cavities seen on CT images
between seropositive and seronegative patients (Table 1).

Necrotic lymph nodes were observed in 11 (73%) of 15
seropositive patients and in 3 (21%) of 14 seronegative
patients (p50.005; Fisher’s exact test; Table 1, Figure 3).

CT findings of miliary tuberculosis in HIV-seropositive patients

The British Journal of Radiology, March 2010 207



The prevalence of extrathoracic involvement of TB also
differed significantly between the seropositive and
seronegative patients; extrathoracic involvement affected
10 (67%) of 15 seropositive patients and 4 (29%) of 14
seronegative patients (p50.040; Fisher’s exact test;
Table 1, Figure 3). Sites of extrathoracic involvement
were most commonly the neck or abdominal lymph
nodes (n510) and spleen (n55) in the seropositive

patients. The site of extrathoracic involvement in all
seronegative patients was the spine.

A CD4 T-lymphocyte count was available for 14
seropositive patients. The mean CD4 T-lymphocyte count
in these patients was 89 cells ml–1 (range, 9–254 cells ml–1).
Seven patients had a CD4 count of less than 50 cells ml–1

(mean, 29 cells ml–1; range, 9–42 cells ml–1) and seven had
a CD4 count of at least 50 cells ml–1 (mean, 150 cells ml–1;
range, 62–254 cells ml–1).

The CT findings in nine patients with lower levels of
immunosuppression (CD4 .50 cells ml–1) were not sig-
nificantly different from those in eight patients with
more profound immunosuppression (CD4 count ,50
cells ml–1) (Table 3).

Discussion

A number of investigators have described the CT
features of miliary TB, which consist of miliary nodules,
GGA and reticular opacity [16–18]. To the best of our
knowledge, however, a comparison of the CT features of
miliary TB in HIV-seropositive and -seronegative
patients has not been reported.

It is well known that unusual or atypical manifesta-
tions of pulmonary TB are common in patients with
impaired host immunity. The radiographical manifesta-
tions of HIV-associated pulmonary TB are believed to be
dependent on the level of immunosuppression at the
time of overt disease [21–23].

In our study, interlobular septal thickening, the
presence of necrotic lymph nodes suggesting TB lym-
phadenitis, and extrathoracic involvement were more
commonly seen in miliary TB patients with HIV
infection, whereas large nodules were more commonly
seen in miliary TB patients without HIV infection. These
results were similar to findings presented in a report by
Leung et al [26]. These investigators reported that HIV-
seropositive patients with a CD4 T-lymphocyte count of
,200 mm–3 had a higher prevalence of mediastinal and/

Table 1. Comparison of the CT findings of miliary TB in patients with and without HIV

CT findings Seropositive patients (%)
(n515)

Seronegative patients
(%) (n514)

p-Value

Micronodules 15 (100) 14 (100)
Small nodules 15 (100) 14 (100)
Large nodules 1 (7) 6 (43) 0.031
GGA 0.722

Grade 0 1 (7) 5 (36)
Grade 1 9 (60) 3 (21)
Grade 2 2 (13) 3 (21)
Grade 3 1 (7) 1 (7)
Grade 4 2 (13) 2 (14)

Consolidation 0 (0) 2 (14) 0.224
Peribronchovascular interstitial thickening 5 (33) 1 (7) 0.099
Interlobular septal thickening 15 (100) 9 (64) 0.017
Cavity 0 (0) 2 (14) 0.224
Findings of fibrocalcified TB 2 (13) 3 (21) 0.465
Necrotic LN 11 (73) 3 (21) 0.005
Pleural effusion 7 (47) 4 (29) 0.316
Pericardial effusion 5 (33) 1 (7) 0.099
Extrathoracic involvement 10 (67) 4 (29) 0.040

GGA, ground-glass attenuation; TB, tuberculosis; LN, lymph node.

