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Abstract
Background  With 1.5 million deaths worldwide in 2018, tuberculosis (TB) remains a major global public health problem. 
While pulmonary TB (PTB) is the most common manifestation, the proportion of extrapulmonary TB (EPTB) is increas-
ing in low-burden countries. EPTB is a heterogeneous disease entity posing diagnostic and management challenges due to 
the lack of reliable biomarkers. In this study, we prospectively evaluated clinical data and treatment response which were 
correlated with different biomarkers.
Methods  The study was conducted at the University Hospital of Cologne. 20 patients with EPTB were enrolled. We analyzed 
plasma interferon-γ-inducible protein 10 (IP-10) levels in plasma by ELISA for up to 12 months of treatment. In addition, the 
QuantiFERON®-TB Gold Plus (QFT® Plus) test was performed during the course of treatment. Clinical data were assessed 
prospectively and correlated with QFT® Plus and IP-10 levels.
Results  Plasma IP-10 levels were found to be significantly increased (p < 0.001) in patients with extensive disease compared 
to patients with limited disease (cervical lymph node TB) or healthy controls. In patients with clinically confirmed paradoxi-
cal reaction (PR), a further increase of IP-10 was noted. IFN-γ measured by the QFT® Plus test did not decrease significantly 
during the course of treatment. Of note, in four EPTB patients (20%) without radiographic pulmonary involvement, sputum 
culture was positive for Mycobacterium tuberculosis.
Conclusion  Our data demonstrate that IP-10 may be a valuable biomarker for estimation of disease severity in EPTB and 
monitoring of the disease course in extensive forms. However, IP-10 may be less suitable for diagnosis and monitoring of 
EPTB patients with limited disease. The QFT® Plus test does not appear to be a suitable marker for therapy monitoring. 
Sputum should be examined in EPTB patients even in case of normal diagnostic imaging of the chest.

Keywords  Extrapulmonary tuberculosis · Biomarker · IP-10 · Paradoxical reaction · QuantiFERON®-TB gold plus test · 
EPTB

Introduction

About 10 million people contracted tuberculosis (TB) in 
2018 [37]. The burden of disease varies enormously between 
different regions [37]. Management of TB in low-burden 

countries means increasingly focusing on extrapulmonary 
manifestations of the disease, since a rise in the propor-
tions of extrapulmonary TB (EPTB) of up to 50% has 
been observed in some areas [6, 20] over the past decades. 
Despite this observation, EPTB remains largely neglected by 
public health and clinical research compared to pulmonary 
TB (PTB). There are only few prospective studies focusing 
on EPTB, although the correct diagnosis and optimal treat-
ment of EPTB is challenging. Microbiological confirmation 
of suspected EPTB often requires tissue biopsies, whereas 
treatment monitoring is usually based on clinical findings 
and imaging due to the lack of suitable biomarkers [1, 9]. 
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Paradoxical reactions (PR) with enlargement of lesions 
despite effective treatment occur frequently, and can cause 
uncertainties regarding the treatment response that may 
eventually lead to prolonged therapy courses.

In PTB, the best studied biomarker for successful treat-
ment is conversion to negative sputum culture [15], which 
is not applicable to most EPTB cases where repetitive 
invasive tissue sampling is not recommended. Thus, vali-
dation of alternative biomarkers for treatment response is 
urgently needed in EPTB to shorten treatment duration and 
to ensure rapid detection of treatment failure, often resulting 
in the development of drug resistance. Interferon (IFN)-γ-
inducible protein 10 (IP-10), a pro-inflammatory chemokine 
secreted by a variety of immune cells such as monocytes, 
neutrophils, macrophages, and endothelial cells, has been 
proposed as surrogate for treatment response in PTB [14, 
36]. IP-10 levels are reported to be higher and detected more 
reproducibly than IFN-γ and therefore IP-10 is considered a 
candidate biomarker for control of TB. Recent data revealed 
a significant decline of IP-10 measured in plasma or on dry 
plasma spots (DPS) in successfully treated TB patients [13].

