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Skin thickness affects the result of tuberculin ==

skin test in systemic sclerosis
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Chingching Foocharoen”

Abstract

Background: Skin thickness is a prominent clinical feature of systemic sclerosis (SSc), but there is no consensus on
the cut-off for a positive tuberculin skin test (TST) size and the limitation of the TST for a diagnosis of tuberculosis
in SSc. We aimed to identify the cut-off size of an indurated TST and the sensitivity and specificity of the test for the
diagnosis of tuberculosis in SSc patients.

Methods: A cross-sectional study of 168 adult Thai SSc patients was conducted. The TST was done using 0.1 ml of
purified protein derivatives via intradermal injection. The test was interpreted 72 h after testing.

Results: The median age was 57.2 years. The majority (71.8%) had the diffuse cutaneous SSc subset. All the patients
had a BCG vaccination at birth, and 17 (10.1%) had a tuberculosis infection. An indurated skin reaction size of 20 mm
had the highest specificity for tuberculosis (99.3%: 95%CI 96.4-100) (ROC 0.53). The skin thickness—assessed using
the modified Rodnan skin score (mRSS)—had a significant negative correlation with the reaction size (Rho -0.23;
p=0.003).

Conclusion: The TST is not sufficiently sensitive for detecting TB infection in SSc patients, albeit a skin induration
of > 15 mm indicates a high specificity for tuberculosis infection. A high mRSS resulted in a smaller skin reaction size
when using the TST, which has limited utility as a diagnostic for tuberculosis among SSc patients with severe skin
thickness.

The manuscript was presented as a poster presentation at the Annual European Congress of Rheumatology EULAR
2019 Madrid 12-15 June 2019. (Ann Rheum Dis. 2019;78(suppl 2): abstract FRI0347) http://dx.doi.org/10.1136/annrh
eumdis-2019-eular.1456
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Key points Introduction
Systemic sclerosis (SSc) is a rare disease for which skin
« TST is a noninvasive tool for TB diagnosis, but it is  thickness is the hallmark. Skin thickness is the classical

not sensitive for TB diagnosis in SSc. presentation in the indurative phase of the disease, and
+ Extensive skin thickness affects skin reaction size by ~ the extent of skin thickness is classified into two major
TST. subsets: limited cutaneous systemic sclerosis (1cSSc) and

diffuse cutaneous systemic sclerosis (dcSSc) [1]. The skin
thickness of 1cSSc is limited to the face, hands, feet, and
forearms, whereas the skin thickness of dcSSc extends to
the trunk and both extremities proximal to the elbows.
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The modified Rodnan skin score (mRSS) is widely used
for evaluating the severity and extent of skin thickness.
The current study revealed that ultrasonography might
have benefits over mRSS in earlier skin thickness detec-
tion [2]. Rapid skin thickness progression was reported in
dcSSc patients [3], and this rapid progression is associ-
ated with a poor survival outcome and development of a
scleroderma renal crisis in the first two years of the dis-
ease [3].

Systemic sclerosis affects the thickness of the skin of
the trunk and extremities and includes internal organ
involvement (interstitial lung disease—ILD). Early pul-
monary pathology is active alveolitis characterized by a
ground glass appearance, particularly in the lower lobe,
and occasional mediastinal lymphadenopathy as visual-
ized using high-resolution computed tomography of the
chest (HRCT). Other HRCT findings include a bilateral
ground-glass appearance with and without inside fibro-
sis in the upper and lower lobe [4]. The common pres-
entations include non-productive cough and dyspnea on
exertion. Some patients develop a low-grade fever, weight
loss, and hypoxemia. These symptoms are not distin-
guishable from chronic infections like tuberculosis, for
which Thailand is an endemic area.

Mediastinal lymphadenopathy is not a common pres-
entation of active alveolitis, and Mycobacterium tubercu-
losis (TB) infection should be excluded. Widely available,
initial steps in an investigation include () a sputum study
for acid-fast staining, (b) polymerase chain reaction
(PCR) for tuberculosis, and (c) mycobacterial culture.
However, a non-productive cough is a limitation for get-
ting an adequate specimen. Bronchoscopy—an invasive
procedure—can be helpful, and bronchoalveolar lav-
age (BAL) is used to increase the diagnostic yield when
a TB infection is suspected [5]. Endobronchial ultra-
sound (EBUS) transbronchial needle aspiration (TBNA)
is an advanced technique for mediastinal node sampling.
EBUS is not widely available, and it requires an experi-
enced specialist. Finally, hypoxemia—particularly for
extensive lung involvement—makes it difficult to perform
invasive procedures, so diagnosis of TB in SSc remains
challenging.

