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Tuberculosis (TB) is the most common life-threatening infection in human immunodeficiency virus (HIV)-
infected persons and frequently occurs before the onset of severe immunodeficiency. Development of TB is
associated with increased HIV type 1 (HIV-1) viral load, a fall in CD4 lymphocyte counts, and increased
mortality. The aim of this study was to examine how treatment of pulmonary TB affected HIV-1 activity in
HIV-1/TB-coinfected subjects with CD4 cell counts of >100 cells/ul. HIV-1/TB-coinfected subjects were re-
cruited in Kampala, Uganda, and were monitored over time. Based upon a significant (0.5 log,, copies/ml)
decrease in viral load by the end of treatment, two patient groups could be distinguished. Responders (n = 17)
had more rapid resolution of anemia and pulmonary lesions on chest radiography during TB treatment. This
group had a significant increase in viral load to levels not different from those at baseline 6 months after
completion of TB treatment. HIV-1 viral load in nonresponders (» = 10) with TB treatment increased and at
the 6 month follow-up was significantly higher than that at the time of diagnosis of TB. Compared to baseline
levels, serum markers of macrophage activation including soluble CD14 decreased significantly by the end of
TB treatment in responders but not in nonresponders. These data further define the impact of pulmonary TB
on HIV-1 disease. HIV-1 replication during dual HIV-1/TB infection is not amenable to virologic control by
treatment of TB alone. Concurrent institution of highly active antiretroviral treatment needs to be evaluated

in patients dually infected with pulmonary TB and HIV-1.

One of every four human immunodeficiency virus type 1
(HIV-1)-infected persons in the world is diagnosed with active
tuberculosis (TB) (12), making TB the most frequent life-
threatening coinfection in HIV-1-infected patients. Unlike
other opportunistic infections (OI), TB develops throughout
the course of HIV-1 disease. At the time of development of
pulmonary TB, which is the most frequent clinical form of
Mycobacterium tuberculosis infection, CD4 cell counts are fre-
quently higher than those of patients with other OI (18). In
fact, in areas where TB is endemic, only one-third of HIV-1-
infected subjects presenting with TB had CD4 cell counts
lower than 200 cells/wl (1). Importantly, the course of HIV-1
infection may be accelerated after TB diagnosis and treatment.
In one study, the relative risk of death and the occurrence of
new opportunistic infections were increased in HIV-1/TB-coin-
fected subjects compared to HIV-1-infected control subjects
matched for CD4 cell count (27). The risk of death was par-
ticularly increased in HIV-1/TB-coinfected patients whose
CD4 counts exceeded 200 cells/wl (28). Other OI are also
associated with increased HIV-1 viral load levels, but only
transiently (25). For example, after treatment for pneumocytis
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or bacterial pneumonia, increased HIV-1 viral load decreases
to levels present prior to the development of infection (3).
Also, unlike the effect of TB (11), the increased HIV-1 viral
load associated with acute immune activation is not associated
with expanded HIV-1 heterogeneity (20). Simultaneous expan-
sion in HIV-1 load and heterogeneity during dual HIV-1/TB
infection underscores the chronicity of immune pressure on
viral replication. Interestingly, chronic infections other than
TB, such as helminthic infestations, have not been found to be
associated with increased HIV-1 viral load or worsening of the
course of HIV-1 disease (2). Altogether, these data suggest a
role for chronic immune stimulation by M. tuberculosis infec-
tion in sustained viral activation in HIV-1/TB-infected pa-
tients. On the other hand, the significance of comorbidities
other than TB for deterioration of HIV-1 disease is less well
characterized.

Whether successful treatment of TB averts the effect on
HIV-1 replication, and thereby the impact of TB on HIV-1
disease, is unclear. In a study of patients with HIV-1/TB coin-
fection in the United States, TB-related increases in HIV-1
RNA in plasma decreased after 6 months of antituberculosis
treatment (11). In contrast, in a more recent study from South
Africa, in subjects with both pulmonary and extrapulmonary
TB, inclusive of all levels of CD4 counts, HIV-1 viral loads
remained elevated and CD4 counts did not improve after suc-
cessful antituberculous treatment (19). Sustained activation of
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the immune system was demonstrable in HIV-1/TB-coinfected
patients despite successful antituberculous therapy in this
study (19). HIV-1/TB coinfection has long been associated
with generalized immune activation (26) involving both lym-
phocytes and macrophages (16). Activation of mononuclear
cells is intense at sites of M. tuberculosis infection, and HIV-1
generated from activated mononuclear cells (16) has an in-
creased capacity to infect uninfected cells (4).

