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SUMMARY

 

Orofacial granulomatosis (OFG) is a condition of unknown aetiology with histological and, in some
cases, clinical association with Crohn’s disease (CD). However, the exact relationship between OFG
and CD remains uncertain. The aim of this study was to determine whether OFG could be distinguished
immunologically from CD by comparing non-specific and specific aspects of humoral immunity in
serum, whole saliva and parotid saliva in three groups of patients: (a) OFG only (

 

n

 

 = 14), (b) those with
both oral and gut CD (OFG + CD) (

 

n

 

 = 12) and (c) CD without oral involvement (

 

n

 

 = 22) and in
healthy controls (

 

n

 

 = 29). Non-specific immunoglobulin (IgA, SigA, IgA subclasses and IgG) levels and
antibodies to whole cells of 

 

Saccharomyces cerevisiae

 

, 

 

Candida albicans

 

 and 

 

Streptococcus mutans

 

 were
assayed by enzyme-linked immunosorbent assay (ELISA) in serum, whole saliva and parotid saliva.
Serum IgA and IgA1 and IgA2 subclasses were raised in all patient groups (

 

P

 

 

 

<

 

 0·01). Salivary IgA (and
IgG) levels were raised in OFG and OFG + CD (

 

P

 

 

 

<

 

 0·01) but not in the CD group. Parotid IgA was
also raised in OFG and OFG + CD but not in CD. The findings suggest that serum IgA changes reflect
mucosal inflammation anywhere in the GI tract but that salivary IgA changes reflect involvement of the
oral cavity. Furthermore, the elevated levels of IgA in parotid saliva suggest involvement of the salivary
glands in OFG. Serum IgA antibodies to 

 

S. cerevisiae

 

 were raised markedly in the two groups with gut
disease while serum IgA (or IgG) antibodies to 

 

C. albicans

 

 were elevated significantly in all three
patient groups (

 

P

 

 

 

<

 

 0·02). No differences were found with antibodies to 

 

S. mutans

 

. Whole saliva IgA
antibodies to 

 

S. cerevisiae

 

 (and 

 

C. albicans

 

) were raised in the groups with oral involvement. These find-
ings suggest that raised serum IgA antibodies to 

 

S. cerevisiae

 

 may reflect gut inflammation while raised
SIgA antibodies to 

 

S. cerevisiae

 

 or raised IgA or IgA2 levels in saliva reflect oral but not gut disease.
Analysis of salivary IgA and IgA antibodies to 

 

S. cerevisiae

 

 as well as serum antibodies in patients pre-
senting with OFG may allow prediction of gut involvement.
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INTRODUCTION

 

The term orofacial granulomatosis (OFG) describes a group of
conditions characterized by typical features of non-caseating
granulomata, lymphocytic infiltration and oedema at various sites
in the oral cavity [1]. Patients characteristically present with lip

swelling but gingivae, buccal mucosa, floor of mouth and other
sites in the oral cavity can be involved. Most cases of OFG occur
as a separate clinical entity, but a proportion present in associa-
tion with established Crohn’s disease of the small or large intes-
tine [2]. A smaller number of cases of OFG may be a
manifestation of sarcoidosis or occur as part of the Melkersson–
Rosenthal syndrome (MRS) [3,4].

A significant proportion of OFG cases have chronic inflam-
mation of the gut detected by endoscopy [5] or subsequently
develop CD [1,6,7] despite the absence of gastrointestinal symp-
toms. It remains unclear, however, whether such cases represent
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one presentation of CD or a separate disease entity. The cellular
and humoral immunology of CD has been studied extensively [8],
but no previous studies have addressed the immunological
aspects of oral CD or OFG. Recent interest has focused on the
demonstration of increased responses to 

 

Saccharomyces cerevi-
siae

 

 antigens in CD [9–12]. The significance of this finding remains
uncertain but the presence of IgA anti-

 

S. cerevisiae

 

 antibodies has
been proposed as a means of distinguishing between CD and
other types of inflammatory bowel diseases [13].

