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Background: It has been suggested that deterioration of tuberculosis (TB) during appropriate treatment,
termed a paradoxical reaction (PR), is more common and severe in HIV positive individuals on highly
active antiretroviral therapy (HAART).
Method: A study was undertaken to determine the frequency of PR and its associated features in a
population of HIV+TB+ patients and a similar sized group of HIV2TB+ individuals.
Results: PR occurred in 28% of 50 HIV+TB+ patients and 10% of 50 HIV2TB+ patients. Disseminated TB
was present in eight of 13 HIV+TB+ patients and four of five HIV2TB+ patients with PR. In 28 HIV+TB+
patients starting HAART, PR was significantly associated with commencing HAART within 6 weeks of
starting antituberculosis treatment (p = 0.03) and was more common in those with disseminated TB
(p = 0.09). No association was found between development of PR and baseline CD4 count or CD4
response to HAART.
Conclusions: PR is common in HIV infected and uninfected individuals with TB. Early introduction of
HAART and the presence of disseminated TB appear to be important in co-infected patients.

T
he phenomenon of a ‘‘paradoxical reaction’’ (PR) during
the treatment of tuberculosis (TB), in which existing
disease may worsen or new lesions appear, has been

recognised for many years.1 2 It is unpredictable in its timing
(occurring anything from a few days to many months after
the start of antituberculosis chemotherapy) and in its
duration and severity. Recognition of deterioration resulting
from PR rather than from treatment failure, drug resistance
or another infection can therefore be difficult. Most reported
cases have complicated the treatment of lymph node or
cerebral disease, with enlargement of nodes seen in
approximately 30% in one large series.3 While these occur-
rences are usually self-limiting, respiratory failure and death
have been described, mainly with miliary and pulmonary
disease.4 In the past few years an increase in the frequency
and severity of PR in association with HIV co-infection has
been reported compared with both HIV negative TB patients
and co-infected patients before the introduction of antire-
troviral drugs.5 The reasons for this are not clear but may be
related to the introduction of highly active antiretroviral
therapy (HAART) which has been implicated in inflamma-
tory reactions analogous to PR in patients with Pneumocystis
pneumonia,6 Mycobacterium avium complex,7 and cytomegalo-
virus infection.8 However, not all studies performed since
the introduction of HAART have reported an increased fre-
quency in PR.9 This may be partly because investigators report
predominantly either outpatients or inpatients. This could
lead to differences between cohorts in, for example, TB
severity and drug adherence—which may in turn alter the
occurrence of PR. The drug regimens in studies published so
far have also largely avoided the use of protease inhibitors or
non-nucleoside inhibitors with rifamycins, which would now
be considered standard treatment.
To estimate the frequency and nature of PR in a

heterogeneous clinic and inpatient population we performed
a retrospective study of all HIV/TB co-infected individuals
treated at our institution from 1997 when HAART became
widely available. A similar sized group of HIV negative TB
patients served as a comparison population.

METHODS
Patients diagnosed with TB between February 1997 and
February 2002 were identified from the Royal Free Hospital
TB database which records all patients diagnosed with TB in
our urban teaching hospital. Treatment was initiated either
as an inpatient or an outpatient depending on symptom
severity. All patients in the clinic received self-administered
treatment. Clinical information was validated against
patient case notes. Diagnoses were accepted if the patient
had: (1) a positive culture for Mycobacterium tuberculosis; (2)
had been culture negative but AFB smear and/or nucleic
acid amplification assay positive (TB Strand Displacement
Amplification assay, Becton-Dickinson, NJ, USA) with
clinicoradiological features and response to treatment con-
sistent with TB; (3) histological findings consistent with TB
and response to treatment consistent with TB. Patients were
excluded if they were followed up for less than 6 months or
never started TB treatment. The comparator population was
selected by identifying consecutive TB patients who satisfied
the definition of diagnosis, did not meet the exclusion
criteria, and had a documented negative HIV antibody test.
PR was defined as a worsening of clinical or radiological

findings following the initiation of appropriate antitubercu-
lous treatment in the absence of evidence of disease relapse
or the presence of another diagnosis. Dissemination was
defined as clinically or radiologically apparent disease at
more than one site, with or without laboratory confirmation.
Dual antiretroviral therapy was defined as the use of two
nucleoside reverse-transcriptase inhibitors (NRTIs). HAART
involved the use of two NRTIs with either a protease inhibitor
(PI) or a non-nucleoside reverse-transcriptase inhibitor
(NNRTI).
Statistical analysis was performed using Fisher’s exact test,

x2 test, Mann-Whitney U test, and Kaplan-Meier methods.