The impact of viral coinfections on HIV-1 disease progres-
sion has been investigated heavily in the past. Studies of sub-
jects coinfected with HIV-1 and hepatitis C virus have sug-
gested that HIV-1 disease may progress faster in dually
infected patients (21, 24). This observation has not been con-
firmed by other investigators (22, 31). On the other hand,
active infection with GB virus C (GBV-C) may portend a
better prognosis in HIV-1 infection, as it appears to be asso-
ciated with greater CD4 increases and lower HIV-1 viral loads
subsequent to highly active antiretroviral treatment (HAART)
(23, 29). However, the contribution of these viral cofactors to
HIV-1 activity in subjects with dual HIV-1/TB infection is
unknown.

To define factors that may affect viral activity during HIV-
1/TB infection, we prospectively studied HIV-1-infected adults
with CD4 counts of =100 cells/pl at the time of diagnosis of
TB. In addition, patients were studied after 1 and 6 months
of antituberculous treatment and 6 months after completion
of treatment. Changes in plasma HIV-1 RNA and serum ac-
tivation markers were assessed. Hematologic and radiographic
responses to TB treatment were also assessed.

MATERIALS AND METHODS

Study populations. HIV-1-infected adults with initial episode of sputum
smear-positive pulmonary TB were recruited from the National Tuberculosis and
Leprosy Programme Clinic at Mulago Hospital in Kampala, Uganda. The diag-
nosis of pulmonary TB was based on symptoms, chest roentgenography, and
sputum smear microscopy. Chest radiographs were interpreted by a single expe-
rienced chest physician, who was masked to the patients’ clinical status and
laboratory studies, using the standard scheme of the U.S. National Tuberculosis
and Respiratory Disease Association and were classified as normal, minimal,
moderately advanced, or far-advanced disease (8). All subjects had subsequent
culture confirmation of TB. Subjects with drug-resistant TB were excluded. No
subject had a history of TB or received antituberculous therapy in the preceding
6 months. Subjects with active OI at the time of diagnosis of TB or at follow-up
were excluded. Pregnant women and patients with extrapulmonary TB or chronic
debilitating diseases, a Karnofsky performance scale score of <60 (unable to care
for self and requires the equivalent of hospital or institutional care), or CD4
counts of =100 cells/ul were excluded. Febrile (=38°C) subjects had blood
smears examined for malaria parasites. None had a positive malaria smear. The
study protocol was approved by the institutional review boards at University
Hospitals of Cleveland Case Western Reserve University and the Uganda Na-
tional AIDS Research Subcommittee. All subjects gave informed consent for
study participation. Patients were treated with standard chemotherapy for pul-
monary TB (2 months of isoniazid, rifampin, pyrazinamide, and ethambutol
treatment followed by 4 months of isoniazid and rifampin treatment). From
November 2000 to July 2001, 27 patients meeting the above-mentioned criteria
were recruited. Citrated plasma and serum were obtained from subjects at
enrollment, at 1 and 6 months after initiation of treatment, and at 6 months of
follow-up after completion of anti-TB treatment. Complete blood counts and
sputum examination were performed monthly during treatment. Follow-up chest
radiographs were obtained at the end of anti-TB treatment.

A group (n = 13) of healthy HIV-1-infected subjects without TB who were
positive by purified protein derivative skin test (greater than 5-mm induration)
with CD4 counts over 100 cells/pl (median, 388 cells [range, 174 to 860 cells/wl])
were recruited as control subjects to assess changes in viral load over time.
Plasma was obtained from these subjects at enrollment and 6 months later. None
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of HIV-1/TB-coinfected or HIV-infected control subjects had received antiret-
roviral agents prior to or subsequent to enrollment in the study.

HIV-1 load. Circulating HIV-1 RNA in citrated plasma was assessed by the
COBAS Amplicor HIV-1 Monitor assay (1.5 Test) (Roche, Indianapolis, IN),
according to the instructions of the manufacturer.