The cause of OFG is unknown in most patients. Thus agents
suggested as being possibly associated with CD are of particular
interest. These include antigens from 

 

Mycobacterium paratuber-
culosis

 

 [14–17] and from a common dietary component, 

 

S. cerevi-
siae

 

 [12,13]. Studies have shown elevated serum titres of both IgG
and IgA to 

 

S. cerevisiae

 

 in CD patients compared with ulcerative
colitis patients and healthy controls [11–13]. It had been sug-
gested that serum IgA anti-

 

S. cerevisiae

 

 may be a highly specific
serological marker for CD [11,12]. An unconfirmed case report
[18] has also implicated 

 

Candida albicans

 

 as a possible aetiologi-
cal agent in MRS.

The aim of this study was to provide further insight into the
relationship between OFG and CD and to determine whether
OFG could be distinguished immunologically from CD. Non-
specific and specific aspects of humoral immunity (serum and
salivary antibodies to 

 

S. cerevisiae, C. albicans and Streptococcus
mutans

 

) from patients with OFG only, with oral and gut Crohn’s
disease (OFG 

 

±

 

 CD) and with CD without oral involvement were
compared with healthy controls.

 

MATERIALS AND METHODS

 

Patients

 

The patient group consisted of 48 individuals with clinically and
histologically diagnosed OFG and/or CD presenting to either the
oral medicine or gastroenterology departments at Guy’s Hospital,
London (Guy’s and St Thomas’s Hospital NHS Trust). The age
range was 10–72 years with a mean of 38·4 

 

±

 

 4·2 (s.e.m.). The
project was approved by the Institutional Research Ethics Com-
mittee and informed consent following explanation of the project
was obtained from all subjects/guardians.

All patients underwent standardized detailed examination of
their oral cavities and all underwent ileo-colonoscopy. Biopsies
were taken whenever there was clinical evidence of pathology.
Patients were then divided into three subgroups: (a) those with
OFG only (OFG group) with no evidence on colonoscopy of sig-
nificant pathology (

 

n

 

 = 14, age range 12–73 years, mean
38·6 

 

±

 

 6·9); (b) those with CD and with OFG signs (OFG 

 

±

 

 CD
group) including patients presenting with OFG and in whom evi-
dence of intestinal pathology consistent with CD was found on
colonoscopy (

 

n

 

 = 12, age range 10–55 years, mean 28·3 

 

±

 

 7); and
(c) CD patients with no detectable oral signs (CD group) (

 

n

 

 = 22,
age range 21–70 years, mean 46·7 

 

±

 

 7·4. With the exception of the
CD group, in which there were 14 males and eight females, the
other groups showed an even male/female distribution.

 

Serum samples

 

Venous blood samples were collected during routine patient con-
sultations and following centrifugation of the clotted blood, sev-
eral aliquots were taken and stored at 

 

-

 

70

 

∞

 

C. Control serum
samples were obtained from staff and patients referred to the
Department of Oral Medicine and Pathology, Guy’s Hospital.

None had been referred for assessment of conditions likely to be
related to increased carriage of 

 

C. albicans

 

 or other fungal organ-
isms, or for ulcerative conditions. As far as possible they were age-
and sex-matched to the entire patient group, which had an age
range from 10 to 72 years with a mean of 38·4 

 

±

 

 4·2 (s.e.m.). A
total of 29 sera were selected from controls with an age range of
10–73 years, mean 37·9 

 

±

 

 3·6 (s.e.m.).

 

Saliva samples

 

Unstimulated whole saliva was collected in sterile universal con-
tainers, and 50 

 

m

 

l cultured on standard Sabouraud’s dextrose agar
at 37

 

∞

 

C for 48 h. The remainder was centrifuged and several ali-
quots stored at 

 

-

 

70

 

∞

 

C until required. Stimulated parotid saliva
was collected over 10 min in all patients and controls from the
right parotid duct as described previously [19]. Ten of the control
subjects and 12 of the patient group showed salivary carriage of 

 

C.
albicans

 

 but all had less than 1500 colony-forming units (cfu)/ml
of saliva [20], which was regarded as normal carriage and were
therefore not excluded.

