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Abstract
Background

There is little information regarding the reliability of repeat tuberculin skin tests (TSTs) and interferon gamma release 
assays (IGRAs) in detecting latent tuberculosis infection (LTBI) in people on anti-tumour necrosis factor (TNF) medication.

Methods
We conducted a prospective, observational study of patients referred to the Saskatoon Tuberculosis (TB) Clinic prior to 

starting anti-TNF medication. A chest x-ray (CXR), 2-step TST and IGRA (QuantiFERON-TB Gold In-Tube Method) were 
performed at baseline. Those patients with a baseline TST ≥10 mm and/or a positive IGRA were followed with a clinic visit, 

CXR, TST and IGRA at 3 and 6 months after starting anti-TNF medication. 

Results
Of 106 potential patients, 91 consented to participate. Twenty-six patients had a positive (≥10 mm) TST or IGRA at 

baseline; twelve started and stayed on anti-TNF medication through the 6-month follow-up and completed both planned 
follow-up visits. The baseline mean TST measurement for the 12 participants was 13.9 mm (SD 11.4), increasing to a mean 
of 16.8 mm (SD 9.3) post-booster. At 3 months post-anti-TNF initiation, there was an overall decrease in TST measurement 

(mean=10.0 mm; SD 9.3; p=0.013), with measurements <5 mm in 3 of the 12 patients. By the 6-month TST, a response 
recovery was observed with a mean TST measurement of 14.5 mm (SD 7.7), with 11/12 ≥5 mm. The IGRA was unchanged 

throughout the study period in all patients. The overall agreement between TST and IGRA was poor (kappa coefficient 
= 0.180, p=0.020). 

Conclusion
We demonstrated a transient but significant decrease in TST response in the first six months of anti-TNF therapy. 
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Introduction
Latent tuberculosis infections (LTBI) 
have historically been diagnosed pri-
marily through utilisation of the tuber-
culin skin test (TST) (1). Limitations of 
this testing method and research dem-
onstrating the role of interferon-gamma 
in the immune response to M. tubercu-
losis infection have led to the recent de-
velopment of interferon-gamma release 
assays (IGRAs). These assays rely on 
previously sensitised T-cells producing 
interferon-gamma when re-exposed 
to certain mycobacterial antigens (2). 
Since the first IGRA (QuantiFERON-
TB) was approved for use, a third gen-
eration version of that assay (QuantiF-
ERON-TB Gold In-Tube Method), has 
been released (2). Interpretive criteria 
for the IGRAs have not been uniform 
in the published literature, and calcula-
tion of accuracy of the IGRAs and the 
TST is challenging due to the lack of a 
reference standard for diagnosing LTBI 
(3). Poor agreement between the TST 
and IGRAs has been reported (4).
Anti-tumour necrosis factor (TNF) bio-
logical agents are widely employed in 
several inflammatory rheumatologic 
syndromes as well as other disorders 
such as inflammatory bowel disease 
(5-8). Anti-TNF agents have been as-
sociated with both increased progres-
sion to tuberculosis disease (TB) in 
TST positive patients and increased 
risk of acquiring a new TB infection 
(9). The overall risk has been reported 
to be higher with the monoclonal anti-
body anti-TNF agents (infliximab and 
adalimumab) compared to the soluble 
receptor anti-TNF agent (etanercept) 
(10, 11). Infliximab has also been asso-
ciated with a shorter time interval from 
therapy initiation to TB onset as well as 
a higher risk of disseminated and ex-
tra-pulmonary TB when compared to 
etanercept (10, 12, 13). 
There is limited documentation of the 
reliability of repeated TST and IGRAs 
for detection of LTBI in patients utilis-
ing anti-TNF agents (4, 14-16). The 
majority of previous studies investi-
gating results of TST and IGRA be-
fore and during anti-TNF therapy did 
not employ a standard 2-step TST at 
baseline (4, 14-16). There has been lit-
tle evaluation of the TST earlier than 

six months following anti-TNF therapy 
initiation. Recognising a propensity for 
LTBI reactivation early in the course of 
anti-TNF therapy (10), we conducted 
a prospective study to observe the ef-
fect of these biologic agents on TST 
and IGRA results during the first six 
months of anti-TNF therapy in patients 
with positive baseline results.  