The overall incidence of TB in Thailand was 150 cases
per 100,000. [World Health Organization, Global Tuber-
culosis Report. 2020]. TB diagnosis requires microbio-
logical confirmation of infection by sputum smear for
acid-fast staining, mycobacterium culture, or caseous
granuloma from tissue pathology.

The tuberculin skin test (TST) is a screening tool for
detecting occult or remote tuberculosis infection. The
TST is simple and inexpensive. It is performed via intra-
dermal injection of PPD 0.1 ml; the result is interpreted
48-72 h after injection.
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Although skin thickness is the classical manifestation in
SSc, there are no reports on the limitations of perform-
ing TST in SSc nor defining the cut-off for a positive TST
test size for a diagnosis of TB for such patients. We thus
sought to (@) investigate the probability of using the TST
as a screening tool for TB and (b) define the cut-off for a
positive TST size in SSc. The results would be applied for
(a) SSc patients who need immunosuppressants but who
should be tested for TB prior to starting therapy, and (b)
patients needing TB treatment or prophylaxis.

Our objectives were to (@) determine the indurated size
reaction of the TST and (b) define the cut-off TST indu-
rated size, the sensitivity, and specificity of the test for
diagnosing TB in SSc patients.

Method

A cross-sectional study was conducted between Novem-
ber 1, 2016, and November 30, 2017. The TST was
performed in SSc patients > 18 years of age at the Scle-
roderma Clinic, Khon Kaen University, Thailand. All of
the patients had a diagnosis of systemic sclerosis (SSc)—
based on the American College of Rheumatology crite-
ria and/or fulfilled the classification criteria of systemic
sclerosis by the ACR/EULAR 2013 [6]. SSc was classified
as the limited or diffuse-type as per LeRoy et al. [7]. To
meet the trifecta gold standard, the history of a previ-
ous or recent TB infection was reviewed for all patients.
We excluded the patients who underwent a TST but for
whom the result could not be interpreted within 72 h.
We used a simple random sampling technique to choose
the patients in the study. Each patient was assigned a
sequential number, and the patients with an even number
underwent the TST.

Intervention

The TST was performed using purified protein deriva-
tives (PPD) 0.1 ml injected intradermally 5 cm from the
cubital fossa (Fig. 1). The PPD 0.1 ml comprised 10 IU of
0.5% phenol and 0.005% Tween 80 in isotonic phosphate
buffer saline (PPDTRC of Chiron, Italy). The TST was
interpreted by measuring the indurated size 72 h after
injection. The test was done and reported by either a
trained nurse or doctor.

Operational definitions
A diagnosis of SSc was based on the American College of
Rheumatology (ACR) criteria [8] and/or the 2013 ACR/
European League Against Rheumatism (EULAR) Classi-
fication Criteria for Scleroderma [6]. SSc was classified as
the limited or diffuse-type as per LeRoy et al. [7].

TB was defined by any tissue or fluid culture posi-
tive for Mycobacterium tuberculosis, positive for acid-
fast staining, or a histopathological finding of caseous
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Fig. 1 Tuberculin skin test in a systemic sclerosis patient

granuloma. Previous TB infection was defined by a his-
tory of TB infection before study enrollment. TB contact
was defined as living in the same household as someone
with TB.

The onset date was the date when the patients had any
SSc symptoms. ILD was defined when either the chest
radiograph or HRCT detected interstitial fibrosis. Pulmo-
nary arterial hypertension was defined when the mean
pulmonary artery pressure was>25 mmHg by right
heart catheterization [9]. Renal impairment was defined
as serum creatinine (Cr)>1.4 mg/dL. Steroid adminis-
tration was divided into three groups according to the
prednisolone equivalency: (2) high dose was>30 mg/
day; (b) moderate dose > 7.5 but <30 mg/day; and, (c) low
dose <7.5 mg/day [10]. Immunosuppressants included
cyclophosphamide, methotrexate, mycophenolate
mofetil, or azathioprine.

