
Abstract 

B-cell immunity and immunoglobulins are less commonly
affected in sarcoidosis. We aimed to evaluate immune status in
sarcoidosis patients. Retrospective chart review of sarcoidosis
patients attending a out-patient clinic over 3 months period.
Immunoglobulins levels were recorded (A, M, G, E) along with
clinical and serological data. They were divided in Group A (nor-
mal IgG), Group B (increased IgG), Group C (decreased IgG) and
Group D (decreased IgG and IgM and/or IgA). Of 50 subjects,
68% were females and 62% of Caucasian origin. 22 (44%) had
normal IgG levels, 16 (32%) had increased IgG levels, 10 (20%)
had hypogammaglobulinemia and 2 (4%) had combined
hypogammaglobulinemia, diagnosed with combined sarcoidosis
and common variable immunodeficiency. Decreased IgA values
was found in Groups C and D. IgE was high in Group B. Globulin
was increased in Group B and decreased in Groups C and D.

Decreased neutrophils were found in Group D (all statistically sig-
nificant). Correlation analysis showed significant association of
angiotensin converting enzyme with IgA and IgM, inverse corre-
lation of IgG with white blood cells and neutrophils, of IgA with
globulin and inverse with albumin and of calcium with albumin.
Most sarcoidosis patients have normal or increased immunoglob-
ulin levels, that correlate with serum biomarkers of disease activ-
ity. Hypogammaglobulinemia may reflect treatment side effects
and accompanied by blood leukocytosis. Combined severe
immunodeficiency occurs in sarcoidosis.

Introduction

Sarcoidosis is a multi-system disease of unknown origin char-
acterized by granulomatous inflammation. Sarcoid granulomas
are non-caseating and consist of macrophages, epithelioid cells,
multi-nucleated giant cells and T-lymphocytes. It is believed that
certain antigen(s) through antigen presenting cells activate T-lym-
phocytes to an oligoclonal mainly CD4 Thelper-1 expansion (but
also Th-2 and Th-17) that via IFN-γ and other cytokines lead to
granuloma formation [1]. 

B-cells are less activated, and immunoglobulins (Ig’s) in sar-
coidosis are commonly found normal or, less commonly, elevated
[2]. Decrease of immunoglobulins is thus not a characteristic of
sarcoidosis; there are reports however of sarcoidosis co-incidence
with common variable immunodeficiency (CVID) [3,4]. We
sought to investigate immune status in our sarcoidosis patients, in
particular the incidence of hypogammaglobulinemia. We further
examined Ig’s status in relation to white blood cells and various
serum proteins. 

Materials and Methods

This was a retrospective chart review of sarcoidosis patients
attending outpatient sarcoidosis clinic at University of Southern
California University Hospital from September 2013 until
December 2013. The study was approved by the ethics committee
of USC-UH. Charts were reviewed by the investigators and they
recorded Igs (G, A, M, E), angiotensin converting enzyme (ACE),
globulins, albumin, white blood cell counts and differential, calci-
um and treatment regimens. Inclusion criteria was a diagnosis of
sarcoidosis according to established guidelines (compatible with
sarcoidosis clinical presentation, demonstration of non-caseating
granuloma on tissue biopsy and exclusion of other diagnoses) [5].
Exclusion criteria were a diagnosis of primary hypogammaglobu-
linemia, protein-losing enteropathies and causes of secondary
hypogammaglobulinemia (thymoma, hematological malignan-
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cies, systemic illnesses). Among 50 sarcoidosis subjects recruited,
according to Scadding’s radiology staging system, 3 (6%) were
stage 0, 10 (20%) were stage I, 18 (36%) were stage II, 13 (26%)
were stage III and 6 (12%) were stage IV.

Definition of immunoglobulins

Quantification of IgG, IgA, IgM and IgE was accomplished
with nephelometry. IgG normal range was 768-1632 mg/dL, IgA
68-378 mg/dL, IgM 60-263 mg/dL and IgE <100 mg/dL. Based on
Ig’s values, accounting primarily for IgG, we sub-classified sar-
coidosis subjects in 4 groups: A, with normal IgG levels, B, with
elevated IgG levels (hypergammaglobulinemia), C, with decreased
IgG levels (hypogammaglobulinemia), and D with decreased IgG
levels +decrease in IgA and/or IgM (possible CVID).

Diagnosis of CVID requires low serum IgG total concentration
along with low serum IgA and/or IgM, poor response to immuniza-
tion and exclusion of other immunodeficiency diseases [6]. 

Statistical analysis

Parameters between these sub-groups were evaluated with
non-parametric two-tailed ANOVA test (Kruskall-Wallis).
GraphPadPrism 8.3.1 software was used.

Results 

Among 50 study subjects included in the study, 34 (68%) were
females. Race distribution follows: 31 patients were Caucasians,

14 African-Americans, 4 Hispanics and 1 Asian. 22 patients were
classified as Group A, 16 at Group B, 10 at Group C, 2 at Group D
(Table 1). 30/50 patients (60%) were on treatment mainly with cor-
ticosteroids. Among them, 15 were from Group A, 9 from Group B
and 6 from Group C.

Decreased IgA was found in Groups C and D. IgE was high in
Group B. As expected, globulin was increased in Group B and
decreased in Groups C and D. Relatively decreased neutrophils were
found in Group D and increased in C (all statistically significant).

Correlation analysis in the total study subjects showed signifi-
cant association of ACE with IgA and IgM, inverse correlation of
IgG with white blood cells and neutrophils, correlation of IgA with
globulin and inversely with albumin and, correlation of calcium
with albumin.

