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Abstract

A major risk factor to develop active tuberculosis (TB) is the infection with the human immunodeficiency virus (HIV). C@
radiography is the first-line imaging modality used to rule out TB. Coinfected individuals present often with atypical imaging
patterns, due to the immunosuppression caused by the virus, making diagnosis difficult. In this prospective observational study
268 TB and HIV coinfected patients were included. During a follow-up period of 24 weeks, the predominant patterns on chest
radiography were analyzed and compared to the cluster of differentiation 4 (CD4) count under antiretroviral and anti-TB therapy.
Patients with low CD4 counts (<200 cells//pL) showed more often lymphadenopathy (62% vs 38%;P = .08) and a miliary pattern
(64% vs 36%;P = .04) but less likely cavitation (32% vs 68%;P = .008) or consolidation (47% vs 63%;P = .002) compared to
individuals with higher CD4 counts. Over the follow-up period, partial response to therapy was the most frequent radiological
evolution (62%), mainly accompanied by an increase of CD4 cells (92%). Patients with a decrease in CD4 count mostly presented
with a worsening in radiological findings (53%). Radiographic TB manifestation correlated with the immune status of patients
coinfected with HIV. Low CD4 counts often showed atypical manifestation.

Abbreviations: ART = antiretroviral therapy, CD4 = cluster of differentiation 4, CXR = chest radiography, HIV = human
immunodeficiency virus, PR = partial response, SD = stable disease, T1 = baseline, T3 = second follow-up (week 24), TB =

tuberculosis, TR = total response.
Keywords: diagnosis, imaging, interstitial lung disease

1. Introduction

Recently, tuberculosis (TB) has surpassed the human immuno-
deficiency virus (HIV) as being the infectious disease causing
the most deaths worldwide.'! A major risk factor for the devel-
opment of active TB is the infection with HIV.?! Worldwide
HIV infection is associated with poorer outcomes and higher
relapse rates of pulmonary TB.B! According to the world health
organization HIV infected patients have a 21-fold higher risk to
develop TB than patients without HIV infection.”! Vice-versa
TB is known to slow cluster of differentiation 4 (CD4) recovery
and to increase progression to acquired immunodeficiency syn-
drome and death among HIV infected subjects.l'! The 2 infec-
tions are thus building a lethal synergy and it is fundamental
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to detect and exclude both diseases in everyone being infected
with either 1.

Depending on the degree of immunosuppression, both typi-
cal and atypical radiographic patterns can be seen.”¢! The CD4
count, being an indicator of the immune status, is known to
influence radiographic features of TB on chest radiography
(CXR) in HIV infected patients."”! Typical manifestation of TB is
defined as upper lung zone predominant consolidation with or
without cavitation and absence of mediastinal lymphadenopa-
thy."®! Different studies suggest that CD4 counts < 200 cells//uL
are highly associated with the presence of mediastinal lymph-
adenopathy, a lower prevalence of cavitation, and a higher inci-
dence of extrapulmonary involvement, representing an atypical
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manifestation.*!% Further, it is known that immunosuppressed
patients show higher rates of smear-negative TB."! Therefore,
sputum culture for Mycobacterium tuberculosis is still the
method of reference for diagnosing pulmonary TB, since the
sensitivity is not influenced by HIV infection. Unfortunately, this
is not always practicable due to the long time needed for growth
and the extended need of resources. Therefore, HIV-associated
TB is often diagnosed by combining clinical features, CXR and
sputum microscopy.!'!l It is thus desirable to identify atypical
manifestations of TB in order to diagnose and treat the infection
correctly to prevent further transmission.

Currently, CXR is the image modality of choice for screen-
ing, diagnosis and the evaluation of treatment-response as it is
a cheap, widely accessible and cost-effective.l'>!3! Furthermore,
CXR has a lower radiation dose than computed tomography,
where the sensitivity for the detection and characterization of
infiltrates, cavities and lymphadenopathy would be higher."!

The purpose of this study was to evaluate the different CXR
patterns of TB in patients with HIV-infection and to correlate
them with CD4 count and the response to therapy.