Figure 1. Miliary tuberculosis in a 33-year-old woman not
infected with HIV. A lung window of a transverse thin-
section CT (1.0 mm section thickness) scan obtained at the
level of the left upper lobar bronchus shows uniform-sized
small nodules and micronodules randomly distributed
throughout both lungs. Also note the subpleural and
subfissural micronodules (arrows).
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or hilar lymphadenopathy, a lower prevalence of
cavitation and often extrapulmonary involvement when
compared with HIV-seropositive patients with a CD4-T
lymphocyte count >200 mm–3 [26].

Interlobular septal thickening and GGA are also well-
known CT findings of miliary TB. It has been reported

that innumerable tiny granulomas scattered throughout
the pulmonary interstitium could account for interlobu-
lar septal thickening [27], and that areas of GGA may
represent small granulomas, resulting in minimal thick-
ening of the septal interstitium, alveolar wall thickening
or an oedematous change [16, 18]. In our study,

(a) (b)

Figure 2. Miliary tuberculosis presenting as acute respiratory distress syndrome in a 45-year-old man not infected with HIV. (a) A
lung window of a transverse thin-section CT (1.0 mm section thickness) scan obtained at the level of the inferior pulmonary vein
shows randomly distributed small nodules and micronodules with bilateral extensive ground-glass attenuation in both lungs.
Also note the interlobular septal thickening (arrows) and intralobular interstitial thickening in both lungs. (b) A
photomicrograph of a pathological specimen (haematoxylin and eosin staining; original magnification 6400) obtained with
a transbronchial lung biopsy demonstrates poorly formed granulomas (arrows) in the alveolar wall and diffuse alveolar wall
thickening and intra-alveolar fibrin deposition (arrowheads), suggesting an early stage of diffuse alveolar damage.

(a) (b)

Figure 3. Miliary tuberculosis with extrathoracic involvement in a 44-year-old man infected with HIV. (a) A lung window of a
transverse thin-section CT (1.0 mm section thickness) scan obtained at the level of the aortic arch shows randomly distributed
small nodules and micronodules in both lungs. Also note the peribronchovascular interstitial (arrow) and interlobular septal
(arrowhead) thickening. (b) A mediastinal window of a transverse contrast-enhanced CT (5.0 mm section thickness) scan at the
level of the coeliac axis shows enlarged lymph nodes (arrows) with central low attenuation and peripheral rim enhancement
around the coeliac axis, suggesting tuberculous lymphadenitis. Also note the multiple low attenuation nodules (arrowheads) in
the spleen.
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interlobular septal thickening was identified in all
seropositive patients, and there was a statistically
significant difference in the prevalence of interlobular
septal thickening seen on CT images between seroposi-
tive and seronegative patients. In addition, the number
of small nodules and micronodules in HIV-seropositive
patients was larger than that in HIV-seronegative
patients. The number of tiny granulomas scattered
throughout the pulmonary interstitium in HIV-seroposi-
tive patients may also be larger than that in HIV-
seronegative patients. Therefore, interlobular septal
thickening was more commonly seen in HIV-seroposi-
tive patients in our study. However, there was no
statistically significant difference in the presence and
extent of GGA between seropositive and seronegative
patients. These results suggest that GGA may represent
not only small granulomas in the septal interstitium or
alveolar wall thickening, but also oedematous or
exudative changes of the lung.

Poorly or sharply defined large nodules in the upper
lungs are one of the typical and common manifestations
of post-primary or reactivation TB [28, 29].
Histologically, the central part of a large nodule consists
of caseous material and the periphery of epithelioid
histiocytes and multinucleated giant cells and a variable
amount of collagen [29]. In our study, large nodules
were less commonly seen in miliary TB patients with
HIV infection. These results were similar to findings

presented in a report by Geng et al [30]. These
investigators reported that HIV infection was associated
with fewer typical patterned radiographs (consolidation
and nodules or cavities in the upper lung zone) and that
the altered radiographical appearance of pulmonary TB
in HIV was a result of altered immunity.