Methods
We conducted a prospective observa-
tional study of patients starting anti-
TNF therapy. All patients referred to 
the Saskatoon TB clinic between May 
2007 and August 2008 for evaluation 
prior to anti-TNF treatment were asked 
to participate. Written informed con-
sent was obtained from all subjects; 
those patients unwilling or unable to 
consent were excluded. The protocol 
and consent form were approved by the 
Biomedical Ethics Committee at the 
University of Saskatchewan. All pa-
tients were assessed by a TB physician. 
Height and weight were recorded, and 
demographic information was collected 
including age, date of birth, birthplace, 
ethnicity (self-reported), and occupa-
tion. A medical history was obtained 
including indication for anti-TNF med-
ication, duration of illness, current and 
recent medications, and TB risk factors. 
All patients received a chest x-ray and a 
two-step TST (using the Mantoux tech-
nique as outlined in the Canadian Tuber-
culosis Standards 6th ed.) (1), and blood 
was drawn for the QuantiFERON®-TB 
Gold In-Tube (QFT-GIT) assay (Celles-
tis Inc., Valencia, USA). The TSTs were 
performed by staff at the Saskatoon TB 
clinic or at rural Public Health Centers 
in Saskatchewan with experience in the 
administration and interpretation of the 
TST. For the majority of patients, blood 
for QFT-GIT assay was drawn and the 
TST was planted at the same visit. In 
the case of the two-step TST, this would 
have occurred with the first step. Due 
to scheduling and to minimise patient 
travel, these tests occasionally occurred 
on separate dates.
Patients with negative baseline TST 
and QFT-GIT results did not have fur-
ther follow-up within the study. Patients 
with a baseline two-step TST ≥10 mm 
and/or a positive baseline QFT-GIT 
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result were reviewed by the TB clinic 
approximately three and six months 
after starting anti-TNF medication. At 
the three and six month clinic visits, 
patients were asked about current and 
recent medications, whether they had 
remained on the anti-TNF medication, 
and whether they had symptoms of TB.  
A repeat one-step TST and chest x-ray 
were performed, and blood was drawn 
for repeat QFT-GIT testing. Only those 
patients that underwent both TST and 
QFT-GIT at baseline, three and six 
months, and remained on anti-TNF 
medication for the six month duration 
of the study (evaluable group) were in-
cluded in the analysis.

Statistical Analysis 
The sample size estimation was based 
on an alpha of 0.05, a beta of 0.20, with 
a clinically significant effect size of 
5 mm and a standard deviation of the 
difference between repeated TST test 
measurements of 5 mm (based on initial 
pilot data) providing a minimum sam-
ple size requirement of 8 subjects.
SPSS v.12.0 was employed for data 
entry and analysis. Frequencies and 
means were calculated. Paired t-tests 
were employed for comparison of with-
in subject continuous data. Independent 
samples two-tailed t-tests were used 
for comparison of non-paired continu-
ous data. Repeated-measures ANOVA 
was used for comparison of longitudi-
nal continuous data. Chi-square testing 
and Fisher’s exact test were employed 
for categorical data comparisons. A ka-
ppa coefficient was used to evaluate the 
agreement between the TST and QFT-
GIT (17).

Results
Of 106 patients eligible to be screened 
for participation in this study, 91 con-
sented to participate. Of these 91 pa-
tients who were screened by QFT-GIT 
and TST, 20 had only a positive (≥10 
mm) TST, two had only a positive 
QFT-GIT, and four had positive results 
for both. There were four patients with 
‘indeterminant’ QFT-GIT results: one 
declined further participation in the 
study, one was not followed, and the 
other two had negative QFT-GIT re-
sults upon repeat testing. All four had 

0 mm TSTs. The overall agreement 
between baseline TST and QFT-GIT 
was poor (kappa coefficient = 0.180, 
p=0.020). Of the 26 patients with posi-
tive screening, 14 were initiated and 
maintained on anti-TNF therapy for the 
six month study period. Of the remain-
ing patients, seven did not start anti-
TNF therapy, one was lost to follow-up, 
and four started but received anti-TNF 
therapy for less than three months. No 
patients were identified as having ac-
tive TB as the reason for failure to 
initiate or continue anti-TNF therapy.
None of the patients followed in this 
study received TB prophylaxis after 
informed discussion, choosing close 
follow-up over chemical prophylaxis.
Chest x-ray findings were negative for 
TB in all patients and were unchanged 
throughout the study period, and no pa-
tients reported or demonstrated signs or 
symptoms of TB infection at any of the 
follow-up visits.
Of the 14 patients on anti-TNF therapy 
studied over the six month time period, 
twelve patients met criteria for inclu-
sion in the Evaluable Group as two pa-
tients had only two of the three TSTs 
performed.
Baseline demographic information 
on the Evaluable Group is outlined in 
Table I. The TST and QFT-GIT results 
are presented aggregate in Table II and 
individually in Table III. 
The baseline mean TST measurement 
for the 12 participants in the Evaluable 
Group was 13.9 mm (SD 11.4); this in-
creased to a mean of 16.8 mm (SD 9.3) 
post-booster. Two patients had initial 
TST measurements of zero and required 