2. Methods

2.1. Patient population

In this observational study between May 2013 and September
2015 patients with TB-HIV coinfection were prospectively
included at the (*blinded for review®). This large outpatient
clinic integrated an HIV-TB clinic in 2008 in order to improve
outcomes of HIV infected patients with 350 to 400 new TB
cases diagnosed annually.!*4!

The patient cohort is part of the SOUTH study,'* which
was approved by the “Joint Clinical and Research Centre
Committee” ethics committee and the Uganda national coun-
cil for science and technology (reference number HS 1303).
Inclusion and exclusion criteria are listed in Table 1.

2.2. Study characteristics and follow up investigations

After inclusion, the anti-TB therapy was initiated according to
world health organization guidelines.!"*!! Patients who already
received antiretroviral therapy (ART) continued their therapy.
ART-naive patients started ART 2 weeks later regardless of the
CD4 count. The enrolled patients were followed up for 6 months
and underwent several study visits: baseline, week 2, 8, and 24. At
every visit, a short patient history including clinical features was
conducted and blood samples were collected for the evaluation of
CD4 and CDS8 counts, viral load and medication concentrations
to control the patients’ compliance. CXR was performed at the
radiology department of (*blinded for review*). CXRs were per-
formed in postero-anterior projection at 3 different time points:
before starting anti-TB therapy (baseline [T1]), at first follow-up
(week 8) (T2), and second follow-up (week 24) (T3).1'4

2.3. Image evaluation

CXR with matching patient-IDs were photographed in Uganda
using a digital still camera (Panasonic DMC-TZ56).1"! These
photos were transferred to the (*blinded for review*) for fur-
ther processing and evaluation. Two experienced radiologists
(TF with 15 years and PV with 4 years of experience in radiol-
ogy) analyzed CXR for the presence of 6 predefined factors rep-
resenting the most common radiologic features in pulmonary
TB, defined according to recently published studies,'*'$) were
included: parenchymal consolidation; interstitial changes; dif-
fuse micronodular (miliary) pattern; pleural effusion; presence
of lung cavities; and the occurrence of mediastinal lymphade-
nopathy. Readers evaluated CXR for presence/absence of these
features on baseline and follow-up CXR at first follow-up (week
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8) and T3 for response/changes. The following response criteria
were defined: total response (TR) to therapy (TR: X-ray turned
normal), partial response (PR) to therapy (PR: >1 feature dis-
appeared), (stable disease [SD]: no change) and (progressive
disease: 21 feature new/progression). In the event of a reading
mismatch, the readers reevaluated the images until consensus
was sought. Readers were blinded to clinical information.

2.4. Measurement of CD4 and CD8

CD4 cell count and viral load measurements were performed
at (*blinded for review*). CD4 cell count was performed at T1
and at T3.

2.5. Statistics

Kappa test was performed to access interreader reliability. T
test was used to compare between different CD4 count groups.
As the cutoff between high and low increase of CD4 counts
from T1 to T3 we used a median increase of 100% of all CD4
increase-ratios. Microsoft Excel was used for table presentation
and GraphPad PRISM for statistic calculations. Statistical sig-
nificance was defined for P < .035.

3. Results
3.1. Patient population

Overall, a total 166 patients were included (69 female; median
age 33 years, range 17-59 years). Inclusion details can be found
Figure 1.

3.2. Sputum and CD4 count

At T1 in 86% of patients (n = 142) sputum cultures were
positive. At T3 only in 2% of patients (n = 4) sputum culture
remained positive. At T1 mean CD4 count was 230 cells/uL
(range 2-1171cells/pL). The average CD4 cell count at T1 in
patients with positive culture results was slightly higher com-
pared to the culture negative group (231cells/pL vs 222cells/pL;
P = .001.) At T3 the CD4 cell count increased by 68% in the

Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Age: > 18 yr

HIV infection proven (receiving an-
tiretroviral therapy (ART) or not)

Pulmonary Tuberculosis (TB) newly
diagnosed based on:

