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Design of A Case Control Etiologic Study of
Sarcoidosis (ACCESS)
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ABSTRACT. Sarcoidosis is a chronic granulomatous disorder of unknown cause, characterized by activation of
T-lymphocytes and macrophages. A Case Control Etiologic Study of Sarcoidosis (ACCESS) is a multicenter
study designed to determine the etiology of sarcoidosis. The study organization includes 10 Clinical Centers, a
Clinical Coordinating Center, specialized Core Laboratories, a Central Specimen Repository, and a Project
Office at the National Heart, Lung, and Blood Institute. In addition to etiology, ACCESS will examine the
socioeconomic status and clinical course of patients with sarcoidosis. We propose to enroll 720 newly diagnosed
cases of sarcoidosis and compare them to 720 age, sex, and race matched controls and follow the first 240 cases for
two years.

Leads to the etiology of sarcoidosis have come from diverse sources: in clinical laboratory investigations,
alveolitis has been found to precede granulomatous inflammation; in case control studies, familial aggregation
has been identified; and in case reports, recurrence of granulomatous inflammation has been observed after lung
transplantation. We describe the rationale for the study design based on genetic, environmental, infectious, and
immune dysregulation hypotheses and the methods used for selecting controls.

The cause may not prove to be a single, known exposure. Interactions of exposures with genetic predispositions
would have important implications for our understanding of immune responses as well as the pathogenesis of
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INTRODUCTION

Sarcoidosis is a chronic granulomatous disorder of unknown
cause that is characterized by activation of T-lymphocytes
and macrophages [1-3]. For many years, sarcoidosis was pre-
sumed to be an atypical manifestation of tuberculosis be-
cause of the similarity between the inflammatory responses
of the two diseases. However, as culture techniques became
more widely employed to diagnose tuberculosis and tubercu-
losis became less common, it became clear that sarcoidosis
was not simply a variation of tuberculosis.

When the diagnosis of sarcoidosis became more specific,
studies were performed to determine the incidence and
prognosis of the disease [4—0]. These studies provided more
information on sarcoidosis, but they provided a biased view.
Studies of the age, race, and residence of Americans with
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sarcoidosis emphasized the predominance of this disease in
African-Americans over Caucasians in the United States.
These studies also suggested that a rural background was
quite common in this disease. A sarcoid belt was defined in
the Central-Atlantic states. However, many of these obser-
vations were based on a selected population, United States
veterans admitted to the Veterans Administration hospitals.
These were men who had previously been healthy enough
to serve in the military. International epidemiologic studies
have focused on the differences among countries in the inci-
dence and manifestations of sarcoidosis [7,8].

The definitive diagnosis of sarcoidosis requires tissue
confirmation of granuloma, with no evidence of mycobac-
terial or fungal infections [9,10], but many epidemiologic
studies did not require tissue diagnosis. Instead they relied
on chest roentgenograms which are not specific. Studies
based on autopsy may not be representative of patients with
sarcoidosis, since the disease may totally resolve and the
percentage of patients dying of sarcoidosis is less than 5%.
[11]. Also, the data obtained from autopsy studies are lim-
ited since work and social histories are usually not avail-
able. Complete and valid case ascertainment as well as ac-
curate medical, occupational, and social histories are
important in the search for specific etiologies.
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A Case Control Etiologic Study of Sarcoidosis (AC-
CESS) is a multicenter study designed to determine the eti-
ology of sarcoidosis. The study organization includes ten
Clinical Centers, a Clinical Coordinating Center, special-
ized Core Laboratories, a Central Specimen Repository,
and a Project Office at the National Heart, Lung, and
Blood Institute. In addition to etiology, ACCESS will ex-
amine the socioeconomic status and clinical course of pa-
tients with sarcoidosis. ACCESS proposes to enroll 720
newly diagnosed cases of sarcoidosis and compare them to
720 age, sex, and race matched controls and follow the
clinical course of 240 cases for two years. This report de-
scribes the rationale for the study design, the methods used
for selecting controls, and four major categories of etiologic
hypotheses—genetic, environmental, infectious, and im-
mune dysregulation.

METHODS

Case and Control Selection

A case control study is the most appropriate design to assess
possible etiologic factors of a relatively low incidence dis-
ease such as sarcoidosis [12]. In ACCESS, incident cases
and matched controls will be compared on the prevalence
of various exposures prior to the date of diagnosis of sarcoi-
dosis. Information on exposures will be obtained through
interview.

Some earlier case control studies had a large proportion
of cases that may have had sarcoidosis for years prior to en-
rollment which increases the likelihood of errors in report-
ing exposures. ACCESS will include only cases of sarcoido-
sis with recent tissue confirmation of granuloma and a
compatible clinical course. A recently diagnosed case is de-
fined as a patient who had tissue confirmation less than six
months prior to enrollment. A multicenter design was se-
lected to ensure broad geographic distribution of cases, and
a large enough sample size for adequate power in assessing a
priori hypotheses.

