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Can tissue elemental analysis be used to
differentiate sarcoidosis and tuberculous
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ABSTRACT

Can tissue elemental analysis be used to differentiate sarcoidosis and
tuberculous lymphadenitis?

Introduction: Sarcoidosis and tuberculous lymphadenitis are granulomatous
Akdemir £, Demirci E, Aydin ¥, et al. Can tissue elemental m‘flammatory diseases. Qlfferen{latmg lymph node involvement in these twg
analysis be used to differentiate sarcoidosis and tubercu- diseases can be challenging. This study evaluated whether elemental analysis
lous lymphadenitis? Tuberk Toraks 2020;68(2):126-134. of tissue samples could facilitate the differentiation of these histopathologi-
cally and clinically similar diseases.

Materials and Methods: A total of 152 tissue samples were included: 57 case-
et ating granulomatous inflammation, 58 non-caseating granulomatous inflam-
Dr. Omer ARAZ mation, and 37 reactive lymph node specimens. The tissue samples were
Atatiirk Universitesi Tip Fakiiltesi, analyzed for calcium, magnesium, iron, copper, zinc, chrome, molybdenum,
Gogiis Hastaliklan Anabilim Dali, nickel and selenium with inductively coupled plasma-optical emission spect-
ERZURUM - TURKIYE roscopy (ICP-OES).

e-mail: dromeraraz@gmail.com Results: Comparison of element levels in the three groups revealed that case-

ating granulomatous inflammation had higher calcium content (662.6 + 4.6
©Copyright 2020 by Tuberculosis and Thorax. ppm, p< 0.00.1) and lower iron content (48..7 + 83 ppm, p< 0.001) §ompared
Available on-line at www.tuberktoraks.org.com to non-caseating granulomatous inflammation. Compared to reactive lymph
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tissue, caseating granulomatous inflammation had higher calcium and lower iron and magnesium content while non-caseating gra-
nulomatous inflammation had higher levels of iron and lower magnesium; however, these differences were not statistically significant.
In caseating granulomatous inflammation, a calcium cut-off value of 207 ppm yielded 85% specificity and 63% sensitivity. For iron,
a cut-off value of 51 ppm had 74% specificity and 58 % sensitivity.

Conclusion: High calcium and low iron levels in lymph tissue may be suggestive of caseating granulomatous inflammation and tuber-
culosis. In cases where differentiating between sarcoidosis and tuberculous lymphadenitis is difficult, performing tissue elemental
analysis may provide additional supportive evidence for differential diagnosis.
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0z
Sarkoidoz ve tiiberkiiloz lenfadenit ayriminda doku element analizi kullamlabilir mi?

Giris: Sarkoidoz ve tuberkiloz lenfadenit, graniilomat6z inflamasyon olusturan hastaliklardir. Bu iki hastaligin lenf bezi tutulumunun
ayrimi bazi durumlarda gtic olmaktadir. Bu calisma, histopatolojik ve klinik olarak ayirici tanisinda gticlitk yasayabildigimiz bu hasta-
liklarda alinan doku érneklerinde ¢alisilan elementlerin hastaliklarin ayrimina katkida bulunup bulunmayacagini tespit etmek amaciy-
la yapilmustir.

Materyal ve Metod: Calismaya 152 olgu alindi. Olgularin 57'si kazeifiye graniilomatéz inflamasyon, 58’i non-kazeifiye graniilomatéz
inflamasyon, 37°si ise reaktif lenf bezi doku érneklerinden olusmaktaydi. Dokularda “inductively coupled plasma-optical emission
spectroscopy (ICP-OES)” yontemiyle kalsiyum, magnezyum, demir, bakir, cinko, krom, molibden, nikel ve selenyum elementlerinin
analizi yapild.