 

Antigen preparation

 

An oral isolate of 

 

C. albicans,

 

 NCPF 2272, was subcultured on
Sabouraud’s dextrose agar, harvested at 48 h, washed and stored
in sterile isotonic saline/sodium azide (0·02%), heat-treated at
56

 

∞

 

C for 2 h (and non-viability confirmed by subculture for 48 h)
and then stored at 4

 

∞

 

C until required. An aliquot was washed in
distilled water and brought to a final working dilution of 4 

 

¥

 

 10

 

8

 

cells/ml in 0·3% methyl glyoxal. A suspension of 

 

S. cerevisiae

 

 was
prepared in a similar manner from an oral isolate identified using
the AP1 20C AUX test system (Bio Merieux, Marcy L’Etoile,
France). Subcultures were incubated at 37

 

∞

 

C for 96 h and the
heat-treated suspensions were also brought to 4 

 

¥

 

 10

 

8

 

 cells/ml in
0·3% methyl glyoxal. 

 

Strep. mutans

 

 NCTC 10449 was included as
a control and was grown in Todd Hewitt broth and after washing
made to a suspension of 4 

 

¥

 

 10

 

9

 

 cells/ml in 0·3% glyoxal.

 

Antibody detection

 

Serum and salivary IgG and IgA antibodies to whole cells of 

 

C.
albicans, S. cerevisiae

 

 and 

 

S. mutans

 

 were assayed by enzyme-
linked immunosorbent assay (ELISA) according to the method
described previously [20]. Standard sera were constructed by
pooling 10 normal samples found to have high antibody titres
against the three antigens and used at doubling dilutions from
1 : 1000. The standard serum was given an arbitrary value of
100 000 units. The mean of the test sample values falling within
the range of the standard curve (a minimum of three of the four
dilutions was used) was then compared against the standard curve
and an antibody concentration determined [20]. A coefficient of
variation was calculated for each sample and values in excess of
15% were re-assayed.

 

Antibody specificity

 

Cross-reactivity of patient sera between the antigens of 

 

C. albi-
cans

 

 and 

 

S. cerevisiae

 

 was screened for by a non-competitive
absorption protocol. Six high titre samples were absorbed with a
one-tenth volume of washed suspension of formalin-fixed 

 

C. albi-
cans, S. cerevisiae

 

 and 

 

S. mutans

 

, respectively, for 1 h at 37

 

∞

 

C and
overnight at 4

 

∞

 

C before centrifugation [20]. The serum samples
were then assayed in parallel with identical non-absorbed samples
for anti-

 

C. albicans

 

, anti-

 

S. cerevisiae

 

 or anti-

 

S. mutans

 

 activity as
described previously and the percentage inhibition calculated.
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Statistical analyses

 

All data analyses were undertaken using the Minitab 10·5 statis-
tics package. The raw data were transformed and analysed using
Student’s 

 

t

 

-test. The validity of outlying values was assessed using
Dixon’s 

 

Q

 

-value. Relationships between groups were assessed
using the Pearson correlation coefficient.

 

RESULTS

 

Serum and salivary immunoglobulin concentrations are shown in
Fig. 1. In whole saliva the mean IgG and IgA concentrations were
raised significantly (

 

P

 

 

 

<

 

 0·02) in the OFG group and in the
OFG + CD (oral and gut Crohn’s) group but not in the CD
(Crohn’s disease) group. Similar trends were found in parotid
saliva (Fig. 2), where the mean IgA concentration was raised sig-
nificantly in the OFG and in the OFG + CD groups (

 

P

 

 

 

<

 

 0·01).

This appeared to be due mainly to an increase in IgA2 concen-
trations in this group (Fig. 2). Serum IgG and serum IgA concen-
trations were not significantly altered in any of the disease groups
(Fig. 1).