Quantitation of serum cytokines and activation markers. Serum concentra-
tions of cytokines and activation markers were assessed using commercially
available enzyme-linked immunosorbent assay (ELISA) kits according to the
manufacturer’s instructions. ELISA for serum tumor necrosis factor alpha
(TNF-a) (BioSource, Nivelles, Belgium) has a sensitivity of 3 pg/ml. ELISAs for
interleukin-6 (IL-6), soluble TNF receptor II, and B,-microglobulin (R&D Sys-
tems, Minneapolis, MN) have lower sensitivities of 0.7 pg/ml, 0.6 pg/ml, and 0.2
pg/ml, respectively. ELISA for serum neopterin (IBL Immuno Biological Lab-
oratory, Flughafenstrasse, Hamburg, Germany) has a lower level of detection of
0.7 nmol/liter. ELISA for soluble CD14 (sCD14) (R&D Systems, Minneapolis,
MN) has a lower sensitivity of 125 pg/ml.

Detection of hepatitis C and GBV-C infection. Hepatitis C seropositivity was
assessed by ELISA (Abbott Laboratories, Abbott Park, IL). GBV-C infection
was assessed by reverse transcription-PCR as described previously (30). RNA
was extracted from plasma by using a QIAmp viral RNA kit (QIAGEN, Valen-
cia, CA).

Statistical analysis. For all measurements, median and range for the groups
were used to summarize the data. Differences between groups were compared by
nonparametric tests based on ranks. We used the Mann-Whitney U test for
independent groups and the Wilcoxon signed-rank test for related groups (7). To
assess the magnitude of associations between HIV RNA response to antituber-
culous treatment and radiologic response to antituberculous therapy, odds ratios
and 95% confidence intervals were calculated (9). For all tests, a P value of <0.05
was considered significant.

RESULTS

HIV-1 viral load in HIV-1/TB infection with pulmonary TB
on antituberculous therapy. After completion of TB treat-
ment, the median viral load in the whole HIV-1/TB-coinfected
group (n = 27) decreased by only 0.2 log,, copies/ml (P <
0.001). HIV-1 viral load was 5.5 log,, copies/ml (range, 4.8 to
5.8) at baseline (¢,) and 5.3 log,, copies/ml (range, 4.7 to 5.7)
upon completion of antituberculous chemotherapy at 6 months
(ts). However, the median HIV-1 load at 12 months (i.e., 6
months after completing TB treatment) increased (5.4 log,,
copies/ml [range, 4.9 to 5.9]) and was not significantly different
than that at ¢,. Compared to HIV-1 viral load from HIV-
infected subjects without TB (median, 4.8 log,, copies/ml
[range, 3.4 to 5.9]), the median viral load of the HIV-1/TB-
coinfected patients was higher both at ¢, (P < 0.02) and at 12
months (P < 0.01). The increase in median viral load of HIV-1
control subjects between ¢, and 6 months was not significant
(data not shown).

Based upon a significant (0.5 log;, copies/ml) decrease in
viral load with treatment of pulmonary TB (from ¢, to t;), two
groups of HIV-1/TB-coinfected patients could be distinguished
(Fig. 1). The first group was comprised of 17 patients, each of
whom had a significant drop in viral load by the end of treat-
ment. The median HIV-1 viral load at ¢, was 5.7 log,, copies/ml
(range, 4.8 to 5.8), and at ¢, the median decreased to 5.2 log,,
copies/ml (range, 4.4 to 5.5) (P < 0.04) (Fig. 1A). This group
will be referred to as responders. The second group (n = 10)
was comprised of HIV-1/TB-coinfected patients who had no
decrease in viral load upon treatment of TB (nonresponders)
(Fig. 1B).