-Clinical symptoms (cough, fever,
weight loss, night sweats)

-Extrapulmonary TB

-Active/ planned pregnancy

-Participation in another study

-Life expectancy < a yr due to comorbidities
(e.g., Kaposi sarcoma)

-Decompensated liver disease

-Aminotransferases > 5 times upper limit

-Chest X-ray of normal
-Sputum fluorescent microscopy -Glomerular filtration rate (GFR) < 50 mL/
-xPert MTB/RIF (nucleic acid amplifi- min

cation test for rapid TB diagnosis
and antibiotic sensitivity test)

-Sputum culture

Exclusion criteria during study

-Extraordinary medical conditions

-New pregnancy

-Resistance to first-line anti-TB drug

-Immune Reconstitution Inflammatory Syndrome in organs other than the lungs
(e.g., tuberculous meningitis)

-Baseline culture showing Mycobacteria other than Mycobacteria tuberculosis

ART = antiretroviral therapy, HIV = human immunodeficiency virus, TB = tuberculosis.
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Total enrolled

N=246
Died: 17 (17%)
Lost 8 (8%)
> Transferred: 13 (13%)
Treatment failure: 3 (3%)
¥ Defaulted: 2 (2%)
Week 24 completed TB-

treatment (N = 203) with
radiological follow up:

N =166

Figure 1. Study cohort: enrolled, withdrawn and followed up.

culture negative group but decreased by 39% in the remaining
positive patients (Table 2).

3.83. Image evaluation

Overall, mean interreader-agreement was substantial (kappa
= 0.74; range 0.57-0.95). At T1, the most frequently detected
patterns were consolidations, followed by mediastinal lymph-
adenopathy, while the military pattern was found rarely. While
8% of patients (n = 13) showed normal CXR at T1, 48% (n =
80) presented with 1 pattern and 44% (n = 73) showed 2 to 4
patterns (Fig. 2 and Table 3).

3.4. Correlation of CD4 and CXR features at T1

CD4 cell counts were divided into 4 groups (0-100, 101-200,
201-300, and > 300cells/upL) and listed against radiological
features (Table 4 and Fig. 3). While consolidation and pleural
effusion did not differ significantly among all 4 CD4 cell count
groups, the miliary pattern and mediastinal lymphadenopathy
occurred more often in patients with low CD4 cell counts (64 %
and 62%; respectively). Patients with higher initial CD4 cell
counts presented more often with cavities (68%) (Fig. 4). The
13 patients presenting with a normal CXR had a median CD4
count of 131 cells/pL (8 cells/nL—689 cells/pL).

3.5. Changes in CD4 and CXR-features over time

Regardless of the dominant image feature at T1, overall, most
patients showed an increase in the CD4 cell count (89%). This
was most pronounced for the miliary pattern or in cases with
pleural effusion. Patients with consolidations showed a lower
increase in CD4 counts over time. The highest number of cases
with a decrease in CD4 counts was found in patients showing
interstitial changes or lymphadenopathy at T1. When compar-
ing these values to the image-based response, we saw a high
increase of CD4 count in patients with PR, whereas patients
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with TR and low CD4 count at baseline showed a decrease
in CD4 count (Table 5). Regarding PR and SD, patients with
low initial CD4 cell counts (<200) were more likely to have an
increase in CD4 counts (71% and 89%; respectively). Contrary
to this, patients with initial high CD4 cell count (>200) showed
slightly higher percentages of decrease or stable CD4 cell counts
(57% and 64 %; respectively).

3.6. Image based therapy response

62% of patients (n = 103) showed PR to therapy at T3 regard-
less of the radiological pattern at T1. progressive disease was
only found in patients with CD4 counts above 100 cells/pL and
mostly in patients with CD4 counts above 300 cells/uL at T1
(Table 6 and Fig. 5).