Tissue samples are considered positive for sarcoidosis if
they demonstrate non-caseating granuloma and are read as
being compatible with a diagnosis of sarcoidosis, without
other possible causes such as tuberculosis or histoplasmosis.
All biopsies will be reviewed by designated pathologists at
each Clinical Center for quality control purposes. Kveim
agent (from one source) may be used to confirm a diagnosis
of sarcoidosis in patients with erythema nodosum.

Each Clinical Center will enroll, interview, examine,
and collect blood specimens from 72 incident cases with
sarcoidosis and 72 matched controls during the recruitment
period (1 November 1996 through 30 June 1999). Cases
may be recruited from a variety of clinical settings includ-
ing inpatient, hospital-based outpatient, and non hospital-
based outpatient. Each Clinical Center has defined, in ad-
vance, the geographic area from which cases are recruited.
There is one population-based control group selected for
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the study. Controls matched to cases on age (within five
years), gender and self-designated race (black, white, other)
are recruited through random digit dialing. Random digit
dialing was chosen as the method to select controls to ap-
proximate a probability sample of the population [13].

Only patients 18 years of age or older are eligible for the
study. Neither cases nor controls can have active tuberculo-
sis or be taking anti-tuberculosis therapy. Potential controls
with a past history of sarcoidosis, chronic beryllium disease,
fungal diseases treated with systemic chemotherapy, granu-
lomatous hepatitis, primary biliary cirrhosis, Bell’s palsy,
uveitis, Crohn’s disease, or erythema nodosum of unknown
etiology are not eligible.

All cases and controls complete similar evaluations in-
cluding collection of demographic information (age, gen-
der, race, residence, marital status, etc.), medical history,
environmental, and occupational exposure history, infor-
mation about first degree relatives, health related quality of
life, and medical care usage. The same personnel interview
both the cases and the controls. For patients with sarcoido-
sis, the extent of organ involvement is assessed in a stan-
dard fashion. Cases will have a physical examination at the
time of the interview. Chest roentgenogram readings, pul-
monary function studies, complete blood count, and blood
chemistries including serum calcium and liver function
studies are recorded for all cases.

Statistical Methods

The goal of 720 cases and 720 controls was determined by
the ACCESS investigators so that the proposed study
would have sufficient power (80-90%) to identify associa-
tions between exposure and case status with odds ratios
=2.0 even when the prevalence of the exposure is small.
There will be at least 90% power to identify associations
between exposures and case status with odds ratios of =2.0
when the proportion of exposed controls is 0.05 and 78%
power to detect odds ratios =1.8 with the same frequency
of exposed controls. It was decided that any exposure linked
to the occurrence of sarcoidosis with an odds ratio of =2.0
would be an important association to detect even though
odds ratios =3.0 are frequently required to establish that an
association exists [14].

This large number of cases and controls also provides ad-
equate power to investigate associations for subgroups and
to identify interactions between genetic markers and envi-
ronmental exposures. For instance blacks may have a differ-
ent set of risk factors than whites. There will be at least
88% power to detect odds ratios =2.0 and 82% to detect
odds ratios = 1.8 in a selected subset representing half of
study population (360 cases and 360 controls) if the preva-
lence of the exposure in the control population is 0. 1. The
efficiency of an interaction test between a genetic factor
and an exposure with one half of the patients in each of two
genetic groups is approximately one half the efficiency of
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the test for the exposure in all cases and controls [15]. The
test for interaction will have 80-90% power to detect
changes in the ratio of the exposure-sarcoidosis odds ratios
=2.0 when comparing the two genetic groups.

The presentation of the matched case-control data will
follow the methods outlined by Breslow and Day [16]. Cate-
gorical data will be presented using cross tabulations of the
number of cases exposed versus the number of controls ex-
posed. The methods for estimating the odds ratios using
matched pair contingency tables McNemar’s test will be
the basis of influences on the measure of association. Ninety-
five percent confidence limits will be calculated using the
binomial approximation. For continuous variables the
means of controls versus the means of cases will be com-
pared using paired t-tests. Point estimates of the differences
in case and control means will be calculated as well as 95%
confidence intervals of the differences. Analysis using one
or more exposure variables will be performed using condi-
tional logistic regression methods. This method will also be
used to estimate the odds ratios and 95% confidence limits.

It will not be feasible to estimate odds ratios for age, gen-
der, race or geographic area (controls are chosen from the
same telephone area code or within the same postal zip
code as cases), since these are matching variables, however,
interaction terms between age, gender, race and geographic
area and other exposure variables will be estimated and sta-
tistical tests will be performed to determine if these odds ra-
tio estimates are homogenous across the different matching
strata. An analysis to determine whether an exposure is as-
sociated with a genetic predisposition to sarcoidosis will be
performed using interaction terms in conditional logistic
regression models.