At the 6-month follow-up (¢;,), HIV-1/TB-coinfected re-
sponders had a significant increase of viral load from the end
of treatment (#,) back to baseline levels (¢,) (P < 0.003).
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FIG. 1. Changes in HIV-1 viral load during and after treatment of TB. HIV-1 viral loads in plasma from subjects with pulmonary TB were
assessed at time of diagnosis (¢,), at the end of 6 months of TB treatment (#,), and 6 months after completion of anti-TB chemotherapy (t,,).
(A) Viral load changes in responders (R) (n = 17) who had significant (defined as 0.5 log copies/ml) decreases in viral load by the end of TB
treatment (P < 0.04). HIV-1 viral load at ¢,, increased significantly (compared to 7,) back to baseline levels (P < 0.003). (B) Viral load in
nonresponders (NR) (n = 10) did not decrease with treatment of TB. Viral load was significantly higher at ¢,, (P < 0.05).

Among the nonresponders, HIV-1 viral load actually increased
from ¢, by ¢, also (P < 0.05).

Clinical characteristics of HIV-1/TB-coinfected patients.
We compared the clinical characteristics of these two groups of
HIV-1/TB-coinfected patients (Table 1). Responders were
older than nonresponders (median age, 35 versus 27 years,
respectively) (P < 0.03). Although plasma HIV viral loads
were on average 0.4 logs higher, and CD4 counts were lower
among responders at the time of diagnosis of pulmonary TB
than among nonresponders, these differences were not signif-
icant. The gender composition, baseline hemoglobin levels,
and Karnofsky score did not differ between responders and
nonresponders. The extent of TB on chest radiographs was
similar between the two groups at diagnosis; 83% of respond-
ers and 90% of nonresponders had far-advanced (8) pulmo-
nary TB. At the end of treatment, however, there was a trend
towards a greater radiologic improvement in the responder
group, among whom 75% had radiologic improvement in se-
verity of the lesions. By comparison, only one-third of subjects

in the nonresponder group had radiologic improvement (odds
ratio [95% confidence interval], 6 [0.76 to 52.6]; P = 0.05).
Hemoglobin levels were not different between the responder
and nonresponder groups (Table 1). Improvement in hemo-
globin levels following TB treatment (¢, to ;) was significant
only in responders (P < 0.05). Bacteriologic response to anti-
tuberculous therapy was similar between the two groups; sputa
from 100% of responders and 90% of nonresponders were
culture negative by 3 months.

Hepatitis C and GBV-C infection in HIV-1/TB-coinfected
patients. Next, we examined the effect of GBV-C and hepatitis
C infection on the course of HIV-1 disease activity in the two
groups of HIV-1/TB-coinfected patients. None of the patients
in this cohort were seropositive for hepatitis C. Seropositivity
for hepatitis C among hospitalized Ugandans is about 6%
(personal communications), and presently, there are no data
on seropositivity of nonhospitalized people in the community.
On the other hand, GBV-C RNA was detected in one-half of
study subjects; however, the incidence was identical among

TABLE 1. Clinical characteristics of responder and nonresponder groups

Group”
Characteristic

R NR P value®
VL at baseline (10°) (median) 4.5 (0.27~31.0)* 2.0 (0.06~9.3) NS
VL at 6 mo (10°) (median) 1.6 (0.02~8.2)* 3.0 (0.05~29.0) NS
CD4 at baseline (absolute) (median) 220 (100~400) 310 (100~500) NS
CD#4 at baseline (%) 12.5 (24.3~4.4) 17.8 (24.0~3) NS
Gender (male/female) 7/10 4/6 NS
Age (yr) (median) 35 (23~60) 27 (23~37) <0.03
CXR at ¢, (grade 3) (%) 83 90 NS
CXR improvement (grade) (%) 75 33 0.05
Hgb" at baseline (median) 9.9 (8.7~13.6)** 10.5 (8.5~12.7) NS
Hgb at 2 mo (median) 12.1 (10.1~13.5)** 11.3 (9.9~13.5) NS
Karnofsky score at baseline (median) 80 (70~90) 80 (80~90) NS

“ R, responder group; NR, nonresponder group. * P < 0.001; ** P < 0.05.
 Hgb, hemoglobin.
¢ NS, not significant.
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FIG. 2. Changes in TNF-a and neopterin levels in sera of HIV-1/TB-coinfected patients. Medians and ranges of each serum marker for
HIV-1/TB-coinfected subjects over time are shown. In HIV-1/TB-coinfected responders (R), both TNF-a (A) and serum neopterin (B) decreased
6 months after completion of TB treatment. Inserts show changes in nonresponders (NR). sTNF, soluble TNF.
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FIG. 3. Changes in sCD14 in HIV-1/TB-coinfected patients. Con-
centrations of sCD14 in HIV-1/TB-coinfected responders (R) (left)
and nonresponders (NR) (right) were measured in plasma at 1 month
and at 6 months. Reduction in sCD14 in responders alone was signif-
icant (marked by an asterisk) (P < 0.05).