The QuantiFERON®-TB Gold Plus (QFT® Plus) assay, a 
highly standardized assay for detection of latent TB infec-
tions (LTBI) diagnostics [24, 31, 35], detects interferon-γ 
(IFN-γ) released from peripheral blood monocytes stimu-
lated with specific Mtb antigens. At present, the assay is 
not recommended for the purpose of treatment monitoring. 
However, some studies indicate that the latest test generation 
may provide a tool for treatment monitoring in PTB. There-
fore, our aim within this study was to evaluate IP-10 and the 
QFT® Plus assay in the course of treatment in patients with 
EPTB and to prospectively analyze clinical characteristics 
of EPTB patients.

Methods

Study participants

Since August 2018 patients with confirmed diagnosis of 
EPTB presenting at the University Hospital of Cologne, 
Germany, were enrolled in a prospective, monocentric study 
for EPTB (Cologne EX-TB study) after obtaining informed 
consent. EPTB was diagnosed based on a positive culture, 
positive acid-fast bacilli (AFB) microscopy or PCR for M. 
tuberculosis (Mtb) complex, detection of extrapulmonary 
lesions in imaging (e.g., CT, MRI, X-rays, ultrasound) and 
histopathological findings. Sputum (3 days in a row) and 
urine samples were taken from every patient at baseline (for 
Mtb culture, microscopy and PCR). Blood samples were 
collected in all patients at baseline, after 1, 3, 6 months, 
and in cases with prolonged treatment duration also at 9 

and 12 months of treatment. The study was approved by the 
Ethics Committee of the University of Cologne (18-079).

Paradoxical reaction

Paradoxical reaction (PR) was defined as clinical worsen-
ing (e.g., fever, pain) or a radiographic increase in the size 
of previously identified lesions or the appearance of new 
lesions despite microbiologically appropriate TB therapy in 
the absence of disease relapse or the presence of another 
diagnosis [4, 10].

Imaging

Imaging was performed to assess general organ involve-
ment at baseline and treatment response, according to the 
involved organ. Thus, in seven patients with cervical lymph 
node TB, sonography of all lymph nodes was performed 
every 3 months. Furthermore, sonography was performed in 
two cases with abdominal TB every 3 months for follow-up. 
In three patients with bone affection, magnetic resonance 
imaging (MRI) was carried out every 3–6 months, and in 
the presence of other manifestations (e.g., mediastinal lymph 
nodes, pleural involvement etc.), CT scans were performed 
every 3–6 months. To determine the extent of the disease, a 
positron emission tomography (PET)-CT was performed in 
two cases. We distinguished between cases with only local-
ized organ involvement, consisting of 1–2 cervical lymph 
nodes (limited disease), and cases with a more disseminated 
form of TB (extensive disease).

Statistical methods

Data processing and statistical analysis were performed 
using the software GraphPad Prism Version 8.0. Patient 
characteristics were reported as absolute numbers with 
percentage and median with interquartile range (IQR) as 
appropriate. Non-parametrical and parametrical statistical 
methods were used. Friedman test or one-way ANOVA was 
applied for measuring differences during treatment. For 
groupwise comparison two-way ANOVA or Mann–Whitney 
U test was applied and for dependent variables two-tailed 
Wilcoxon matched pair test. p = 0.05 was considered statisti-
cally significant.

Plasma IP‑10 enzyme‑linked immunosorbent assay 
(ELISA)

Plasma IP-10 was determined in duplicate by using a com-
mercially available ELISA kit (Sigma Aldrich, Human 
IP-10/CXCL10 ELISA Kit, for serum, plasma, and cell cul-
ture supernatants, Product Number RAB0119) according 
to the manufacturer´s instructions. The IP-10 levels were 
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measured at baseline (± 7 days of treatment initiation) and 
after 3 and 6 months (where available 9 and 12 months after 
treatment initiation). The minimum detectable level for 
IP-10 was 8 pg/ml.