A systematic approach to the analysis of all of the vari-
ables collected in ACCESS has been developed by the AC-
CESS investigators. Each exposure as well as combinations
of exposures will be analyzed. Data Analysis Working
Groups have discussed how infectious agents, environmen-
tal exposures, and genetic factors might interact to cause
sarcoidosis and have identified specific hypotheses to be
tested. This was done without investigator review of the
preliminary data. These hypotheses will be tested at the
0.05 alpha level. It is possible that certain associations may
become apparent after the data are reviewed by the investi-
gators. These results will be distinguished from those that
were developed before the data were reviewed. In recogni-
tion of the large number of hypotheses being considered in
this study, the investigators have specified that associations
identified after examination of the data will not be consid-
ered statistically significant unless the P-value for the odds
ratio is less than 0.01. Even with this restriction, some spu-
rious associations may be identified. The strength of the as-
sociation and its clinical plausibility in the light of the
other associations found in ACCESS will be used to deter-
mine whether the association is spurious or not. It is ex-
pected that a reasonable subset of exposure variables will be
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significantly associated with sarcoidosis and that will lead
to further investigation into the etiology of sarcoidosis.

A clinical course study will be conducted on the first 252
cases (goal was 240) enrolled in ACCESS; each Clinical
Center is expected to contribute at least 20 cases. The total
number of cases is sufficient to detect moderate changes in
means (three quarters of standard deviation) among de-
fined subgroups and moderate changes (odds ratio of three)
for categorical outcomes. The analytic techniques for the
clinical course study will include analysis of variance, re-
gression, life table analysis and standard analyses for cate-
gorical variables.

These analysis techniques will be used to analyze the fol-
lowing aspects of the possible etiology of sarcoidosis: genet-
ics, environmental exposure, infection, and immunologic
response as a cause of sarcoidosis.

DISCUSSION
Genetic Aspects of Sarcoidosis

Genetic susceptibility to sarcoidosis is suggested by ethnic
variation, a greater concordance of disease in monozygotic
than dizygotic twins and by reports of familial aggregation
[2, 17, 18]. Over four hundred kindreds with more than one
member affected with sarcoidosis have been reported [19].
Moreover, one study found that 19% of African-American
patients and 6% of Caucasians report a positive family his-
tory of sarcoidosis [20].

In the context of a case control study design, three as-
pects of the genetic epidemiology of sarcoidosis can be ad-
dressed: familial risk can be quantitated; genetic mecha-
nisms can be tested as the cause of familial aggregation; and
candidate susceptibility genes can be assessed [21]. Familial
risk can be quantitated by counting the relatives of cases
and controls, confirming whether the relatives have sarcoi-
dosis and calculating an odds ratio.

Segregation analysis can be performed in a case control
study to test whether genetic mechanisms explain familial
aggregation [22]. Segregation analysis tests whether the ob-
served mixture of phenotypes among offspring is compati-
ble with simple Mendelian inheritance. Over the years, seg-
regation analysis has been broadened to fit general models
of inheritance in pedigrees, but the ultimate goal is the
same: to test for compatibility with Mendelian expectations
by estimating parameters of a given inheritance model. Sta-
tistical compatibility between the disease pattern among
family members and Mendelian inheritance does not prove
a susceptibility gene exists. Proof must rely on more defini-
tive biologic data.

Candidate susceptibility genes can be tested using associ-
ation studies which seek evidence for differences in the fre-
quency of occurrence of specific alleles comparing patients
to unrelated affected and unaffected individuals from a pop-
ulation in a case control study [21,22]. Relationships be-
tween alleles and clinical status can be further evaluated
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within categories of specific environmental exposures and
according to extent of disease among cases.

A major limitation of association studies is that differ-
ences in the frequency of alleles may occur if cases and con-
trols are drawn from genetically different populations even
though no disease genes exist. Any allele frequency differ-
ences found in ACCESS should be verified in other popu-
lations. Differences in frequency of alleles found between
distinctly different populations but not between cases and
controls within one population suggest gene admixture in-
stead of causation.

HLA genes are the most notable candidate susceptibility
genes in sarcoidosis. In previous studies, HLA Class I and Il
genes have been associated with different categories of sar-
coidosis characterized by specific presenting features, i.e.,
age, extent of disease, ethnic groups, and by prognosis [23—
25]. Importantly, HLA gene products play a direct role in
the immune response. CD4+ and CD8+ T lymphocytes
respond to antigenic peptides that are bound to HLA Class
I and II proteins. [26]. Thus the ability to develop a CD4+
or CD8+ T cell immune response to specific antigens is de-
pendent upon specific immunogenic peptide sequences
binding to HLA Class I or II molecules prior to being pre-
sented to T lymphocytes.