Serum IgA antibodies to 

 

S. cerevisiae

 

 were raised significantly
in the two groups with gut involvement (

 

P

 

 

 

<

 

 0·01, Fig. 3b),
whereas serum IgG antibodies were raised in all three disease
groups, but more pronounced in those groups with gut involve-
ment (Fig. 3a). Serum IgG and IgA antibodies to 

 

C. albicans

 

 were
raised in all three patient groups in comparison with the controls
(Fig. 3a,b), although considerable variation was seen with individ-
ual patients

 

. S. mutans

 

 was used as a non-fungal control and
serum antibodies to 

 

S. mutans

 

 were not raised significantly in any
group compared with controls.

Salivary IgA antibodies to 

 

S. cerevisiae

 

 in whole saliva
(Fig. 4a) were raised significantly in OFG and OFG + CD groups

 

Fig. 1.

 

Serum and salivary immunoglobulin IgG and IgA concentrations in three patient groups and controls. Data are mean ELISA values

 

±

 

 s.e.m. expressed as mg/ml (serum) or 

 

m

 

g/ml (whole saliva), *

 

P

 

 

 

<

 

 0·01. OFG = oral signs only, OFG + CD = oral and gut involvement,
CD = Crohn’s disease gut only group.
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Fig. 2.

 

Immunoglobulin IgA, IgA1 and IgA2 concentrations in parotid saliva in patient and control groups. Data are mean ELISA values

 

±

 

 s.e.m. expressed as 

 

m

 

g/ml. OFG = oral signs only, OFG + CD = oral and gut involvement, CD = Crohn’s disease gut only group.
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while antibodies to 

 

C. albicans

 

 were raised in all three groups

 

.

 

 Sal-
ivary IgG antibodies were examined in whole saliva but mean
titres were essentially similar in all groups (data not shown). IgA
antibodies to 

 

S. mutans

 

 in whole saliva did not differ in disease
groups from controls (Fig. 4a).

IgA antibodies were also analysed in parotid saliva (Fig. 4b).
There was considerable variation between patients and significant
differences only found with antibodies to 

 

C. albicans in the OFG
and CD groups (P < 0·05). This pattern was different from that
seen with immunoglobulin levels (Figs 1 and 2).

Pearson correlation coefficients revealed positive correlations
between serum IgA and serum IgG antibodies to C. albicans in
controls (r = 0·876, n = 29, P < 0·001) but not in patients taken as
the three groups combined (r = 0·182, n = 48). Serum IgA anti-
bodies to S. cerevisiae and C. albicans showed a positive correlation
in controls (r = 0·677, P < 0·01, n = 29) and in patients (r = 0·408,
n = 48, P < 0·05). A strong relationship between salivary IgA anti-
C. albicans and anti-S. cerevisiae antibodies was observed in
patients (r = 0·572, n = 48, P < 0·01) but not in controls.

Absorption of serum samples with C. albicans reduced the
IgA anti-C. albicans by over 90% and the anti-S. cerevisiae by
58% (Table 1). Similar absorption with S. cerevisiae produced a
homologous inhibition of 80% and reduced the IgA antibody to
C. albicans by approximately 30%. Serum IgG titres showed a
similar pattern, except that no significant absorption of candida
antibodies was found with S.cerevisiae. Absorption with S. mutans
reduced the homologous titre by over 80% but the titres to C.
albicans and S. cerevisiae were reduced by less than 25%.

DISCUSSION

One of the main findings of this study was that non-specific immu-
noglobulin levels in both whole saliva and parotid saliva are
raised in patients with OFG, with or without gut inflammation,
suggesting that salivary gland involvement may occur in this dis-
order. While there have been occasional case reports of salivary
gland involvement and acceptance that sarcoid may involve the
glands, it has not been suggested previously that there may be

Fig. 3. (a,b) Serum IgG and IgA antibodies to S. cerevisiae, C. albicans and Strep. mutans in three patient groups and controls. Data are
mean ELISA values ± s.e.m. and expressed as units/ml (¥1000), *P < 0·05, **P < 0·01. OFG = oral signs only, OFG + CD = oral and gut
involvement, CD = Crohn’s disease gut only group.
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subclinical involvement of the parotid glands in OFG. We are not
aware of any previous studies comparing OFG with CD in this
way.