Bulgular: Uc grup elde edilen elementlerin miktarlari karsilastinldiginda; kazeifiye graniilomatéz inflamasyon ile non-kazeifiye granii-
lomat6z inflamasyon karsilastirildiginda kazeifiye graniilomatéz inflamasyonda kalsiyum yiiksek (662.6 + 4.6 ppm, p< 0.001) ve
demir miktari diigiik (48.7 + 83 ppm, p< 0.001) idi. Kazeifiye granilomatéz inflamasyon ile reaktif lenf dokusu karsilastirildiginda
kalsiyum yiiksek, demir ve magnezyum dustk idi, non-kazeifiye grantilomat6z inflamasyon ile reaktif lenf dokusu karsilastirildiginda
demir miktari yiiksek, magnezyum miktar dtsik idi ancak her iki karsilastirmada istatistiksel olarak anlamli fark yoktu. Kazeifiye
graniilomatéz inflamasyon da kalsiyumun 207 ppm “cutt-of” degeri icin 6zgiilligi %85, duyarliligi %63 idi. Yine demir elementinin
51 ppm “cutt-of” degeri icin 6zgilligi %74, duyarlihgr %58 idi.

Sonugc: Lenf bezi dokusunda kalsiyum ytiksekligi ve demir distikligi kazeifiye grantilomatéz inflamasyon, tiberkiloz, lehine yorum-
lanabilir. Sarkoidoz ve tiberkiloz lenf bezi tutulumunun ayriminda gicliik cekilen durumlarda, doku element analizinin yapilmasi
hastalik ayriminda ek destekleyici bulgu verebilir.

Anahtar kelimeler: Sarkoidoz; tiberkiiloz; element; kalsiyum; demir

INTRODUCTION osis, but studies have been unable to demonstrate a

Tuberculosis is a potentially fatal disease that is com- definitive relationship (4-6).

mon worldwide. Tuberculosis can affect every system
of the body, including the lymph system (1). Lymph
node involvement may be mistaken for other diseases
that can cause granulomatous reactions, especially
sarcoidosis (2).

Although the etiology of tuberculosis is known, the
etiology of sarcoidosis remains unclear. Various envi-
ronmental, genetic, and host factors have been iden-
tified, but none are specific to sarcoidosis. It is
believed to develop as the result of numerous poten-
tial factors (3). Elements have been implicated in the
clinical course and etiology of both tuberculosis and
sarcoidosis. Elements such as cobalt, copper, zinc,
selenium, iron, and calcium are reported to play a
role in the clinical course of tuberculosis; beryllium,
zirconium, nickel, chromium, and synthetic mineral
fibers have been implicated in the etiology of sarcoid-

In some cases, lymph node involvement in tubercu-
losis and sarcoidosis cannot be clearly distinguished
based on tissue samples, which makes it difficult to
initiate treatment. Our objective in the present study
was to determine whether elemental analysis of tissue
specimens acquired from patients with histopatho-
logically ambiguous lymph node involvement could
facilitate the differentiation of tuberculosis and sar-
coidosis.

MATERIALS and METHODS

A total of 200 patients who admitted to our center
were evaluated. In this retrospective study, 152
patients underwent mediastinoscopy with endobron-
chial ultrasound (EBUS) and lymph node biopsy.
Fifty-seven caseating granulomatous inflammation,
58 non-caseating granulomatous inflammation, and
37 reactive lymphoid tissue samples were obtained
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from the patients during follow-up and treatment
between 2012 and 2017. Patients with active involve-
ment in the lung parenchyma, diagnosis of granulo-
matous inflammation, and those with indefinite
diagnosis due to conflicting findings during follow-up
were excluded.

Tissue Sample Preparation

Biopsy specimens were embedded in paraffin blocks
and tissue samples were dried in an incubator at 80°C
for 24 hours. The dried samples weighed approximate-
ly 0.5 g. Containers were cleaned and prepared by
heating 5 mL of HNO, in a microwave oven. The dried
tissue samples were placed into the pressurized micro-
wave containers and 3 mL of 30% H,O, and 2 mL of
65% HNO, were added sequentially (Figure 1).

After solubilizing the samples in the microwave
oven, the containers were cooled at room tempera-

ture for 30 minutes. The solutions were filtered
through 125 mm diameter Whatman Grade 42 filter
paper into 25 mL volumetric flasks. Distilled/deion-
ized water was added to create a final volume of 25
mL, which was then divided evenly into two 14 mL
tubes.

Elemental analysis was performed on the solubilized
tissue samples using an inductively coupled plas-
ma-optical emission spectroscopy (ICP-OES) instru-
ment (Optima 2100 DV ICP/OES, Perkin-Elmer,
Shelton, CT, USA) (Figure 2).