Sarcoidosis has been observed to be associated with an
increased number of CD4+ T lymphocytes at the site of
disease activity [1]. CD4+ T lymphocytes respond to anti-
genic peptides that are bound to HLA Class II molecules.
Thus the ability of specific HLA Class II molecules to bind
antigenic peptides, may determine antigens (i.e., environ-
mental agents) associated with sarcoidosis. Therefore, this
study will investigate HLA Class II associations with sarcoi-
dosis and correlate any associations with environmental
history. Since the major heterogeneity of HLA Class Il
molecules resides in the B chains, the molecular sequence
of HLA Class II DP, DQ and DR beta chains will be deter-
mined by polymerase chain reaction (PCR) amplification
of genomic DNA and hybridization with sequence specific
oligonucleotide probes (SSOP). If any molecular sequence
is not definitively identified with SSOP, the allele will be
sequenced [27]. Case and control frequencies will be com-
pared not only for specific HLA Class II alleles, but also for
specific hypervariable amino acids that are crucial for pep-
tide binding. This study will evaluate associations between
HLA Class II alleles, hypervariable amino acid positions,
and detailed, environmental histories.

Environmental and Occupational Exposures

Several lines of evidence support the hypothesis that the
cause or causes of sarcoidosis are environmental or occupa-
tional exposures. The lungs and skin—two common target
organs for sarcoidosis—are regularly in contact with envi-
ronmental agents. Several occupational and environmental
exposures include many antigens that can induce sensitiza-
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tion—a cell-mediated immune response responsible for the
development of granulomas [28,29]. Several occupational
and environmental agents are known to cause granuloma-
tous disease resembling sarcoidosis. For example, chronic
beryllium disease, due to inhalation and sensitization by be-
ryllium, and other metal-induced granulomatous lung dis-
eases due to aluminum, titanium, and zirconium, mimic sar-
coidosis [30-33]. Similarly, hypersensitivity pneumonitis
due to inhalation of organic or inorganic antigens is easily
misdiagnosed as intrathoracic sarcoidosis [34]. A variety of
antigens—including mycobacterial extract, avian proteins,
fungal spores, schistosome eggs, carrageenan, and many in-
fectious agents—induce granulomatous responses in experi-
mental animals [28].

Despite individual study flaws, published epidemiologic
investigations of sarcoidosis suggest an environmental clus-
tering of disease. A marked predilection for sarcoidosis to
develop in early adulthood, and disease onset is infre-
quently observed in children or the elderly, suggesting that
either infectious or non-infectious causative exposures oc-
cur in working-age individuals as they enter the workforce
[5,35,36]. The tendency for the disease to become clinically
apparent in cold months—winter and early spring—may
suggest that exposure occurs when people spend time in
closed, confined spaces at work or at home during these
months [2, 37-39]. Geographic clustering of disease in the
southern United States and in other parts of the world has
promoted much speculation concerning weather, soil, and
foliage [6,40—44]. Past studies have noted high prevalence
of sarcoidosis where there is lumbering activity and expo-
sure to farm animals and pets [41,43—45]. Rural residence,
birthplace, or time spent in rural regions have been associ-
ated with sarcoidosis [5,6,41,42,46].

Several studies suggest that exposures to granuloma-in-
ducing antigens at work may cause sarcoidosis [4,40,45, 47].
Cummings et al. observed clustering in communities with
lumbering or wood milling as the principal local industry
[44]. Others have found clustering among mechanics,
postal workers [45], and firefighters [48]. Particularly inter-
esting have been at least two studies which suggest that
health care workers are at increased risk [49,50]. In a well
documented clustering that has occurred in the relatively
isolated population on the Isle of Man, individuals with sar-
coidosis were more likely to have had prior contact with an
individual who had sarcoidosis compared to controls
(39.6% versus 1.1%). These contacts included neighbors,
unrelated cohabitants, and co-workers [40,49,51]. Others
have noted disease clustering in time and place, often with
coworkers [48, 52]. Similarly, there has been a cluster of
cases among sisters and unrelated social contacts, including
one sister’s employer [53]. Together these data strongly sug-
gest either person-to-person transmission or shared expo-
sure to an environmental agent. Although familiar cluster-
ing may be explained on the basis of shared genes, shared
common environmental exposures must be considered as well.
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Detailed occupational and environmental exposures ever
and in the three years prior to tissue diagnosis are obtained
for each case and control. Exposure to various agents will be
assessed not only by work type, but also a detailed list of
possible agents will be investigated. Since all patients will
have been diagnosed within six months of the questionnaire,
we hope to reduce recall bias for exposure to agents with
structured inquiries (example form pages in Appendix 2).