4. Discussion

In this retrospective study, we found a correlation between
the radiographic TB manifestation and the immune status
of patients coinfected with TB and HIV. Unlike other HIV-
associated opportunistic infections, TB can present at any
CD4-level but is more likely to present with progressive immu-
nosuppression. The typical radiographic alterations (infiltrates
and cavitation) in TB are consequence of a normal functioning
immune response.!'$! Therefore, patients with a low CD4 count
have a higher likelihood to present with atypical manifestations
such as mediastinal lymphadenopathy and lung changes with a
miliary pattern. The lower the CD4 count, the less the ability of
the immune system to fight and destroy any intruder resulting
in a less TB-typical radiological pattern. Cavitation for example
appeared twice as often with a CD4 count above 200 cells/pL
compared to cases where the CD4 count was below this level.
Unspecific patterns, such as diffuse consolidation, are frequent
in any of the 4 defined CD4 stages. The correlation of the radio-
graphic abnormalities with the CD4 count have the potential
to be useful in diagnosis and clinical staging of TB."! In our
dataset however, we were not able to find a specific pattern for
any single CD4 stage in order to predict the grade of immuno-
suppression based on the CXR findings.

Nevertheless, our findings are consistent with recent studies,
showing “atypical” presentation in patients with severe immu-
nosuppression.['$2°1 A study from Ethiopia!*! comparing CXR
of smear-positive TB patients coinfected with HIV versus HIV-
negative individuals showed, that the atypical presentation in
the CXR, like lymphadenopathy and pleural effusion, were
associated with HIV coinfection. Similarly, Kisembo et al!
described typical patterns associated with HIV-positivity and
severely immunosuppressed patients. A retrospective study per-
formed in Iran evaluating 15 HIV-TB-coinfected patients failed
to reveal any statistically significant correlation between CD4
cell count and radiographic manifestation or severity of infec-
tion.??! Nevertheless, they found that the dominant radiographic
pattern of TB in patients with CD4 cell count < 500cells/pL was
atypical. Pleural effusion reflects a strong immune reaction in
the pleura occurring mainly in patients with CD4 count above
200 cells/pL.?¥ In our study, we could not demonstrate any
difference regarding pleural effusion among the 4 CD4 groups.

Mean and standard deviation of CD4 cell count at baseline (T1) and at end of follow-up 24 weeks later (T3) sorted according to

sputum culture results.

T1, Culture CD4 (cells/ pL)
Positive (142, 86%) 231+220
Negative (24, 14%) 222 +220

T3, Culture CD4 (cells/ pL)
Positive (4, 3%) 142 +166
Negative (138, 97%) 374+259
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Figure 2. Photographed chest X-ray with typical tuberculosis patterns: parenchymal consolidation (I), interstitial changes (Il), miliary pattern (lll), pleural effusion

(IV), cavitation (V), mediastinal lymphadenopathy (VI).

Chest X-ray findings in 166 patients listed by frequency. Multiple
patterns per patient possible.

Chest X-ray findings Number of patients
1.Consolidation 91 (55%)

2 Mediastinal lymphadenopathy 47 (28%)
3.Interstitial changes 43 (25%)

4 Cavitation 28 (17%)

5.Pleural effusion 22 (13%)

6.Miliary pattern 14 (8%)

Under therapy, overall an increase of CD4 counts could be seen
regardless of the dominant image feature at baseline, though
it showed a broad variance of range. The most significant rise
of CD4 count was achieved in patients who showed a miliary

pattern or pleural effusion at T1, indicating a good response to
therapy. The highest number of cases with a decrease in CD4,
was found in patients with lymphadenopathy or interstitial
changes at T1. When comparing these values to the image-based
response, we saw a high increase of CD4 count in patients with
PR, whereas patients who showed a decrease in CD4 count were
more likely to have TR.

Patients with low initial CD4 counts and with a high
increase were more likely to show PR or SD. After 24 weeks
of therapy, only 4 patients still showed positive culture results
— all having a remarkably low CD4 count. While most peo-
ple can achieve viral suppression and a rise of the CD4 count
under therapy, some might obtain viral suppression without
any significant increase in CD4 counts, due to advanced age,
and a low nadir CD4 count or other not yet known factors.??*
It would further be interesting to compare drug resistant
cases with radiographic pattern and CD4 count in order to
detect drug-resistance earlier and initiate culture-based drug

Occurrence of radiological patterns depending on CD4 cell counts.