responder and nonresponder HIV-1/TB-coinfected patients.
The rate of persistence of GBV-C RNA in plasma (assessed in
sera at 6 months) was also similar between the two groups.
Therefore, the rate and activity of GBV-C coinfection did not
differ between these two groups of HIV-1/TB-coinfected sub-
jects, and thus, it is unlikely that the course of HIV-1 disease
in patients dually infected with HIV-1 and pulmonary TB was
affected by concomitant GBV-C infection.

Relationship of HIV-1 disease makers to treatment of TB.
To better understand the course of HIV disease in the two
groups of HIV-1/TB-coinfected patients, we next assessed
changes in serum activation markers over time. We assessed
markers independently associated with HIV-1 disease progres-
sion (B,-microglobulin, neopterin, and soluble TNF receptor
IT) and the levels of TNF-a and IL-6, which are both elevated
during pulmonary TB infection (17).

Median values for each of the two groups (responder and
nonresponder) at the beginning (#,) and at the end (¢;) of
antituberculous treatment and at follow-up (¢,,) were calcu-
lated. Changes in B,-microglobulin, TNF receptor II, and IL-6
levels were in parallel between the two groups of HIV-1/TB-
coinfected patients and were not different from one another at
to, te, O t;, (data not shown). Interestingly, trends for higher
levels of TNF-a and neopterin (i.e., markers associated with
macrophage activation) in serum were found in responders
compared to nonresponders at ¢,. Levels of both of the mark-
ers neopterin (P < 0.05) and TNF-a (P < 0.01) decreased
significantly in responders alone by 12 months (Fig. 2).

To further assess how changes in macrophage activation
correlate with the course of HIV disease in these two groups of
HIV-1/TB-coinfected patients, we next assessed changes in
sCD14, a more specific marker of macrophage activation (32),
in plasma obtained at the beginning and after the completion
of antituberculous treatment. Levels of sCD14 are particularly
elevated in subjects with dual HIV-1/TB infection (15). We
chose to examine plasma samples obtained from HIV-1/TB-
coinfected subjects at 1 month of TB treatment, rather than at
to. The rationale was to obviate the high sCD14 levels at the
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time of diagnosis of TB in HIV-1/TB-coinfected patients (15),
which likely reflect intense macrophage activation due to un-
controlled M. tuberculosis infection. Comparison of sCD14 lev-
els of the whole group of HIV-1/TB-coinfected patients to
those of HIV-infected control Ugandans without TB indicated
that sCD14 levels were significantly higher (3,523 = 188 ng/ml
versus 2,228 * 176 ng/ml; P < 0.005). Initial levels of sCD14
were not different between the responders and nonresponders.
However, levels of sCD14 resolved to a significant degree by
the end of treatment in responders alone (Fig. 3) (P < 0.01).
No correlation between the plasma sCD14 level and HIV-1
viral load was observed.

DISCUSSION

Unlike other OI occurring during HIV-1 infection (25), TB
is associated with sustained and intense viral replication for
prolonged periods of time. The expanded viral heterogeneity
in HIV-1 obtained from sites of M. tuberculosis infection (6), or
systemically in patients with pulmonary TB (5), likely reflects
chronic immune pressure on the virus. Our data indicate that
the adverse effect of TB on HIV-1 load is altered little by
antituberculous therapy alone in patients with pulmonary TB
with CD4 counts above 100 cells/ul. Data reported previously
by Morris et al. from a larger cohort of HIV-1/TB-coinfected
patients from South Africa that included various forms of TB
and was unrestricted for CD4 counts also showed no effect of
anti-TB therapy on HIV-1 replication (19). Data from Africa
contrast with data from the United States (11) and Europe
(personal communications), where heightened HIV-1 activity
in subjects dually infected with HIV-1 and pulmonary TB de-
creased significantly after completion of antituberculous che-
motherapy. Differences between African and non-African
HIV-1-infected cohorts with pulmonary TB maybe due to
more timely access to medical care in the latter cohort. In this
scenario, effects of differences in the length of “immune” pres-
sure due to uncontrolled M. tuberculosis infection on HIV-1
replication may account for the differences between the two
cohorts. Importantly, here, viral loads of HIV-1/TB-coinfected
subjects remained high 6 months after completion of chemo-
therapy. These data further underscore the deleterious effect
of pulmonary TB on the course of HIV-1 disease.