Infectious Agents in Sarcoidosis

Several observations suggest sarcoidosis may be caused by
an infectious agent. Clusters of cases in unrelated patients
suggest an environmental agent, such as an infectious or-
ganism. Granuloma formation can be induced in mice by
injected human sarcoidosis tissue. This can be prevented by
pretreating with autoclaving, storage at —20°C for one
week, or irradiation [54]. In addition there are case reports
of possible transmission of sarcoidosis via allogenic bone
marrow transplantation [55] and by cardiac transplantation
[56]. Also, sarcoidosis has occurred in the lungs that have
been transplanted into patients with the disease [57,58].

There are many known infectious agents that can cause
granulomas that resemble those of sarcoidosis, including
mycobacteria, herpes viruses, histoplasmosis, treponemato-
sis, sporotrichosis, coccidiomycosis, schistosomiasis, listeria,
the agent of Whipple’s disease and Rhodococcus sp [59—
67]. Because sarcoidosis has a world-wide distribution, it is
necessary to postulate that the putative agent that causes
sarcoidosis is also widely distributed, if there is indeed a sin-
gle infectious disease as a cause. It is also possible that sar-
coidosis may be the result of several different infections.

Although granulomas may occur in direct response to
the presence of an intact, infecting organism, they may also
occur as a response to an infectious agent product such as
the cell wall. This appears to be the case in some instances
of herpes zoster related cutaneous granulomas [62,68] in
which viral nucleic acid is not found in the granuloma. Al-
ternatively, the granulomas may be a response to a host an-
tigen that has been altered by the infection. Thus, it is con-
ceivable that the sarcoidosis granuloma, if related to an
infection, does not contain infectious organism DNA or vi-
able organisms.

In searching for an infectious etiology for sarcoidosis
there have been attempts to identify unusual objects (either
foreign body or infectious agents) using light and electron
microscopy to study granulomas. Structures resembling lep-
tospiral or large mycobacteriophage microorganisms have
been identified in bronchoalveolar lavage (BAL) fluid from
patients with sarcoidosis [69] and from the center of the sar-
coidosis granuloma [70]. Similar structures have also been
identified in the newly recognized syndrome of familial
granulomatosis disease [71]. While these unusual bodies
may be infectious agents, one study has identified them as
likely damaged platelets [69], raising the intriguing possibil-
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ity of platelet alterations associated with an infectious
agent.

Clinically, the granulomas of sarcoidosis are diffusely
spread throughout the body, implying strongly that an etio-
logic agent is distributed through the blood stream, at least
at some point in the disease. Indeed many infectious agents
that appear organ specific, can now be detected in blood
specimens using molecular techniques [72—75]—this list in-
cludes many of the mycobacterial species, as well as viruses
and fungi. Therefore, blood samples will be examined for
any putative infectious agent(s) in sarcoidosis. Infectious
organism DNA may be present in the blood, most likely in
acute cases in the early stages of disease.

We will examine blood specimens for the presence of
DNA coding for micro-organism related ribosomal DNA
(r-DNA). Micro-organisms have been classified, into three
main domains—DBacteria, Archaea and, Eucarya [76]. The
domain Archaea has not been found to have any human
pathogens at this time, [77] whereas human pathogens do
come from the Bacteria and Eucarya domains. The ap-
proach of examining for 16S ribosomal DNA has recently
been applied to examine for the putative agent of Ka-
wasaki’s disease [78] and to demonstrate the causative or-
ganisms in Whipple’s disease [79].

Another technique for investigating possible etiologic
agent(s) in sarcoidosis involves the use of differential dis-
play polymerase chain reaction (DD-PCR) technology [80,
81]. The unique advantage of this approach is that DD-
PCR could detect any type of infectious agent that contains
DNA, including agents that lack r-DNA or that do not
have known sequences to allow designing of specific PCR
primers. Thus, this approach could detect viral as well as
bacterial and eukaryotic agents. DD-PCR involves the use
of arbitrary oligonucleotide primers to amplify most mR-
NAs found in the cell using reverse transcription PCR,
with modifications to cDNA coding regions. Once such
genes are identified, they can be eluted from the gel, ream-
plified, cloned, and characterized.

One possible clue to the etiology of sarcoidosis is the
Kviem agent. Following studies by Williams [82] and Nick-
erson [83], Kveim found that 12 of 13 patients with sarcoi-
dosis exhibited slowly maturing epithelioid granulomas at
the intracutaneous injection sites of sarcoidal lymph node
homogenates [84]. Larger series of patients [85-87] con-
firmed Kveim’s findings as sensitive for sarcoidosis. In a re-
port of a study of 750 patients with presumed sarcoidosis
[88], patients with other granulomatous disease [89] and an
international study including 3,244 subjects in 37 countries
throughout the world [90], Siltzbach established the Kveim
test as a sensitive and specific diagnostic procedure. Accep-
tance of the Kveim test has been impeded by reports of false
positive tests. Almost all reports of false-positive Kveim re-
actions in non-sarcoidosis adenopathy [91], Crohn’s dis-
ease, ulcerative colitis [92], and in collagen vascular disor-
ders [93] have been traced to a faulty batch of non-validated



1178

Kveim suspensions manufactured in 1968. In ACCESS the
lots of Kveim suspension that will be used in the tissue diag-
nosis of some patients have high specificity [94-96].