QuantiFERON®‑TB Gold Plus assay

The QFT® Plus assay was performed at baseline and after 
1, 3 and 6 months of treatment. The QFT® Plus assay was 
performed as per the manufacturer’s instructions with 
an incubation time between 16 and 24 h at 37 °C. Tubes 
were centrifuged, the plasma removed and the amount of 
IFN-y (ILI/ml) measured by ELISA. The antigens used in 
the QFT® Plus assay are a peptide cocktail simulating the 
proteins ESAT-6, CFP-10 and TB7.7(p4) (contained by 
both tubes Antigen 1 and 2) [26]. A recombinant human 
IFN-y standard, which had been assayed against a reference 
IFN-y preparation (NIH Ref: GxgO l-902-535), was used 
to calibrate a four-point standard curve and interpret sam-
ple optical density into estimated IFN-y (IU/ml). A test was 
considered positive for an IFN-y response if the negative 
control tube (NIL) value was lower than 8.0 IU/ml plus the 
IFN-y IU/ml value of the TB antigen minus the NIL value 
was greater or equal to 25% of the NIL value plus greater or 
equal to 0.35 IU/ml.

Results

Study subjects

Since August 2018, a total of 20 patients were included in 
this study. Seven patients (35%) were diagnosed with iso-
lated cervical lymph node TB. 14 patients (64%) suffered 
from a more severe form of TB with, in some cases, dissemi-
nation of the disease to different organ sites (suppl. Table 1). 
Culture was positive for Mycobacterium tuberculosis (17) 
or Mycobacterium bovis (2) in all cases except for one. In 
this patient, diagnosis was based on clinical suspicion, his-
tology findings and positive QFT® Plus test. In 13 patients 
(65%), the diagnosis was obtained by lymph node biopsy, 
three by bone biopsy, two by pleura puncture, one by per-
itoneal biopsy and one by liver biopsy. All patients were 
examined for Mtb sputum positivity by microscopy, PCR 
and culture. In five (25%) patients, Mtb was detected in a 
sputum sample by PCR and culture despite negative imag-
ing results for pulmonary involvement (3 X-rays and 2 CT 
scans). Sputum smear was microscopically AFB negative in 
all of our patients. 16 patients received a standard four-drug 
TB regimen (INH, RMP, PZA, EMB), whereas two patients 
received a three-drug regimen due to intrinsic PZA resist-
ance in M.bovis species. Treatment had to be modified due 

to isoniazid resistance in two patients (RMP, PZA, EMB, 
MXN).

Imaging

In two cases, PET-CT was performed at baseline demon-
strating FDG-avid lesions involving mainly lymph nodes. 
In patients with limited disease, a reduction in lymph node 
size was observed in all patients within 6–9 months of TB 
therapy. PR occurred in four patients with extensive disease 
and was suspected in one patient with limited disease due 
to repeated fistulas. Corticosteroids were administered in 
two patients with suspected PR which led to decrease of 
lesion size. The remaining patients were clinically monitored 
closely and the PR appeared to be self-limiting. Figure 1 
exemplarily shows two patients with suspected PR due to 
increasing lesion size on follow-up imaging after an excel-
lent initial clinical response on adequate TB therapy. None 
of these patients with PR were sputum culture positive.

Plasma IP‑10 levels

The median IP-10 plasma level was 405  pg/ml 
(197.80–1547.00) in extensive TB vs. 68  pg/ml 
(23.42–125.30) in limited disease at baseline, therefore 
IP-10 levels were found to be significantly higher (p < 0.001) 
in patients with extensive disease (Fig. 2). Baseline plasma 
IP-10 levels in patients with limited disease did not differ 
from levels found in plasma from healthy controls despite 
using a highly sensitive ELISA test system. Sputum cul-
ture positivity was not associated with elevated IP-10 levels 
(p = 0.8854). Of note, in two patients with limited disease 
sputum culture came back positive, but baseline IP-10 levels 
were low. In eight patients with extensive disease, IP-10 lev-
els were longitudinally observed during the course of treat-
ment. Four patients showed a significant decline of IP-10 
levels corresponding to clinical and radiographic improve-
ment during 6 months of treatment (p < 0.001). In the other 
four patients, IP-10 levels either remained high or increased 
further (Fig. 3). These were precisely the patients with 
extensive TB that were clinically and by imaging diagnosed 
with a PR (Fig. 3). Three of these patients, who experienced 
a PR, did not have any known concomitant disease. One 
patient was HIV positive.