a booster TST (Table III). The post-
booster baseline TST values will be used 
for the remainder of the discussion. 
The second TST was performed ap-
proximately 3 months post-anti-TNF 
initiation (mean 3.4 months; range 3–6). 
Comparison of the baseline and three 
month TST results revealed an overall 
decrease in TST measurement from 
16.8 mm (SD 9.3; range 10–45 mm) to 
10.0 mm (SD 6.3; range 0–18 mm). This 
decrease was statistically significant p = 
0.013 (95% CI: 1.77, 11.89). Addition-
ally, 3 of 12 patients had three month 
post-TNF initiation TST measurements 
which had dropped below 5 mm. 

Table I.  Baseline demographic informa-
tion for the evaluable group.

n. 12
Mean age (years) 55.7 (SD 15.1;  
 range 31-81)
Gender
Male 5
Female 7
BMI 28.9 (SD 3.7; 
 range 23.1-34.6)

BCG
Yes 5
No 4
Uncertain 3

Ethnicity
Caucasian 8
Indian 2
Metis 1
Other 1

Anti-TNF
Infliximab 4
Etanercept 5
Adalimumab 3

Disease
Rheumatoid arthritis 8
Psoriatic arthritis/psoriasis 3
Ankylosing spondylitis 1

Table II. Aggregate Tuberculin skin test and QuantiFERON-TB Gold In-Tube results.

 Baseline TST 3 months^ 6 months# 
 (baseline + booster) 

TST (mm) 16.8 (SD 9.3; range 10-45) 10.0 (SD 6.3; range 0-18 14.5 (SD 7.7; range 0-25)
≥10 mm (n) 12 8 10
≥5 mm (n) 12 9 11

QuantiFERON-TB Gold (In-Tube Method) Interferon
Positive 2 2 2
Negative 10 10 10

Agreement (TST ≥5 mm, 2/12 2/9 2/11 
   interferon +) n 

^Mean interval between baseline and 3 month testing time 3.4 months (SD 0.84; range 3-6 months);
#Mean interval between 3 month and 6 month testing time 4.1 months (SD 1.67; range 3-9 months).
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Interestingly, at the third visit a mean of 
4.1 (range 3–9) months after the three-
month assessment, a response recovery 
was observed with a mean TST measure-
ment of 14.5 mm (SD 7.7); only one pa-
tient had a TST response which persisted 
at <5 mm. Figure 1 illustrates the evolu-
tion of the TST measurements over the 
study period. Employing repeated-meas-
ures ANOVA, significant within-subject 
differences in TST measurements were 
observed over time (p=0.048).
The QFT-GIT status of all patients 
was unchanged throughout the study. 
No patient’s QFT-GIT results became 
negative or converted over the course 
of the study.  

Discussion
We observed variation in the TST re-
sponse during 6 month follow-up of 
patients receiving anti-TNF therapy 
after positive baseline two-step TST 
and/or QFT-GIT results. Specifically, 
we recorded a significant decrease from 
baseline in the magnitude of the TST 
reaction at the three month time point. 
This decrease was sufficient to drop the 
response to <5 mm in a quarter of the 
Evaluable Group, demonstrating the 
importance of completing TST screen-
ing prior to initiation of anti-TNF ther-
apy. The Canadian Tuberculosis Stand-
ards suggests TST results of 5-9 mm are 
significant in patients on immune sup-

pression (1). The TST measurements 
were significantly larger and reverted to 
≥5mm in 2 of 3 patients at the 6-month 
evaluation compared to 3 months. Re-
version of the TST reaction has been 
recognised as more common in particu-
lar subsets of patients, including those 
who are older, those who demonstrate 
the booster phenomenon, and those with 
a more modest magnitude of TST reac-
tion (18). In our study, two of the three 
patients whose TST results became <5 
mm at the first follow-up visit point had 
demonstrated the boosting phenomenon 
at baseline. However, the subsequent 
recovery of the TST reaction by the 
second follow-up in the majority of our 
study patients as outlined in Table III is 
unexplained and unlikely to be attrib-
utable to a boosting phenomenon. The 
underlying mechanism for the observed 
variation in TST response is unclear 
and merits further investigation.  
Our results are in contrast to other re-
ports that indicated the TST was not af-
fected by infliximab (14, 19). Although 
Joven and colleagues did report that one 
of their 13 patients with a positive TST 
did revert to a negative reaction after in-
fliximab, overall the TST measurement 
increased after initiation of infliximab. 
Hatemi et al. reported no significant 
difference overall between baseline and 
repeat TST in patients receiving inflixi-
mab, they did observe that of their nine 
patients with an initially positive TST, 
the TST reaction decreased in seven pa-
tients. Differences in observations may 
be in part related to the timing of the re-
peat assessments.Our baseline and first 