CD4 (T1) cells/pL Overall Consolidation Interstitial changes  Miliary pattern  Pleural effusion  Cavitation = Mediastinal lymphadenopathy
166 (100%) 91 (55%) 43 (25%) 14 (8%) 22 (13%) 28 (17%) 47 (28%)

0-100 55 (33%) 24 (26%) 13 (30%) 8 (58%) 7 (32%) 3(11%) 20 (43%)

101-200 33 (20%) 19 (21%) 10 (23%) 1(7%) 6 (27%) 6 (21%) 9 (19%)

201-300 31 (19%) 20 (22%) 5 (12%) 3(21%) 6 (27%) 7 (25%) 8 (17%)

> 300 47 (28%) 28 (31%) 15 (35%) 2 (14%) 3 (14%) 12 (43%) 10 (21%)

0-200 88 (53%) 43 (47%) 23 (53%) 9 (64%) 13 (59%) 9 (32%) 29 (62%)

> 200 78 (47%) 48 (53%) 20 (47%) 5 (36%) 9 (41%) 19 (68%) 18 (38%)
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Figure 3. Frequency of the radiological features depending on CD4 count at
baseline. CD4 = cluster of differentiation 4.

susceptibility testing. Limitations of this study are as follows:
First, the quality of the CXR which were only scanned by a
photograph of a digital camera. The quality, however, was high
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enough for the purpose of this study. Second, images were only
read for presence/absence of a certain pattern, but not for its
location or magnitude. Third, from the initial study population
of 268 patients, we could only include 166 in this retrospec-
tive analysis, due to missing follow-ups and dropouts. This
could lead to an asymmetric distribution with an attrition bias.
Fourth, in this study we have only focused on pulmonary TB.
It is known that 70% of patients with CD4 counts under 100
cells/pL show extrapulmonary manifestations, mostly periph-
eral lymphadenitis.!'"! It would be desirable to include these
cases in a further study to evaluate all elements of the disease.

5. Conclusions

In this retrospective study with 166 HIV and TB coinfected
patients, we have demonstrated that there is an association
of the CD4 count with the radiographic pattern on CXR.
Imaging correlates with the change of CD4 count and reflects
the response to therapy. Furthermore, an increase of CD4
counts under therapy was indicative for partial radiographic
response, whilst a decrease of CD4 counts indicated stable
disease.
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Figure 4. Percentage distribution of CD4-counts per radiological pattern. CD4 = cluster of differentiation 4.

Occurrence of CD4 count-changes under therapy based on radiological therapy response and initial CD4 cell count.

Response CD4 change
Initial CD4 Decrease/Stable (11%) Increase (89%)
Total response (7%) <200 100% 0%
> 200 46% 54%
Partial response (62%) <200 29% 71%
> 200 57% 43%
Stable disease (27%) <200 1% 89%
> 200 64% 36%
Progressive disease (4%) <200 0% 100%
> 200 33% 67%
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Table 6

Radiological response under therapy from T1 (baseline) to T3 (week 24) depending on baseline CD4 count.

CD4 count cells/pL Overall n (%) TR n (%) PR n (%) SD n (%) PD n (%)
<100 55 (33) 5(1) 32 (58) 18 (33) 0(0)
101-200 33 (20) 1(3) 23 (70) 7(21) 2 (6)
201-300 31(19) 2 (6) 23 (74) 4(13) 2 (6)
>300 47 (28) 4(9 25 (53) 15(32) 3(6)
Total 166 (100) 12(7) 103 (62) 44 (27) 74

CD4 = cluster of differentiation 4, PD = progressive disease, PR = partial response, SD = stable disease, T1 = baseline, T3 = second follow-up (week 24), TR = total response.

CD4 change by initial x-ray feature
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Figure 5. Percentage changes in CD4 over time in relation to the initial pattern. CD4 = cluster of differentiation 4.
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