Inductively Coupled Plasma-Optical Emission

Spectroscopy Analyzer

The working principle of the device is that it uses
high-temperature plasma to atomize the elements
present in solubilized samples, then measures the
light emissions of the elements to determine their

Figure 1. Acid is added to the tissue samples and placed in microwave oven.
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Figure 2. Sample analysis with the ICP-OES instrument.

concentrations in the solution. The advantages of
ICP-OES are that it provides highly accurate, precise,
and sensitive analytical results, it can assess low con-
centrations, and the device is easy to use (7).

Elemental Analysis

Nine elements were analyzed using the ICP-OES
instrument: calcium (Ca), magnesium (Mg), iron (Fe),
copper (Cu), zinc (Zn), chromium (Cr), molybdenum
(Mo), nickel (Ni), and selenium (Se). Total element
content was calculated after the analysis.

Calculation of ICP-OES Results

Concentrations expressed in mg/L by the ICP-OES
instrument were converted to mg/kg [parts per mil-
lion (ppm)] using the following formula:

V x C/m= ppm (mg/kg)

V= Sample volume (mL), C= Sample concentration
measured by the instrument (mg/L), m= Initial mass
of the solid sample (g)

The study was designed in accordance with the ethi-
cal guidelines of the Declaration of Helsinki, and the
study protocol was approved by the local ethics com-
mittee of the Atatiirk University School of Medicine
(B.30.2.ATA.0.01.00/129).

Statistical Analysis

The data were analyzed using SPSS version 18 (SPSS
Inc., Chicago, IL, USA). Independent samples t-test
was used to compare elemental content between
groups. P values < 0.05 were considered statistically
significant.
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RESULTS

A total of 152 patients were included. Of these, 57
were male and 95 were female, with a mean age of
453 = 17.8 (range 18-80 years). Twenty three
patients were smokers and the mean pack-year value
was 24.5 + 14.1. The pathology specimens obtained
from the patients were separated into three groups:
57 caseating granulomatous inflammation, 58
non-caseating granulomatous inflammation, and 37
reactive lymph node specimens. The demographic
characteristics of the groups are shown in Table 1.

Groups were compared in terms of element content.
Compared to non-caseating granulomatous inflam-
mation, caseating granulomatous inflammation had
significantly higher calcium content (662.6 + 4.6
ppm, p< 0.001) and lower iron content (48.7 + 83
ppm, p< 0.001). Compared to reactive lymph tissue,
caseating granulomatous inflammation showed high-
er calcium and lower iron and magnesium content,
while non-caseating granulomatous inflammation
had higher levels of iron and lower magnesium.
However, these differences were not statistically sig-

nificant. The element content of specimens in the
groups is presented in Table 2.

In caseating granulomatous inflammation, calcium
had 85% specificity and 63% sensitivity at a cut-off
value of 207 ppm. For iron, a cut-off value of 51 ppm
had 74% specificity and 58% sensitivity. The receiver
operating characteristic (ROC) curves for calcium
and iron are shown in Figures 3 and 4.

DISCUSSION

The main finding of this study is that tissue from
patients diagnosed histopathologically with caseat-
ing granulomatous lymphadenitis had higher calci-
um content and lower iron content when compared
with specimens from patients with non-caseating
granulomatous lymphadenitis and reactive lymph
nodes.

In addition to amino acids, glucose, fatty acids, and
vitamins, elements are necessary for cell replication
and differentiation. Trace elements such as iron, zinc,
copper, selenium, molybdenum, manganese, chro-
mium, cobalt, and iodine are essential for health and

Table 1. Demographic characteristics of the groups

Caseating granulomas Non-caseating granulomas Reactive lymphadenopathy
(n=57) (n=58) (n=37)
Age/year 46.1 £18.3 394159 53.3+£16.9
Gender (female/male) 39/18 42/16 14/23
Smoking 7 3 13