Statistical analysis

The continuous data were presented as means and stand-
ard deviations, while the categorical data were presented
as proportions or percentages. We set the cut-off skin
reaction size of TST according to the classification of the
TST reaction of the CDC (Centers for Disease Control
and Prevention) into three groups:>5 mm,>10 mm,
and>15 mm. We categorized a TST reaction
size>20 mm to another group. The TST reaction size
was classified into four groups. The respective sensitivity,
specificity, and receiver operating characteristic (ROC) of
each cut-off size was calculated. Spearman’s correlation
was used to explore the correlation between indurated
reaction size and the clinical or laboratory parameters.
The data were analyzed using STATA version 11.2 (Stata-
Corp., College Station, TX, USA).
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The authors designed the study, and the Human
Research Ethics Committee of Khon Kaen University
reviewed and approved the study as per the Helsinki
Declaration and the Good Clinical Practice Guidelines
(HE611617). All eligible patients signed informed con-
sent before enrollment. The sponsor had no role in the
study.

Results

A total of 168 SSc patients were enrolled. The female to
male ratio was 1.8:1. The respective median age and the
median duration of disease was 57.2 years (IQR 52.5—
63.9) and 6.4 years (2.9-10.1). Most patients (71.8%) had
the dcSSc subset. Seventeen cases (10.1%) were defined
as TB infection, with 16 having had a previous history
of infection and 1 having had a recent infection. Before
enrollment, the median duration of TB infection was
6.5 years (IQR 3.5-16.9). Of the 151 patients who had
a non-tuberculosis infection, 16 cases (10.6%) had TB
contact with a relative. All of the patients had a history
of BCG vaccination at birth. The results of TST classified
by a history of TB infection are presented in Table 1. The
TST of those who had had a recent TB infection was no
skin reaction. The clinical characteristics of the patients
with a previous history of TB infection and no history of
infection are presented in Table 2.

The sensitivity and specificity of the TST for diagnos-
ing TB infection—classified by the size of an indurated
skin reaction—were inferred (Table 3). Accordingly, an
indurated skin reaction size of 20 mm had a sensitivity of
5.9% (95%CI 0.1-28.7) and a specificity of 99.3% (95%CI
96.4—100) with a ROC of 0.53 (Fig. 2).

After evaluating the effect of clinical characteristics on
the results of the TST, the mRSS had a significant nega-
tive correlation with the indurated skin reaction size (Rho
—0.23; p=0.003). While other clinical parameters—BMI,
SSc subset, mRSS of the right forearm where TST was
performed, serum albumin level, steroid, or immunosup-
pressant use—were not correlated with the TST result
(p=0.06, 0.14, 0.19, 0.09, 0.23 and 0.89, respectively).

Eighty-eight of the patients were on a low to mod-
erate steroid dose; 13 of whom had TB infections.
After evaluating the effect of steroid use on the TST
reaction size, steroid at a low to moderate dose was
not significantly related to the indurated skin reac-
tion size (>5 mm,>10 mm,>15 mm, and>20 mm
with a p-value of 0.15, 0.13, 0.78, and 0.29, respec-
tively). Likewise, there was no statistically significant
association between the indurated skin reaction size
and immunosuppressant use (an indurated skin reac-
tion size of>5 mm,>10 mm,>15 mm, and>20 mm
had a p-value of 0.84, 0.24, 0.78, and 0.34, respectively).
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Table 2 The clinical characteristics of the patients with previous history of TB infection and no history of infection

Clinical characteristics No history of TB infection N=151  History of TB infection N=17 p-value
Female (%) 98 (64.9) 9(52.9) 033
dcSSc subset (%) 109 (72.2) 12 (70.6) 0.86
Age at onset (years); mean £ SD 5094105 506112 0.86
Age on study date (years); mean £ SD 5794100 5854112 0.89
Duration of disease (years); mean =+ SD 69+54 79+64 0.53
Serology

Anti-topoisomerase | antibody positive (%) 77 of 92 (83.7) 10 0f 12 (83.3) 0.94
Anti-centromere antibody positive (%) 23 of 57 (40.4) 2 of 8(25.0) 047
BMI<18.5 kg/m2 (%) 35(23.2) 6(35.3) 0.28
Clinical characteristics of SSc