Table III. Individual Tuberculin Skin Test and QuantiFERON-TB Gold In-Tube results.

Gender Age  Type of TST n.1 TST n.1+boost 3 month TST Actual n. months 6 month TST Actual n. months QuantiFERON-TB 
 (years)  anti-TNF (mm) (mm) (mm) between visits  (mm) between visits Gold In-Tube result 
      
male 56 etanercept 16 16 15 3 11 9 negative
male 57 infliximab 0 10 0 3 0 4 negative
female 65 adalimumab 18 18 12 3 10 5 negative
male 31 etanercept 15 15 10 4 14 4 negative
female 57 adalimumab 14 14 5 6 8 3 negative
male 56 etanercept 45 45 8 3 17 3 negative
female 32 etanercept 9 20 15 4 25 5 positive
female 63 infliximab 12 12 0 3 10 3 negative
female 38 etanercept 11 11 10 3 25 3 negative
female 70 adalimumab 0 14 4 3 14 3 negative
female 62 infliximab 15 15 15 3 15 3 negative
male 81 infliximab 12 12 16 3 25 4 positive  
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m
illi

m
et

er
s

TST baseline          TST 3 months                      TST 6 months

25

20

15

10

5

Fig. 1.



794

LTBI testing and anti-TNF medication / J.S. Ringrose et al.

follow-up measures were done a mean 
of 3.4 months apart, an earlier time in-
terval than employed in these previous 
reports (14, 19). We acknowledge that 
some our 3 and 6 month evaluations oc-
curred outside of these time windows. 
This is a result of the infrequency of the 
TB clinics and the remote location of 
some of the patients. Due to our small 
overall numbers, these patients were 
included in the Evaluable Group. The 
exact timing of their visits are docu-
mented in Table III.  
The potential for immunomodulators to 
affect IGRA results is a consideration. 
Papay et al. (20) recently reported a sig-
nificantly lower rate of IGRA positivity 
in inflammatory bowel disease patients 
on immunomodulators compared to 
those who were not. Interestingly, of the 
8.7% of their study population who been 
exposed to infliximab prior to screening, 
none had a positive IGRA (20). These 
findings support close clinical follow 
up of patients with indeterminant IGRA 
results in this susceptible population. In 
our Evaluable Group, immunomodula-
tory baseline medications included pred-
nisone 5-10 mg/day in three patients, 
methotrexate in two patients, lefluno-
mide in 3 patients at the time of baseline 
testing and within the three months prior 
to baseline testing in another patient, 
hydroxychloroquine in two patients and 
anakinra in one patient.  
Due to the small study population, 
subgroup comparisons based on gen-
der, age or specific anti-TNF therapy 
would have limited value. However, 
comparing PPD measurements in the 
five patients receiving etanercept (anti-
TNF receptors) and the seven receiving 
monoclonal antibody forms of anti-TNF 
therapy (infliximab and adalimumab) 
revealed that the patients receiving the 
monoclonal antibody therapy were more 
likely to have a significant drop in PPD 
measurement at three months post-initi-
ation (from baseline of 13.57 (SD 2.57) 
to a second measurement of 7.43, (SD 
6.83, p=0.034; 95% CI: 0.63, 11.65) 
than those on etanercept (p=0.185). By 
the third timepoint measurement there 
was a recovery in PPD response such 
that there was no significant difference 
when compared to baseline measure-
ments for either therapeutic group. 

Few in this group of patients initiating 
anti-TNF therapy had a positive QFT-
GIT result, and no changes in the QFT-
GIT results were evident during the six 
month study period. There was poor 
agreement between TST and QFT-GIT 
results, consistent with the findings of 
previous investigators (4).  
Our observed decrease in TST response 
during the first six months of anti-TNF 
therapy support heightened clinical 
monitoring for TB symptoms and signs 
and careful interpretation of LTBI 
screening tests in this population.
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