Greenberg et al [31] have also reported the radiolo-
graphical patterns of pulmonary TB according to the
degree of immunosuppression. These investigators
found that patients with a CD4 T-lymphocyte count of
50–200 mm–3 had features of primary TB, including
adenopathy, non-cavitary consolidation and pleural
effusion, whereas patients with a CD4 T-lymphocyte
count below 50 mm–3 had diffuse reticular or nodular
infiltrates [31]. In our study, we used a CD4 T-
lymphocyte count of 50 mm–3 as the dividing point to
differentiate levels of severe immunosuppression. In
contrast to previous studies [26, 31], however, we did not
identify any significant difference in the CT manifesta-
tions of miliary TB between patients with a CD4 T-
lymphocyte count ,50 mm–3 and those with a count of
>50 mm–3. This discrepancy may reflect a difference in
the type of imaging modality used (radiography or CT)
or the mean levels of immunosuppression, or may be
caused by the small number of patients in this study.

This study has several limitations. Firstly, a relatively
small number of patients in our study weakened the
value of the statistical results. In addition, the relatively
small number of HIV-seropositive patients may not have
been sufficient to allow detection of differences in the CT
findings for patients with CD4 T-lymphocyte counts of
,50 cells ml–1 and .50 cells ml–1. Secondly, there was a
difference in the age and gender distribution between the
HIV-infected and uninfected patients. In our study, sex
ratios were significantly different between HIV-seropo-
sitive and HIV-seronegative patients. This may be
related to the pattern of the sex ratio for AIDS
prevalence, pregnancy and unhealthy lifestyle (e.g. lack
of exercise, sudden excessive weight loss for maintaining
thin body habitus) in young female adults. Thirdly, no
pathological confirmation was associated with the CT

Table 2. The number of small nodules and micronodules on
CT images in patients with and without HIV

Group Lung zones Mean

Upper Middle Lower

Seropositive
patients

17.3 20.3 17.3 17.9

Seronegative
patients

17.1 17.2 16.2 15.9

Values given in the table are the mean number of small
nodules and micronodules in two contiguous 4 cm2

squares on selected levels.

Table 3. Comparison of the CT findings according to the CD4 level

CT findings CD4 .50 cells ml–1 (%) (n57) CD4 ,50 cells ml–1 (%) (n57) p-Value

Micronodules 7 (100) 7 (100)
Small nodules 7 (100) 7 (100)
Large nodules 1 (14) 0 (0) 1.000
GGA 0.599

Grade 0 0 (0) 1 (14)
Grade 1 6 (86) 3 (43)
Grade 2 0 (0) 2 (29)
Grade 3 1 (14) 0 (0)
Grade 4 0 (0) 1 (14)

Consolidation 0 (0) 0 (0)
Peribronchovascular interstitial thickening 3 (43) 2 (29) 1.000
Interlobular septal thickening 7 (100) 7 (100)
Cavity 0 (0) 0 (0)
Findings of fibrocalcified TB 1 (14) 1 (14) 1.000
Necrotic LN 6 (86) 5 (71) 1.000
Pleural effusion 4 (57) 2 (29) 0.592
Pericardial effusion 3 (43) 2 (29) 1.000
Extrathoracic involvement 6 (86) 4 (57) 0.559

GGA, ground-glass attenuation; LN, lymph node; TB, tuberculosis.
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findings for all patients. These findings include inter-
lobular septal thickening, representing innumerable tiny
granulomas scattered throughout the pulmonary inter-
stitium, and areas of GGA, representing small granulo-
mas that result in minimal thickening of the septal
interstitium, alveolar wall thickening or an oedematous
change.

In conclusion, HIV-seropositive patients had a lower
prevalence of large nodules and a higher prevalence of
interlobular septal thickening, necrotic lymph nodes
suggesting TB lymphadenitis and extrathoracic involve-
ment on CT images. Recognition of these differences in
the radiological findings between HIV-seropositive and
-seronegative patients may assist in an earlier diagnosis
of immune status in patients with miliary TB.
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