RESULTS
Sixty four patients with HIV/TB co-infection were identified,
14 of whom were excluded from the study: four were treated
on clinical grounds but did not meet our diagnostic criteria
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(one of whom experienced PR), four had died (three within a
few days of starting TB treatment and one of non-Hodgkin’s
lymphoma without adhering to antituberculosis treatment),
in three cases patient records were unavailable for data
analysis, and three patients were followed up at other
centres. This left 50 HIV+TB+ individuals. Fifty consecutive
HIV2TB+ patients fitting the inclusion criteria were identi-
fied for inclusion in the control group. The baseline charac-
teristics of the two groups are shown in table 1. The two
groups differed significantly with respect to both ethnicity
(p,0.001) and the presence of disseminated TB (p=0.001).
Paradoxical reactions were seen in 14 HIV+TB+ patients

(28%; 95% CI 16 to 43) and five HIV2TB+ patients (10%; 95%
CI 3 to 22). All cases of PR were in patients with culture
confirmed TB sensitive to all first line antituberculosis drugs.
PR occurred in patients of all ethnicities. The features
associated with PR in the two groups are shown in table 2.
In those with PR, disseminated TB was present in nine of 14
(65%) HIV+TB+ patients and four of five (80%) HIV2TB+
patients. The median time from starting TB treatment to PR
was 33 days in the HIV+TB+ patients (range 3–173 days) and
87 days in the HIV2TB+ patients (range 23–157 days).
However, in HIV+TB+ patients the median time between
starting HAART and PR was only 11 days. Of the HIV+TB+
individuals with PR, all were either receiving HAART at the
time of TB diagnosis or started it subsequent to this
diagnosis. Two patients had episodes of PR before starting
HAART, one of whom had a further episode after starting
antiretroviral therapy.
Corticosteroids were prescribed in nine cases. The reasons

for the prescription were severe systemic manifestations or
prolonged duration of PR. Treatment led to an improvement
in all cases in a median time of 3 days (range 1–7). Effective
doses of prednisolone ranged from 10 to 80 mg daily. In all
cases steroids were tailed off gradually, with PR recurring in
three patients on their discontinuation. All responded again
when steroids were restarted.
Serum levels of C-reactive protein (CRP), erythrocyte sedi-

mentation rate, albumin, lactate dehydrogenase (LDH), and
haemoglobin as markers of systemic inflammation were
obtained in HIV+TB+ patients at the time of TB diagnosis. No
significant differences in these parameters were observed
when comparing patients who subsequently developed PR
with those who did not (data not shown). At the time of PR,
CRP levels were increased in all 10 in whom they were mea-
sured and LDH levels were increased in five of seven in whom
they were measured. However, only in two cases had these
levels risen in comparison with the levels at TB diagnosis.

Of the 50 HIV+TB+ patients studied the median CD4 count
at the time of TB diagnosis was 119 cells/ml (range 2–831)
and HIV viral load was 5.5 log copies/ml (range 1.69–5.9).
Nine did not have HAART during treatment for TB, 13 took
HAART both before and after the diagnosis of TB, and 28
received HAART subsequent to the diagnosis of TB.
The 28 HIV+TB+ patients who received HAART only after

starting antituberculosis treatment were analysed separately.
The data for this group are shown in table 3. Eight of the 28
patients (29%) had PR. Their median CD4 count at TB
diagnosis was 58 cells/ml (range 30–143) and the viral load
was 5.5 log copies/ml (range 5.2–5.9). No association was
found between PR and baseline CD4 count or CD4 response
on HAART. In this group PR was significantly associated with
starting HAART within 6 weeks of TB diagnosis (p=0.03).
PR was more common in those with disseminated disease
(6/13 with dissemination v 2/15 without dissemination;
p=0.09) and viral load suppression to ,400 copies/ml
within 6 months (p=0.3). However, none of these reached
statistical significance.

DISCUSSION
Our results, based on a population of patients with a range of
clinical disease, suggest that PR during treatment for TB is

Table 1 Baseline characteristics of study patients

HIV +ve
(n = 50)

HIV 2ve
(n = 50) p value*

Median (range) age (years) 36 (24–62) 32 (16–69) 0.2
Sex (male) 26 (52%) 26 (52%) 0.9
Primary site of disease
Pulmonary 25 (50%) 19 (38%) 0.03
Lymph node 15 (30%) 15 (30%)
CNS 1 (2%) 8 (16%)
Pleural 1 (2%) 4 (8%)
Miliary 4 (8%) 0 (0%)
Other 4 (8%) 4 (8%)

Disseminated TB 20 (40%) 6 (12%) 0.001
Ethnicity
African 35 (70%) 21 (42%) ,0.0001
Asian 2 (4%) 19 (38%)
Other 13 (26%) 10 (20%)

TB culture positive 42 (84%) 31 (62%) 0.06

*Calculated using x2 for categorical variables and Mann-Whitney U test for age, except primary site of disease
which was calculated using an extension of Fisher’s exact test.