IP‑10 levels in correlation to other inflammatory 
markers

CRP was referred to as not elevated when the values were 
below 5 mg/l. 80% (16) of our patients had elevated CRP 
at baseline. The median baseline CRP was 23.5 mg/l (IQR 
6.9–77.4; N = 20), after 1 month of treatment median CRP 
was 7.7 mg/l (IQR 3.4–66.1; N = 20), after 3 months of 
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treatment median CRP was 6.00  mg/l (IQR 1.7–12.6; 
N = 17) and after 6 months of treatment median CRP was 
3.5 mg/l (IQR 0.8–13.9; N = 15) in our cohort (Suppl. 
Fig. 1). After 1 month of treatment, 11 (55%) patients 
exhibited normalized CRP values (p = 0.0103).

In patients with extensive disease, median CRP was 
significantly higher than in limited disease (p = 0.0059) at 
baseline [43.90 mg/l (IQR 20.1–89.7; N = 13) vs. 6.6 mg/l 
(IQR 1.6–9.2; N = 7)]. There was a significant correlation 
between CRP and IP-10 levels (p < 0.001; p = 0.69) at base-
line, but a correlation was not seen any more after 3 and 
6 months of treatment (p = 0.58; p = 0.75). Of note, three 
out of four patients showed a rapid decline and normaliza-
tion of CRP despite clinical and radiographic signs of PR, 
which stands in contrast to plasma IP-10 levels (Fig. 3). 
The median baseline erythrocyte sedimentation rate (ESR) 
was 52 mm/h (IQR 15.2–78.0). There was no significant 
difference between limited and extensive disease (p = 0.14) 
concerning ESR at baseline. Furthermore, no significant 
correlation could be shown between ESR and IP-10 levels 
(p = 0.14) at baseline.

QuantiFERON‑TB Gold® assay

In 15 patients, QFT® Plus assay was analyzed in the course 
of treatment. No significant decline of Antigen tube 1 
(p = 0.9713) or 2 (p = 0.4698) in IFN-γ level (Fig. 4) was 
detectable. Baseline values and values gathered during the 

Fig. 1   Paradoxical reaction—CT scan with contrast medium: a cervi-
cal lymph node at baseline and b after 4 months of treatment show-
ing increasing cervical lymph nodes in a HIV-positive patient with 

disseminated TB. MRI of the spine (T2 TSE axial): c paravertebral 
abscess at baseline and d after 2  months of treatment showing an 
increase of lesion size

Fig. 2   IP-10 levels at baseline (± 7 days before treatment initiation) in 
20 patients. Gray bars = 7 patients with isolated cervical lymph node 
TB (limited disease); black bars = 14 patients with more extensive 
disease (extensive disease); HC healthy control
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Fig. 3   IP-10 levels and CRP at different time points in the course of treatment in four patients without and four patients with paradoxical reaction
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treatment course did not correlate with the extent of disease 
or presence of PR (Fig. 4).