Kveim test suspension induces immunogenic granulomas
with distinct characteristics consistent with a T helper type
1 (Th1) host response. The inciting agent in Kveim must
be particulate, because it persists in tissues for a relatively
protracted period of time [97-99]. Kveim test material is a
suspension, not a solution. After high speed, ultracentrifu-
gation, the supernate is inactive [100]. Activity resides in a
membrane bound protein. Kveim suspensions retain diag-
nostic efficacy when exposed to heat, cold, acid, alkali and
other chemicals [101,102]. Comparison of the positive
Kveim granulomas with the dermal lesions occurring in sar-
coidosis patients reveals the same histologic pattern, the
same array of CD8+ and CD4+ T cells and macrophages,
maturing in an orderly sequence over a four-week period of
incubation, with similar elaboration of lysozyme, angio-
tensin converting enzyme and endopeptidase [95,103-106].
Thus, Kveim suspensions contain an active granulomagenic
agent. The suspensions elicit a granulomatous response that
is indistinguishable from disease induced granulomas. Our
study includes tests of the in vitro response to Kveim agent
which may identify the active agent(s) of Kveim test mate-
rial and its role in initiating the granulomatous response.
Also, evidence for any putative infectious agent discovered
by molecular biology techniques is sought in the Kveim test
material.

Immunology of Sarcoidosis

Defining the etiology of sarcoidosis will require not only
identifying the initiating agent(s) of the disease, but dem-
onstrating that candidate agents induce immunologic re-
sponses characteristic of the disease. For many years, sarcoi-
dosis was conceptualized as a disease of down-regulated
immunity with peripheral lymphopenia and cutaneous an-
ergy [107]. The application of bronchoalveolar lavage led to
the observation that pulmonary sarcoidosis is characterized
by increased numbers of CD4+ T cells in the lung of pa-
tients with active pulmonary sarcoidosis [1,108] leading to a
fundamental reappraisal of sarcoidosis as a disease charac-
terized by enhanced immune activity at sites of granuloma-
tous inflammation.

Recent studies support the concept that sarcoidosis is a
disease of immune dysregulation, likely the result of persis-
tent antigenic stimulation at sites of inflammation. Sarcoid
lung T cells are characterized by a down-regulation of CD3
T-cell receptor surface density. The reduced receptor den-
sity is consistent with prior activation of these T cells
through their T-cell receptors [109]. Some patients have bi-
ased expression of specific VB, Va, Vv, or V& T-cell recep-
tor genes from lung or blood T cells [110-116]. Further-
more, biased T-cell subsets were found to be decreased in
number in response to treatment or with spontaneous re-
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mission of the disease, consistent with the hypothesis that
these cells play a critical role in the pathogenesis of sarcoi-
dosis [111,117] and with the hypothesis that the immune
response of sarcoidosis is oligoclonal [115,116,118].

Studies in the 1980s demonstrated that active pulmonary
sarcoidosis is characterized by enhanced expression of cy-
tokines such as Interleukin 2 (IL2), Interferon vy (IFNvy),
and tumor necrosis factor alpha (TNF(x) in the lung [119].
More recently, active pulmonary sarcoidosis has been
shown to be characterized by a striking polarization of cy-
tokine expression towards a type I (T helper 1) cytokine
profile with enhanced expression of Interleukin 12 (IL12)
as well as IFNvy and IL2, and little or no detectable expres-
sion of the type 2 cytokines, Interleukin 4 (IL4) and Inter-
leukin 5 (IL5) [120]. Interestingly, IL12 production is
strongly stimulated by bacteria, bacterial products, myco-
bacteria, intracellular parasites, and some viruses. The ob-
servation that sarcoid lung macrophages (but not control
lung macrophages) produce IL12 suggests that a key stimu-
lus for IL12 production in sarcoidosis resides in the lung en-
vironment [120].

Study of the Clinical Course of Sarcoidosis

Although the primary objective of this epidemiologic study
is to explore the etiology of sarcoidosis, it provides a unique
opportunity to clarify the longitudinal course of the disease.
This prospective study can provide some insight into the
disease course over the first two to three years.

Other descriptive studies of the outcome of sarcoidosis
have been reported, and most of these have attempted to
evaluate corticosteroid treatment. In a report from one cen-
ter which used a standardized approach to initiating and
terminating corticosteroids, the investigators reported that
treated patients could usually have therapy withdrawn after
one year and the rate of relapse was less than 15%. This
study consisted of Caucasians only. Others have reported a
much higher incidence of relapse and need for chronic
therapy when treating patients seen at urban centers. Most
of these patients are African-American. ACCESS will ac-
cumulate data in a standardized manner to estimate fre-
quencies of disease resolution and progression.