Here, we distinguish two groups of HIV-1/TB-coinfected
patients based on reduction in HIV-1 viral load by the end of
anti-TB treatment. The group with a significant drop in HIV-1
viral load by 6 months (i.e., responders) was older. This is in
contrast to previously published data where age has been iden-
tified as a negative prognosticator of progression of HIV-1
disease (13). The two groups (responders and nonresponders)
were equally comprised of men and women. Importantly, in
responders, viral loads returned to baseline levels 6 months
after treatment of TB. In nonresponders, HIV-1 viral load
increased significantly during follow-up. In contrast, the
changes in HIV-1 viral load between plasma obtained 6
months apart in HIV-1-infected control subjects was insignif-
icant. These data indicate that a history of TB is associated
with significant expansion of HIV-1 replication within a
6-month interval. Additionally, these data from the HIV-1/TB-
coinfected responder group suggest that reservoirs of latent
HIV-1 infection are likely already established prior to TB
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treatment. The subsequent loss of control of latent reservoirs
in this group and the significant increase in viral loads to
pretreatment levels at follow-up need to be addressed further
in future studies.

Macrophages contribute significantly to viral load during
HIV-1/TB coinfection (15), particularly at sites of M. tubercu-
losis infection (16). In this regard, the role of macrophage
activation in HIV-1/TB coinfection has been noted previously
(15). Here, the role of macrophages in supporting viral pro-
duction is particularly notable in responders who concomi-
tantly correct both their serum viral loads and sCD14 by the
end of TB treatment. In the nonresponders, an insignificant
drop in sCD14 by the end of treatment, i.e., persistent macro-
phage activation, may be based on continuous CD4-T-cell/
macrophage interaction.

The reason(s) for differences in viral replication between
HIV-1/TB-coinfected responders and nonresponders is un-
clear and may relate to the duration of TB-related immune
pressure. Responders may have been subjected to shorter pe-
riods of immune pressure, as diagnosis of progressive primary
pulmonary TB is more common at lower CD4 counts (14). By
contrast, nonresponders likely may include more subjects with
reactivation of pulmonary TB and may therefore be subjected
to prolonged immune activation. As noted above, even in re-
sponders, HIV-1 viral load increased back to baseline after
successful completion of TB treatment and to levels higher
than those in the HIV-1 control subjects. These data suggest
that HIV-1 reservoirs maybe large and saturated in HIV-1/TB-
coinfected subjects. Thus, regardless of the initial response in
lowering the viral load, sustained generalized immune activa-
tion (11) may promote viral replication after successful treat-
ment of TB. Whether persistent cellular activation in HIV-1/
TB-coinfected patients underlies the loss of control of HIV-1
replication is not known but may be responsible for the exces-
sive mortality associated with dual infection (27).

In summary, HIV-1 replication during dual HIV-1/TB coin-
fection is less amenable to virologic control by treatment of TB
compared to other OI. HAART needs to be evaluated for
patients dually infected with HIV-1 and pulmonary TB in both
anti-TB responders and nonresponders, as both groups are
subjected to high viral replication at follow-up. Clinicians
treating HIV-1/TB coinfection face numerous challenges. Cur-
rently, many of the antiretroviral drugs have important inter-
actions with rifampin, a first-line drug for the treatment of TB.
Key issues that should be addressed in future studies include
both optimal regimens and time to start HAART in HIV-1/
TB-coinfected patients. As earlier institution of HAART may
effectively abrogate the risk of development of TB (10), and
thereby the deleterious impact of TB on HIV-1 disease, this
strategy should be considered in developing countries where
the incidence of M. tuberculosis infection remains rampant.
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