Discussion

We conducted a prospective observational study to describe 
the clinical course of EPTB along with biosampling, which 
allowed for longitudinal evaluation of different biomarkers 
including IP-10 and the most recent version of the QFT® 
Plus assay. All patients were examined for Mtb sputum 
positivity even though imaging (Chest X-ray or CT) did 
not show pulmonary involvement. In five (25%) patients 
with normal chest radiography (3 X-ray and 2 CT scan), 
Mtb could be detected in a sputum sample by PCR and 
culture. This important observation indicates that even in 
the case of solely extrapulmonary involvement determined 
by radiography, sputum specimen should be examined for 
Mtb in suspected EPTB. This may facilitate and accelerate 
the diagnosis and may exclude any possible risk of infec-
tivity. Subsequently, sputum culture conversion could be 
used for monitoring of treatment response in these patients. 
In a retrospective study involving 248 EPTB patients, El-
Hasmi et al. could show similar findings, where 23% of their 
patients with EPTB and normal chest radiographs revealed 
positive sputum culture results [7]. However, in most EPTB 
patients, clinical management is particularly challenging 
since response to therapy needs to be evaluated by imag-
ing. Non-specific inflammatory parameters such as CRP 
and ESR may be elevated at the onset of the disease. In our 
cohort, median CRP was significantly higher in patients with 

extensive forms of EPTB than in limited disease at baseline 
(p = 0.0059). After 1 month of therapy, the CRP was normal-
ized in about half of the patients (55%). This shows that CRP 
can be used to evaluate initial response to therapy (Figs. 3 
and Suppl. Fig. 1). Due to the rapid decline in the course of 
treatment, it is not a useful marker for determining the treat-
ment duration in TB in general.

IP-10 has been widely studied as a biomarker for TB. 
Several studies considered IP-10 to be valuable in the diag-
nosis of TB or the differentiation between LTBI and active 
TB (ATB) when determined in the cell supernatant after 
stimulation with Mtb-specific antigens (Ag) [23, 27, 28, 
36]. However, so far, no consistent cutoff values have been 
defined. In a meta-analysis by Qiu et al., studies performed 
with plasma IP-10 or IP-10 detected in the supernatant of 
Ag-stimulated whole blood were included. An overall poor 
diagnostic value with sensitivity of 72% could be shown for 
the discrimination between LTBI and ATB for stimulated 
and unstimulated IP-10 measurement [27, 28]. Our data 
indicate that, despite using a highly sensitive ELISA test 
system, patients with proven ATB but limited disease show 
very low plasma IP-ten levels below 100 pg/ml and values 
do not differ from those found in the healthy control (Fig. 2). 
These patients would not have been diagnosed with ATB by 
plasma IP-10 measurement alone.

Plasma IP-10 has also been recognized as a biomarker 
for therapy monitoring of PTB and EPTB [14, 23, 33]. For 
PTB, it could be shown that the initial IP-10 levels corre-
late with the sputum bacterial load evaluated by microscopy 
[14]. Significant changes in IP-10 levels between the time of 
diagnosis and treatment completion were observed. Patients 

Fig. 4   QuantiFERON-TB Gold Plus® IFN-γ levels pre-treatment and after 4 weeks, 3 months and 6 months of treatment. Limited disease (gray) 
and extensive disease (black)
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with relapsing disease showed an increase of IP-10 [13, 14, 
33]. Hoel et al. investigated whether IP-10 quantified in 
plasma and in dried plasma or blood spots could be used to 
monitor treatment efficacy of EPTB patients. Elevated lev-
els were observed in the majority of patients, and a decline 
was seen after 2 months and from baseline to the end of 
treatment. However, in this study, the extent of the disease 
was not evaluated and no comparison was made between 
different grades of dissemination [13]. In our study, plasma 
IP-10 does not seem to be useful for treatment monitoring in 
EPTB patients with limited disease such as isolated cervical 
lymph node TB, since IP-10 levels were too low at baseline. 
However, in patients with extensive disease, our data sug-
gest that IP-10 is elevated at baseline and decreases over 
the full course of treatment (Fig. 3), whereas CRP values 
rapidly decline during the first weeks of treatment. Thus, 
IP-10 may be of use in determining the treatment duration 
in EPTB. This hypothesis should nevertheless be considered 
with caution, since we only observed four patients over a 
period of 6 months.