Discussion

As assessed by immunoglobulins, among our sarcoidosis
cases, 44% had normal immune status, 32% had hypergammaglob-
ulinemia and 24% had hypogammaglobulinemia (Groups C and D
combined). In this last group, 4% of total study group possibly ful-
fill criteria for a diagnosis of CVID.

Hypergammaglobulinemia is reported to occur in 30-80% of
sarcoidosis patients, a finding of our study as well. Interestingly,
these immune-stimulated patients exhibited increased other
immunoglobulins (specifically IgE) and also increased serum ACE
correlating with immunoglobulins A and M. This is a novel find-
ing. ACE is a glycoprotein produced by different tissues and its
serum concentrations may reflect monocyte-macrophage system
activity [7]. ACE activity is elevated in lungs of sarcoidosis
patients, secondary to the macrophage alveolitis and enhanced
expression of epithelial cells [8]. Since there is a limited B-cell
expansion in sarcoidosis, it is possible that disease activity corre-
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Table 1. Demographic, immunoglobulins and blood characteristics of study subjects.

Totaln=50                                  Group A (n=22)           Group B (n=16)            Group C (n=10)             Group D (n=2)                     p value

Age (years)                                                        48±11                                       51±10                                        52±10                                       76±16                                           ns
Females                                                                  15                                               9                                                 9                                                 1                                                ns
Race
Caucasian                                                            13                                               9                                                 8                                                 1                                                ns
AA                                                                           7                                                5                                                 1                                                 1
Hispanic                                                               1                                                2                                                 1
Asian                                                                     1

ACE IU/lt                                                             58±33                                       58±48                                        46±18                                       39±22                                           ns
IgG mg/dL                                                        1180±214                                1634±562                                    653±83                                     580±67                                       <0.01
IgA mg/dL                                                          288±134                                  452±293                                     142±48                                    181±153                                      <0.01
IgM mg/dL                                                         110±87                                    120±80                                      107±36                                      45±17                                           ns
IgE mg/dl                                                             14±14                                    339±684                                      19±17                                        13±5                                         <0.01
Calcium mg/dL                                                  9.3±0.4                                     9.4±0.2                                      9.1±0.3                                     9.2±0.2                                          ns
Globulin mg/dL                                                 3.2±0.4                                     3.7±0.6                                      2.6±0.3                                     2.7±0.3                                       <0.01
Albumin mg/dL                                                 3.9±0.3                                     3.8±0.5                                      4.1±0.3                                     3.5±0.3                                          ns
White blood cells / L                                    6184±1659                              7145±2778                               9129±2530                               6500±1230                                       ns
Neutrophils / L                                              3923±1065                              4622±1971                               7122±2618                               3250±1550                                      0.02
Lymphocytes / L                                             1544±669                                1181±386                                  1276±554                                 1690±430                                        ns
Eosinophils / L                                                155±189                                  190±154                                     82±126                                    650±135                                         ns
ns, not significant. 
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lates with hyper-immunity translated ultimately in increased
immunoglobulin levels.

On the other hand, hypogammaglobulinemia raises the suspi-
cion for CVID and in general has to be investigated. Cases of sar-
coidosis-CVID coexistence are reported in the literature. CVID
may also be misdiagnosed as sarcoidosis, particularly when pul-
monary disease manifests in the form of granulomatous-lympho-
cytic interstitial lung disease (GL-ILD) [9]. We chose to separate
Groups C and D. Cases of hypogammaglobulinemia without any
other immunoglobulin deficiency (Group C), may be considered,
to our view, as secondary to corticosteroids hypogammaglobuline-
mia [10]. In our study, all subjects of Group C were on corticos-
teroids, either at the time of study or had stopped them the last 6
months. In particular, such secondary effect of corticosteroids is
reported to affect mainly IgA and not IgM, exactly the same with
our Group C cases. 

When hypogammaglobulinemia is accompanied by one more
immunoglobulin deficiency, then a diagnosis of CVID is very like-
ly. We found two such cases (Group D). Interestingly none of them
was on corticosteroids. We consider sarcoidosis with late CVID
diagnosis in these two cases. 

A novel finding, to our knowledge, is the inverse association of
IgG with white blood cells and neutrophils. Increased neutrophils
in Group C may be related to treatment with corticosteroids.
Moreover, neutrophils were decreased in Group D of sarcoidosis
and CVID, though in a very limited number of patients (n=2). The
former has been reported in patients with hematologic malignan-
cies. Functional studies may clarify better this association of glob-
ulins and hematologic phenotypes.

The majority of our study subjects had pulmonary sarcoidosis
(stages II, III and IV). Cluster studies have previously shown that
pulmonary involvement is associated with chronic disease, older
age, increased likelihood of immunosuppressive treatment and
systemic features like hepato-splenic involvement [11,12]. To what
extent specific phenotypes (especially the latter) affect immunity
needs further investigation. 

Immunoglobulins studies in sarcoidosis are lacking. We pre-
sented here an analysis of 50 patients, adding hematological profile
data. More sophisticated studies using peripheral blood monocytes
and IgG subclasses could further elucidate this heterogeneity in
sarcoidosis patients. 

Conclusions

Most of sarcoidosis patients have normal or increased
immunoglobulin levels, that may correlate with other serum bio-
markers of disease activity. Hypogammaglobulinemia is frequent,
may reflect treatment side effects and accompanied by blood

leukocytosis. Combined severe immunodeficiency occurs in sar-
coidosis or even masquerades sarcoidosis. Immunological status
varies among sarcoidosis patients and may have significant treat-
ment implications.
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