Table 2. Element levels in the tissue sample groups

Elements Caseating Non-caseating Reactive

(ppm) granulomas granulomas lymphadenopathy P
Calcium 662.6 + 4.6 205 + 1.1 183 + 1.2 < 0.001*
Magnesium 123.9 + 83 107.4 £ 75 180.5 = 1.4 NS
Iron 48.7 +30.4 83 +53.2 81 +97.1 < 0.001*
Copper 23.4+£219 19 +£17 22.8+23.6 NS
Zinc 1+0.83 1+0.8 099 +1.2 NS
Molybdenum 6.2 8.6 4.4 +4.56 41x5 NS
Nickel 5.2 + 4.1 4.7 +2.8 42+29 NS
Chromium 1.9 +2.0 1.7 +2 1.6+1.6 NS
Selenium 263 +19.2 27.9 +20.6 25.6 +18.9 NS

* The statistically significance was detected between caseating and noncaseating granulomas group.

NS: Non-significant.
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Figure 3. Receiver operating characteristic (ROC) curve of cal-
cium in caseating granulomatous inflammation.
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Figure 4. Receiver operating characteristic (ROC) curve of iron
in caseating granulomatous inflammation.

should be consumed in the recommended quantities.
Without these essential elements, organisms are
unable to develop and reproduce normally. Essential
elements are necessary for proper bone and blood
composition, the maintenance of normal cellular
functions, cognitive and physical development, mus-
cle and nerve function, fluid and electrolyte balance,
and the normal function of enzymes, hormones, and
vitamins. These elements also have roles in other

biological functions such as oxygen delivery and free
radical deactivation (8).

Elements that have been associated with many dis-
eases or disorders in humans are known to be influ-
ential in tuberculosis and sarcoidosis. Studies have
shown that some tuberculosis patients have malnutri-
tion. Secondary to malnutrition is insufficient intake
of trace elements which are vital for development
and defense, and which play a role in some diseases.
Of these elements, copper, calcium, and iron are
essential for immune system function. However, cal-
cium and iron are also necessary for the vitality of
Mycobacterium tuberculosis. There is also evidence
regarding the effect of elements such as cobalt, zinc,
and selenium on the disease (9-12).

Although the etiology of sarcoidosis has not been
fully elucidated, it is known to be associated with
environmental and occupational factors; risk is espe-
cially high among individuals who work in agricul-
ture, use construction and gardening equipment, and
are exposed to wood or organic particulate matter.
Other occupational and environmental risk factors
for sarcoidosis include exposure to metal dust and
smoke, mold odor, microbial-rich environments, and
smoking (13,14). There are also a few case reports
and small series in the field of cosmetics reporting
sarcoid reactions associated with pigments contain-
ing metallic elements (15). Another study examining
the relationship between the elements and sarcoid-
osis found that amounts of nickel, chromium, cobalt,
zinc, copper, and selenium differed between sarcoid-
osis patients and controls (16).

Although it can be difficult to clinically and histo-
pathologically distinguish between lymph system
involvement of tuberculosis and sarcoidosis, there
are well established relationships between these two
diseases and elements. We conducted this study to
evaluate whether elemental analysis could facilitate
this differentiation, and our analysis of calcium, mag-
nesium, iron, copper, zinc, chrome, molybdenum,
nickel and selenium in patients with clinical/histo-
pathologic diagnoses of tuberculosis, sarcoidosis,
and reactive lymph node revealed that tuberculosis
patients had significantly different levels of calcium
and iron.

Calcium, which is one of the main metals found in
the body, was detected in significantly greater
amounts in caseating granulomatous tissue speci-
mens. lts key role in the musculoskeletal and nervous
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systems is well known. At the same time, calcium
plays an important role in the formation of the proin-
flammatory response. Calcium and vitamin D act in
the modulation of inflammatory pathways and
immune genes. In addition, calcium influences T cell
receptors and is a critical component in oxidative
stress pathways (17,18). Previous studies have shown
that calcium supplementation results in increased
oxidative burst and reduces bacterial loads. Serum
calcium level is related to vitamin D, and vitamin D
deficiency is associated with the incidence of tuber-
culosis, especially extrapulmonary manifestations
(19,20). While calcium plays an important role in
host defense against M. tuberculosis, it also enables
M. tuberculosis to survive within human macro-
phages by inhibiting sphingosine kinase (21,22). We
believe the high calcium content observed in the
tuberculous lymph nodes compared to the non-case-
ating and reactive lymph nodes in our study is a
result of the body’s defense of taking calcium into the
lymph tissue to use against M. tuberculosis.