Table 2 Comparison of frequency, manifestations, and
treatment of paradoxical reactions (PR) between HIV+TB+
and HIV2TB+ patients

HIV+ve
(n = 50)

HIV2ve
(n = 50)

PR 14 (28%) 5 (10%)
Disseminated TB and PR 9 (65%) 4 (80%)
Median (range) time from starting
TB medication to onset of PR (days)

33 (3–173) 87 (23–157)

Median (range) time from starting
HAART to onset of PR (days)

11 (8–18) NA

PR treated with corticosteroids 8 1
Manifestations of PR
Fever 4 2
Ascites 1 0
Lymph nodes 7 2
CNS 2 0
Respiratory 2 0
Pleural effusion 1 1
Ocular 0 1
Joint swelling 0 1

.1 manifestation of PR 4 2
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common in both HIV infected and uninfected individuals.
The observed frequency of 28% in our HIV positive patients is
lower than some groups have reported since the introduction
of HAART, while our rate of 10% in HIV negative patients is
higher than the rate of 2% reported by Narita et al in their HIV
negative comparison group.5 We believe these differences
may be due to patient selection. We have investigated a
typical mixed inpatient and outpatient study population with
a range of TB presentations. All patients received daily self-
administered treatment and, although not formally assessed
in this study, adherence to treatment in our cohort is
generally excellent.
The main differences between our HIV positive and HIV

negative groups were with respect to ethnicity and the
presence of disseminated TB. The former reflects the demo-
graphic characteristics in our practice as a whole. We
observed PR in all ethnic groups with no difference in
frequency according to race, although the sample size for this
analysis was small. However, there have been no reports of
ethnic differences in the occurrence of PR and we do not
believe that ethnicity explains the increased frequency in the
HIV positive group.
We and others have shown a strong association between

the use of HAART and PR.10 The underlying mechanism for
this is unclear. Our data suggest that PR is independent of
both baseline CD4 count and HAART mediated recovery of
CD4 cells as measured in peripheral blood. However, these
may not accurately reflect local immune responses in, for
example, the lung which are probably more relevant.11 This
might explain the reported slow recovery of M tuberculosis
specific T cell responses in blood from patients starting
HAART.12 13 There is a suggestion that a rapid reduction in
HIV plasma viral load may be associated with PR, as found by
Navas et al.10

In practice, the association between early initiation of
HAART and PR creates a dilemma for the clinician treating
TB/HIV co-infection. Against this must be balanced the risk
of further opportunistic infections if HAART is delayed. A
large study of co-infected patients showed that four of 188
had a further AIDS defining illness (ADI) within the first
2 months of TB treatment.14 Those at particular risk of further
ADI included patients with a CD4 count below 100 cells/ml

and patients not receiving HAART. Although our study could
not investigate the reasons which lead physicians to decide
when to prescribe HAART after TB treatment and hence we
cannot rule out confounding factors, our data suggest that
delaying HAART to avoid PR may be advisable in the
presence of disseminated TB but not necessary in those with
low CD4 counts alone. A flaw in this strategy may be the
difficulty in accurately assessing the TB burden in many
patients with advanced immunosuppression.
In HIV negative patients admitted for treatment of TB,

restoration of skin test responses to PPD after 2 weeks of
antituberculosis treatment have been reported.15 This has
been ascribed to reversal of immunosuppression due to TB
itself. However, improved nutritional status and alcohol
cessation, which might be most marked in those admitted for
treatment, have been shown to affect cell mediated immu-
nity16 and thus may also play an important part.
Disseminated TB—which is seen more frequently in HIV

infected TB patients17—was associated with PR, although this
did not reach statistical significance. This may not only reflect
the importance of immune status, as discussed above, but
also suggests that overall mycobacterial load can influence
the development of PR. Campbell and Dyson3 proposed that
rapid killing of bacilli by effective antituberculous treatment
can cause the release of large amounts of tuberculopro-
tein and other cell wall products. The ability of such materials
to elicit a severe and potentially fatal inflammatory res-
ponse was described first by Koch himself.18 It is logical to
assume that the overall inflammatory response to M tuber-
culosis reflects both the number and function of appropriate
immune cells and the amount of antigen that they encounter.
The severity and frequency of PR would therefore be expected
to increase if disseminated or extensive single organ disease
was present.
We have shown that PR is a common phenomenon dur-

ing TB treatment in a combined inpatient and outpatient
population, regardless of HIV antibody status. However, it is
seen more frequently in co-infected patients receiving
HAART. The reasons for this remain unclear, although the
timing of HAART initiation in relation to TB diagnosis
appears to be important, as does the presence of disseminated
disease. Our study is limited by its retrospective nature and
relatively small size. Results that do not achieve statistical
significance at the 5% level may become significant with a
larger sample. We believe that this warrants further pro-
spective, clinical, and laboratory investigation.
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