Raynaud’s phenomenon (%) 69 (45.7) 9(52.9) 057
Digital ulcer (%) 28 (18.5) 4(23.5) 0.62
Telangiectasia (%) 43 (28.5) 9 (529 0.04*
Calcinosis cutis (%) 6 (4.0) 1(5.9) 0.71
Salt and pepper skin (%) 60 (39.7) 5(294) 041
Edematous skin (%) 8 (5.3) 2(11.8) 0.29
Tendon friction rub (%) 20(13.3) 2(11.8) 0.86
Hand deformity (%) 65 (43.1) 7(41.2) 0.88
Synovitis (%) 13 (8.6) 0 0.21
Muscle weakness (%) 7 (4.6) 0 0.36
Esophageal involvement (%) 77 (60.0) 11(64.7) 0.28
Stomach involvement (%) 9(12.6) 4(23.5) 0.21
Intestinal involvement (%) 3(8.6) 1(5.9) 0.70
Interstitial lung disease (%) 7(51.0) 8(47.1) 0.76
Pulmonary arterial hypertension (%) 5(9.9) 1(5.9 0.59
Renal crisis (%) 2 (1 3) 0 0.63
mRSS > 20 (%) 20(13.3) 2(11.8) 0.86
Treatment

Prednisolone (%) 84 (55.7) 8(47.1) 0.77
Low dose (%) 36 (23.8) 3(17.7)

Moderate dose (%) 48 (31.8) 5(294)

High dose (%) 0 0

Immunosuppressant (%) 45 (29.8) 5(294) 0.96
Methotrexate (%) 12 (7.9) 2(11.8

Cyclophosphamide (%) 24 (15.9) 3(17.7)

Mycophenolate mofetil (%) 8 (5.3) 0

Azathioprine (%) 1(07) 0

TB tuberculosis; dcSSc diffuse cutaneous systemic sclerosis; SD standard deviation; mRSS modified Rodnan skin score; IQR interquartile range

Overall, 49 patients received immunosuppressants, of
whom 9 had TB infections.

Discussion

The TST is not a routine investigation for TB infection;
however, it is helpful for the identification of remote or
occult TB infection, particularly in persons at risk of
tuberculosis infection (i.e., those who need immuno-
suppressant therapy or have a history of close contact
with persons with TB). TB infection is an infection that

has been detected in SSc patients [11, 12]. The diagno-
sis of pulmonary tuberculosis infection is difficult in SSc
patients with previous chest symptoms related to their
underlying SSc disease. Our study reported the possible
role of the TST for TB infection detection in SSc, which
skin thickness might limit TST evaluation.

The respective sensitivity and specificity of the results
depends on the community area, history of BCG vaccina-
tion, and host. The specificity is high in persons who have
not had the BCG vaccination (97%; 95%CI 95-99) [13].
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Table 3 Sensitivity and specificity of the tuberculin skin test for
diagnosing a tuberculosis infection

Cut-off indurated
reaction size by TST

>5mm >10mm >15mm >20mm

Sensitivity 17.6% 5.9% 5.9% 5.9%
Specificity 87.4% 94.7% 974% 99.3%
ROC area 053 0.50 0.52 053
Positive likelihood ratio 1.40 1.1 222 8.88
Negative likelihood ratio  0.94 0.99 0.97 0.95
Positive predictive value  13.6% 11.1% 20.0% 50.0%
Negative predictive value 90.4% 89.9% 90.2% 90.4%

TST tuberculin skin test, mm millimeters, ROC Receiver operating characteristic

Sensitivity
0.50

0.25
1

0.00

T T T
0.00 0.25 0.50 0.75 1.00
1 - Specificity

Fig. 2 ROC of the TST for diagnosing TB infection

Jamil et al. reported the respective sensitivity and speci-
ficity—with a cut-off of > 10 mm—for active pulmonary
TB in persons having had a BCG vaccination was 86%
and 74% versus 77% and 74% in persons with extrapul-
monary TB [14]. Yaacob et al. reported a respective sen-
sitivity and specificity of the TST for active pulmonary
TB of 86% and 90% [15]. A positive TST is not necessar-
ily due to active TB but can simply indicate exposure to
Mycobacterium infection as the test cannot differentiate
between a latent and an active TB infection.