In our study, calcium levels in non-caseating granu-
lomatous tissue were lower than in caseating tissue
One of the studies investigating the link between
sarcoidosis and calcium showed that 3.7% of newly
diagnosed patients had hypercalcemia and hypercal-
ciuria (23). A study involving histopathological exam-
ination of lymph nodes in sarcoidosis revealed calci-
um oxalate crystals in the tissues (24). In sarcoidosis,
increased calcium resulting from the enzyme activity
of calcium 1-alpha hydroxylase released from alveo-
lar macrophages and the resulting 1,25-dihydroxy
vitamin D3 production does not seem to have a sig-
nificant effect on calcium in the lymphoid cells due
to its low levels in non-caseating inflammation tissue.

I[ron is an essential element for the development of
nearly every body system. It is found in the body
mostly in complex binding proteins such as transfer-
rin, lactoferrin, and ferritin (25). This element is nec-
essary both for parasites and host body cells (26). Iron
is particularly essential for T cell function, immuno-
globulin secretion, interleukin-6 secretion, and neu-
trophil activity (27). Similarly, iron is an indispens-
able element in M. tuberculosis development.
Increased dietary iron intake has been shown to
correlate with tuberculosis morbidity and mortality.
The success of M. tuberculosis is related to its ability
to excrete toxic metals and proliferate within the host
(28-30). Iron is a component of superoxide dis-
mutases, which turn superoxide (a strong antibacteri-
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al agent) into hydrogen peroxide (a weak agent). M.
tuberculosis then converts hydrogen peroxide into
water (31). Decreased iron levels are seen in patients
with tuberculosis before initiation of treatment and
are associated with anemia in active TB (32). Iron
level increases about four months after starting anti-
tuberculosis therapy (33). In a clinical trial associa-
tion between dietary iron and tubercolosis was eval-
uated and increased risk of potent infection and
mortality among HIV-tuberculosis infected patients
was observed (34). We believe that the relatively low
iron content in the lymph nodes of patients with
tuberculosis in our study was attributable to the
amount of iron used by the M. tuberculosis in the
tissues.

Although there are many studies in the literature
regarding the relationship between tuberculosis and
iron, data concerning the relationship between sar-
coidosis and iron are limited. In elemental analysis of
tissue samples from two patients with suspected sar-
coidosis, substantial amounts of iron were detected
in one of them (35). In another case, electron micros-
copy analysis of paraffin-embedded tissue revealed
the presence of metal particles (iron oxide, titanium
oxide, aluminum oxide, and steel) in the sample (36).
In many sarcoidosis patients, inclusion bodies are
found in the giant cells within granulomas. Most of
these giant cells contain crystalline oxalate, which
chemically coordinates the iron on its surface. If this
iron is not fully coordinated and remains available
for redox cycling, oxalate may contribute to the for-
mation of granuloma in the lung. Granuloma forma-
tion and calcium oxalate deposition in the lungs are
associated with iron-mediated oxidative stress in
sarcoidosis (37). The higher iron content in the tissues
of sarcoidosis patients compared to the other tissues
suggests that iron may play a role in the etiology of
sarcoidosis through granuloma formation.

There is a paucity of data in the literature pertaining
to elemental analysis of tissue samples from caseat-
ing and non-caseating granulomatous inflammation
and to the best of our knowledge, no comparative
studies have been performed to date. For this reason,
our study is a first in this area and may help solve this
dilemma. The main limitation of our study is the lack
of M. tuberculosis culture in our patients. This was
due to the fact that we retrospectively analyzed
lymph node tissue specimens, and M. tuberculosis
culture was not done in some cases during initial
diagnosis of tuberculosis.
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CONCLUSION

Our results in this study indicate that findings of high
calcium and low iron levels in lymph tissue, espe-
cially caseating granulomatous inflammation, may
be suggestive of tuberculosis. In cases where differen-
tiating between lymph node involvement in sarcoid-
osis and tuberculosis is difficult, performing tissue
elemental analysis may facilitate differential diagno-
sis. If our findings are supported by larger studies, this
method may be applied in clinical practice.
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