The clinical data from the time of enrollment in the
study and follow-up at 24 months include physical exami-
nation, laboratory data, spirometry, chest radiography,
medical history, case follow-up, and diagnostic specimen re-
port. Availability of, use of, and adherence with medical care,
and use, duration, frequency, dose and response to sarcoidosis
medications are recorded on study forms. Follow-up medi-
cal history including other health problems, pregnancy,
hospitalizations, work status, smoking history and income can
be compared with the original baseline data. Organ in-
volvement is determined as definite or probable according
to previously established criteria for each organ.
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One advantage of ACCESS is that the study will include
only patients who have initial, tissue diagnoses within six
months of enrollment. However, the limited period of fol-
low up and the lack of prescribed management regimens,
will produce a great variety of treatment experiences. Pa-
tients may be treated or untreated for varying periods. Inde-
terminate outcomes may be observed with periods of less
than a year on or off treatment. Nevertheless, it should be
possible to categorize the clinical state at follow-up accord-
ing to whether the sarcoidosis has resolved, remained sta-
ble, or worsened, and whether pharmaceutical treatments
were prescribed. These categories can be cross-classified ac-
cording to pulmonary and extra-pulmonary disease activ-
ity.. Patterns of organ involvement can be reviewed in rela-
tion to outcomes, with the documentation of organ systems
involved initially and on follow-up 24 months later.

Socioeconomic and Psychosocial Aspects

In the United States, sarcoidosis has been reported to be
predominantly a disease of young adult black, [121, 122],
particularly women, who also are more likely to have severe
disease [123,124]. In the United States, blacks are more
likely than whites to have low socioeconomic status (SES),
defined by low levels of income and education, and are
more likely to have financial barriers to health care than
persons of higher SES. Regardless of race, persons of low
SES are less likely to have health insurance, to receive
medical care, and to be adherent consumers of medical ser-
vices and therapy [125-127].

ACCESS will investigate the relationship of sarcoidosis
status and clinical severity at presentation and at two years,
according to race, SES, insurance coverage, use of health
care services, and perceived access to care. Sarcoidosis pa-
tients enrolled during the first year of the study will be re-
interviewed two years later using the standardized questions
from the initial enrollment evaluation.

The relationship between sarcoidosis and psychosocial
characteristics and quality of life is unexplored. It is likely
that sarcoidosis, a potentially progressive disease with un-
certain outcomes that may cause temporary and permanent
impairment, affects the quality of life of both acute and
chronically ill patients [128-130]. Both the symptoms of
the disease as well as the consequences of steroid therapy
could affect patient functional status, mood, self esteem,
and interpersonal relations [131]. The ACCESS question-
naires content includes measures of: generic Quality of Life,
using the Medical Outcomes Study (MOS) Short Form 36
(SE-36); depression, using the Center for Epidemiologic
Studies Depression Scale (CES-D Scale); social support and
isolation using the Medical Outcomes Study social support
scale (MOS-SSS scale); and an optimism measure called
the Life Orientation Test (LOT). The questionnaire will be
given to all participants at the time of enrollment into the
study. Sarcoidosis patients enrolled during the first year of
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recruitment will be given the questionnaire again two years
later. Questionnaire data will be analyzed in association
with demographic, social, medical, and environmental
characteristics as well as with physical and laboratory char-
acteristics to determine the psychosocial and health related
quality of life features associated with sarcoidosis.

Status of Study

Cases and controls are being recruited on schedule accord-
ing to the ACCESS protocol described above. Controls are
matched to cases for age (no more than five years younger
or older), gender, race/ethnicity, and geographical location
as required by study design. As of December 3, 1998, the
ACCESS investigators had collected data on 536 (74%)
pairs of cases with sarcoidosis and matched controls of the
planned 720 cases and controls. The 536 pairs included 356
(66%) female case and control pairs and 180 (34%) male
pairs. Table 1 summarizes the cases and controls by gender
and ethnic origin. Three controls enrolled in the study
identified themselves as “black” on initial telephone con-
tact but as “other” at the time of the data collection inter-
view. More cases (34%) and controls (33%) were in the
30-39 year old age group than any other age group. Almost
as many were in the 40-49 year old age group (31% cases
and 32% controls). The age range 20-29 years old ac-
counted for 11% of cases and 12% of controls (Figure 1).
This distribution is similar to that reported for other studies
of sarcoidosis. Our goal was to have as wide a range of ini-
tial presentations as possible. Forty-four (8%) of the cases
had erythema nodosum. Extra thoracic disease was evident
among 321 (60%) of cases. Pulmonary parenchymal in-
volvement was reported on the basis of chest roentgeno-
gram findings for 282 (53%).