According to our analysis, the TST is not sufficiently
sensitive for detecting TB infection in SSc patients.
Eighty percent of the SSc patients had a TST skin reac-
tion size of <5 mm despite having a previous history of
infection or recent TB. The sensitivity of the TST in our
study was lower than in previous studies;>® this may be
due to the specific SSc population and the difference in
the prevalence of TB infection in the general population
of other countries. Most of the previous studies repre-
sented general populations suspected of having TB infec-
tion, where the prevalence of TB infection was 18—24%.
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Our study population comprised SSc patients with a
prevalence of TB of 10%, which is lower than in previous
reports. The severity of skin thickness negatively corre-
lated with indurated skin reaction in our SSc patients,
so the skin reaction for the TST for TB infection in SSc
patients was not apparent as presumed. The severity of
the skin thickness can be a factor that affects the sensitiv-
ity of the TST. According to the results, we do not recom-
mend using the TST as a screening tool for diagnosing
TB infection among patients with SSc. The sensitivity of
other test methods (i.e., IGRA) should be investigated as
a screening tool for diagnosing TB infection.

False positives and negatives are limitations of the TST.
A false positive can occur in persons who have had the
BCG vaccination and/or are infected with a non-tuber-
culosis mycobacterium [16]. Meanwhile, false negatives
have been reported in children, the elderly, persons with
severe hypoalbuminemia, disseminated TB, and per-
sons with HIV [16, 17]. A meta-analysis by Wang et al.
included 26 published articles on the TST and revealed
that a previous BCG vaccination was associated with a
positive result (Relative risk 2.12, 95%CI 1.50-3.00) com-
pared to persons without a BCG vaccination [18]. The
effect of BCG on the TST is reported to be no greater
than 10-15 years after vaccination, so false positives are
uncommon in communities with a low prevalence of
TB infection [19]. Skin indurations of >15 mm are more
likely to indicate a TB infection (remote, recent, or active
TB infection) than a BCG vaccination [18, 20]. In general,
an indurated skin reaction size of >10 mm is considered
TST-positive in children and adults; however, a reaction
size of < 10 mm does not exclude TB [21].

Our findings reveal that a TST skin reaction size
of >15 mm is suggestive of a TB infection (specificity
97.4%). Notably, the sensitivity was low (around 6%), and
around 3% (4 from 151 cases) of patients with no his-
tory of TB contact and/or no TB infection also had a skin
reaction size of > 15 mm. The false-positive TST among
those with no history of TB contact and/or with no TB
infection might be explained by the effect of the BCG
vaccination, but we did not have a TST comparison with
a control of ‘no BCG vaccination. Since all of our SSc
patients received a BCG vaccination at birth—in com-
pliance with the national immunization program—our
interpretations are limited to SSc patients who had had a
BCG vaccination.

Extensive skin thickness—evaluated using the mRSS—
affected the TST indurated skin reaction. The majority of
our SSc patients were the dcSSc subtype, and our study
demonstrated that a high mRSS was negatively corre-
lated with the indurated reaction size to the TST (Rho
-0.23, p=0.003). The mRSS at the right forearm, where
TST was performed, did not significantly influence the
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outcome of the TST skin reaction size. The skin reaction
size according to the TST would not be due to local skin
thickness but to the overall severity of the disease.

The skin reaction to the TST is a cell-mediated delayed
hypersensitivity (Type IV) reaction mediated by skin
macrophages, monocytes, and T cells. T cells—sensitized
by a previous TB infection—move to the skin test site
and release lymphokines. T cells— particularly CD4+T
cells—play a role in the reaction. The study of TST in
adults infected with HIV revealed that the patients who
were TST-positive had higher CD4+T cell counts than
those who were negative [22]. CD4+T cells also take
part in the pathogenesis of SSc. Activated CD4+ T cells
have been reported in the skin, lung, and stomach in SSc
patients, and the cells express pathogenic cytokines in
both serum and tissue of SSc patients [23, 24].