In four (20%) patients with extensive disease and radi-
ologically confirmed PR, there was no decline of plasma 
IP-10 (Fig. 3). PR or TB immune reconstitution inflam-
matory syndrome (TB-IRIS), which is often used synony-
mously [21], is frequently observed in EPTB [10] occur-
ring in up to 25% of HIV-negative patients. In HIV-positive 
patients, the rates are even higher [2]. It is most frequently 
observed in HIV/TB coinfected patients with low CD4 cell 
count after initiation of antiretroviral therapy [3]. In contrast, 
an ‘unmasking IRIS’ or HIV-IRIS is an immune response 
against a pathogen that has not caused any obvious clinical 
disease before the initiation of ART [29]. IP-10 plays an 
important role in HIV infection and is associated with dis-
ease progression [22]. In PR or TB-IRIS, a cytokine release 
syndrome is suspected to be the underlying mechanism [32]. 
Interestingly, CRP did not increase when PR was suspected 
in our cohort (Fig. 3). Plasma IP-10 is increased in numerous 
infectious diseases, such as hepatitis C [12], bacteremia [8] 
and in other inflammatory conditions [19]. In patients with 
rheumatoid arthritis, IP-10 was suggested as a useful tool to 
determine disease activity and disease progression which 
was superior to common inflammatory markers such as CRP 
[34] due to a better correlation with clinical disease activity 
scores [34]. Yang et al. analyzed in detail the differences 
in cytokine expression profiles in critically ill, severe and 
moderate COVID-19 cases and observed that, among other 
cytokines, IP-10 is highly associated with disease severity 
and can be used as an excellent predictor for disease progres-
sion [38]. Therefore, the determination of IP-10 levels in 
patients with COVID-19 in early clinical stages may provide 
useful information for treatment strategies. Similar findings 
were described for Ebola virus disease [17]. IP-10 could 
also be useful in other chronic progressive infections with 

inflammatory exacerbations where treatment responses may 
be difficult to monitor. One example is leprosy, an infec-
tious disease caused by M. leprae where assessment of 
acute inflammatory reactions may be difficult only by clini-
cal evaluation as it is the case in TB with assumed PR [18]. 
IP-10 values that remain steady or increase during the treat-
ment course may predict the occurrence of PR. Thus, IP-10 
could be useful in personalized treatment approaches with 
immunomodulatory drugs such as corticosteroids or other 
host-directed therapies [11, 30]. Persistently high IP-10 lev-
els could also indicate a lack of treatment response, possibly 
due to drug resistance. It seems not possible to differenti-
ate between PR and inadequate treatment using IP-10 alone 
and additional information on treatment adherence and drug 
resistance of the respective strain is required for interpreta-
tion. In addition to IP-10, we also investigated the QFT® 
Plus assay in the course of treatment. Recent publications 
reported that the QFT® Plus assay may be useful for treat-
ment monitoring in PTB [16] [25]. This interferon-γ release 
assay (IGRA) detects IFN-γ secreted by CD8- and CD4-
positive T cells [16]. Kamada et al. described a statistically 
significant decrease of IFN-γ in PTB within the course of 
treatment, which is different from studies using the previous 
version of the QuantiFERON-TB Gold assay [5]. We could 
not reproduce these findings for EPTB in our study (Fig. 3); 
there was no significant decrease of the measured IFN-γ 
levels (Fig. 4) in Antigen tube 1 (p = 0.97) or 2 (p = 0.46) 
over the treatment course of 6 months.

In conclusion, our data show that IP-10 levels are very 
low in limited EPTB and thus do not seem to be suitable for 
diagnostics or to monitor the course of the disease in these 
patients. In more extensive forms of EPTB, IP-10 may be 
of value for treatment monitoring and for identification of 
PR where the QuantiFERON-TB Gold assay is of limited 
use. IP-10-guided host-directed therapy with corticoster-
oids could be an option for improved management of PR 
in culture-confirmed EPTB cases which requires further 
evaluation in prospective studies with larger patient num-
bers. Complete sputum diagnostics should be performed in 
every patient with suspected or otherwise confirmed EPTB.
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