CONCLUSION
Sarcoidosis has been well characterized pathologically, and

the most interesting research results in recent years have

TABLE 1. Distribution of cases and controls by gender and
ethnic origin

Ethnic origin

White Black Other Total %

Sarcoidosis cases

Female 172 176 8 356 66.4

Male 122 54 4 180 33.6

Total 294 230 12 536 100
Controls

Female 172 173 11 356 66.4

Male 122 54 4 180 33.6

Total 294 2274 15 536 100

aThree controls described themselves as “black” at the time of random
digit dialing telephone recruitment, but as “other” at the time of data col-
lection interview.
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FIGURE 1. The number of sar-
coidosis cases (solid bars) and

their controls (shaded bars) for

each of the age groups is shown.

Number of Subjects

40-49 50-59
Age (Years)

20-29

30-39

addressed the cellular mechanisms of disease activity. Con-
clusions about etiologic factors which would be of use in
treatment or primary prevention of sarcoidosis have been
difficult to reach. Previous studies of the etiology and clini-
cal course of sarcoidosis in the United States, especially in
black patients in the United States, have been limited to
relatively small numbers of patients.

ACCESS investigators will identify 720 patients with
sarcoidosis, establish disease stage using standardized crite-
ria, select an appropriate control for each case, and use case
control methods to search for exposures or genetic predis-
positions which could cause sarcoidosis. Recent advances in
laboratory methods (e.g., polymerase chain reaction tech-
nology) will be used in ACCESS to address the etiology of
sarcoidosis. The etiology may not prove to be a single,
known exposure. An interaction of exposures with genetic
predisposition would have important implications for our
understanding of immune responses as well as the patho-
genesis of sarcoidosis. The clinical course of sarcoidosis will
be evaluated in a diverse patient population. Psychosocial
and quality of life contributions to and effects of sarcoidosis
will also be studied.

ACCESS study design is sufficiently robust to study sev-
eral etiologic hypotheses at the same time, but this study
may only generate hypotheses for definitive testing.

This research is supported by contracts NOI1-HR-56065 through
NOI1-HR-56075 from the National Heart, Lung, and Blood Institute.
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Appendix 2
Example of ACCESS forms.
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ID No. -

Form Type O|R|O 1

1. SUBJECT'S INITIALS:

2. DATE OF INTERVIEW: - -

Month Day Year
A. REFERENCE DATE: - -
(COMPLETE PRIOR TO Month Day Year
INTERVIEW)
B. REFERENCE PERIOD: (1) - -
(COMPLETE PRIOR TO Month Day Year
INTERVIEW) to
(2) - -
Month Day Year

3. WAS PARTICIPANT UNEMPLOYED WITH NO WORK
EXPERIENCE OR DISABLED WITHOUT PREVIOUS Yes No
WORK EXPERIENCE? (SEE FORM 11, QUESTION 3.) G) @)

IF YES, GO TO QUESTION 80.
IF NO, CONTINUE WITH SCRIPT.

ACTIVITIES ON THE JOB

Now | would like to ask you some questions about specific job related activities. | will read slowly
from a long list and ask you whether you have ever had a job — even if the job lasted less than six
months and was before [reference period] — that involved any of the following activities. Please
tell me if you have worked in any of them and if you worked on the job for more or less than one
year. | will also be asking if the activity occurred during the reference period. As you think about
this, please feel free to use the anchor dates we discussed to help you determine if the activity was
near one of the special dates.

USE THE ANCHOR DATES TO ESTABLISH IF THE EVENT HAPPENED IN THE REFERENCE
PERIOD. IF PARTICIPANT ANSWERS “NEVER", GO TO THE NEXT ACTIVITY.

ASK EACH ACTIVITY IN TURN AND PAUSE BRIEFLY. FOR EACH ACTIVITY, IF PATIENT
DOESN'T ANSWER, CHECK NEVER AND GO TO THE NEXT ACTIVITY.
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A B
More Than
Employment One Year
Ended Job Current
Before Employment or
Reference Ended in the :
Never Period Reference Period Yes No
4. Aircraft manufacturing () ) () () ()
5. U.S. Army () ) () G) @)
6. U.S. Navy (1) () G) () ()
7. U.S. Air Force () () G) G) @)
8. U.S. Marines () () G) G) @)
Q. Other branch of armed forces () G) () () ()
10. Nuclear worker () @) G) G) @)
11. Animal laboratory worker () ) () () )
12. Assembling or fabricating () ) G) ) @)
13. Auto or truck repair () ) () G) @)
14. Automotive manufacturing () ) () G) @)
15. Bank teller (1) @) G) G) @)
16. Raising birds () @) G) G) @)
17. Carpentry or woodworking () () () G) @)
18. Cashier () ) G) G) @)
19. Child care worker
(i.e., children under the age of 18) () ) G) G) @)
20. Cleaning private household,
domestic worker (Do not include
cleaning your own house.) () @) G) G) @)
21. Clerical or office work () () G) G) @)

22 Construction () G) G) G) @)