Despite CD4+ T cells being detected in the skin of SSc
patients, the skin reaction to the TST was not as pro-
nounced as expected, particularly in patients who had
extensive skin thickness. Therefore, the finding presumes
that CD4+ T cells in the skin of SSc patients will respond
to some antigen in the skin and cannot move or release
the lymphokines related to a TB infection. Nevertheless,
the role of CD4+T cells in the mechanism of cell-medi-
ated delayed hypersensitivity in SSc remains unclear.
Therefore, further research is needed to test the hypoth-
esis and study the sensitivity of TST among patients with
the 1cSSc subset and those who have less skin thickness.

Current steroid use did not influence our SSc patients’
skin reaction size after the TST. We know that steroids
can suppress the TST reaction [25], and the reaction
size is negatively associated with a higher dose of steroid
treatment [26]. Another study found that low-dose ster-
oid treatment did not influence the skin reaction size of
the TST among patients with rheumatoid arthritis [27].
Most of our patients received a low to moderate dose of
steroid because we wanted to avoid a steroid-induced
renal crisis; this might explain why steroid did not affect
skin reaction size to the TST in SSc patients. We con-
clude that low-dose steroid did not influence TST reac-
tion size in SSc patients as it does in rheumatoid arthritis
patients. This result gave us confidence in interpreting
the TST in SSc patients receiving low-dose steroid during
the evaluation. Owing to the unavailability of data on the
cumulative dose and the duration of steroid treatment,
we cannot comment on their respective contribution to
the effect on the TST in SSc patients.

There is currently no test established for the definite
diagnosis of occult or latent TB infection. The TST,
however, can demonstrate whether or not there is an
immune reaction response to a previous mycobacte-
rium exposure. The cut-off skin reaction size for the
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TST for diagnosis of latent TB infection has been clas-
sified according to the risk of exposure and the risk of
developing active TB based on the WHO guidelines
[28]. Since—by our analysis—skin thickness affects
the skin reaction size of the TST, the skin reaction size
among SSc patients might not be interpreted as in the
general population or even according to the WHO
guidelines. Even though some patients had a history of
TB contact, we cannot determine the cut-off skin reac-
tion size, the sensitivity, or specificity for diagnosing
latent TB infection among SSc patients.

Interferon-gamma assay (IGRA) is another screen-
ing tool for diagnosing both latent [29] and active TB
infection [30]. Although a study showed the concord-
ance between TST and IGRA results [31], the accuracy
of TB infection tests trended to improve when using
IGRA (i.e., there was a low rate of false positives) [16,
32]. IGRA is more reliable than the TST in cases of
BCG vaccination because a BCG vaccination does not
confound the IGRA [31]. In addition, the cross-reac-
tivity with non-tuberculosis Mycobacterium infection
is low with the IGRA test [16]. Notwithstanding, there
is limited data on IGRA testing in various settings and
populations, so the results must be interpreted in con-
currence with clinical, radiography, and risk assessment
[32]. Moreover, the IGRA is much more expensive than
the TST and is available at only a few centers, while the
TST is widely available.

The current study had some limitations: (a) the low
prevalence of TB infection in patients with SSc, which
would affect the sensitivity of the test; (b) the absence
of patients without BCG vaccination, so the sensitivity
and specificity of the TST in such patients could not be
determined; (¢) the lack of a comparison of the sensitiv-
ity and specificity of the TST among SSc patients with/
without the BCG vaccination; (d) we cannot provide the
TST reaction after boosting in patients who received
immunosuppressants due to a shortage of tuberculin
and the crossectional study design; and, (e) because
of financial limitations, none of our patients received
biological DMARDs, so we cannot conclude whether
biological DMARDs affect TST reaction. The strengths
of our study were (a) the use of the TST, which is a
widely available, feasible, and practical tool for diagnos-
ing TB infection in resource-limited areas, making the
results of value to daily practice; and, (b) the inclusion
of parameters of interest, particularly local skin thick-
ness where the TST would be injected. The severity of
skin thickness and current steroid/immunosuppressant
therapy can influence the TST skin size reaction in SSc.
The findings of our study are valuable for evaluating TB
infection among SSc patients and for planning future
studies.
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Conclusion

The TST is not sensitive for the detection of tubercu-
losis infection in SSc. A skin induration of >15 mm
indicated a high specificity for tuberculosis infection.
As thickness determined by the mRSS, high skin thick-
ness resulted in a smaller skin reaction size when using
the TST. The TST is thus less useful for diagnosing
tuberculosis among SSc patients, especially those with
severe skin thickness.
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