The findings in this study show clearly that there are elevated
serum antibody titres of the IgA isotype to S. cerevisiae in the
patients with CD or OFG + CD compared with healthy control
subjects. This is in agreement with the previously cited studies
showing elevated serum IgA titres to S. cerevisiae in CD patients
[10,13]. Serum IgG antibodies to S. cerevisiae and serum IgG or
IgA antibodies to C. albicans were not different in the three
patient groups. (Fig. 3a,b) and thus did not discriminate between
the groups, as found with serum or salivary IgA antibodies to S.
cerevisiae.

The differences in anti-S. cerevisiae IgA antibody titres
between OFG with and without CD suggests that it may be pos-
sible that to use such antibody titres as both a marker of coinci-
dent gut disease in those presenting with OFG, and as a progress
screen to alert clinicians to the possible development of CD. That
OFG may be an early manifestation of CD receives some support
from reports of the development of CD in a significant percentage

Fig. 4. (a,b) Salivary IgA antibodies to S. cerevisiae, C. albicans and Strep. mutans in three patient groups and controls. (a) whole saliva,
(b) parotid saliva. Data are mean ELISA values ± s.e.m. and expressed as units/ml (¥1000), *P < 0·01. (a) or <0·05 (b), OFG = oral signs
only, OFG + CD = oral and gut involvement, CD = Crohn’s disease gut only group.
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Table 1. Antibody specificity: mean percentage serum IgG, serum IgA 
and salivary IgA antibodies remaining after absorption of six samples with 

S.cerevisiae, C. albicans, and S. mutans (see Methods)

Absorbed with:

Saline S. cerevisiae C. albicans S. mutans

Serum IgG
S. cerevisiae 100 19 46 78
C. albicans 100 95 7 96
S. mutans 100 94 96 18

Serum IgA
S. cerevisiae 100 22 42 88
C. albicans 100 72 1 90
S. mutans 100 80 85 15

Salivary IgA
S. cerevisiae 100 15 45 85
C. albicans 100 85 6 62
S. mutans 100 81 88 12
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of OFG patients [1,6,7]. In addition, while antibody levels to an
oral control bacterium were not raised, it is not excluded that
serum responses to other members of the gut flora might be ele-
vated and it is possible that CD patients have altered responses to
specific antigens.

A recent study [21] examined serum antibodies to dietary
antigens in monozygotic twins with inflammatory bowel disease
(IBD) and confirmed high titres of IgA, IgM and IgG to yeast cell
wall mannan and IgA to whole cells of S. cerevisiae in CD patients.
The increase in antibodies of all three major isotypes supports
involvement of both mucosal and systemic immune systems.
Other studies have shown an antigen specific increase in lympho-
cyte proliferation in CD in response to S. cerevisiae [22]. An inves-
tigation of this in OFG patients is clearly worthwhile. Darroch
et al. [23] extended the initial observations of raised lymphopro-
liferative responses of peripheral blood mononuclear cells
(PBMC) in CD patients by using the immunodominant 200 kDa
S. cerevisiae antigen reactive with anti-S. cerevisiae antibodies
from CD patients identified by Heelan et al. [24] as a mitogen.
PBMC from CD showed a dose-dependent response to S. cerevi-
siae antigen. The kinetics of this response are similar to that of
purified protein derivative (PPD) of M. tuberculosis, prompting
the suggestion that the S. cerevisiae antigen is causing blastogen-
esis in an antigen-dependent manner, rather than non-specifically
as is the case with mitogens [24]. The mannans, which form the
dominant yeast cell wall antigen, are also present in mycobacteria
and the latter have been implicated in CD [25]. It is therefore nec-
essary to focus on a group of potential antigen sources rather than
specific organisms only and the use of this antigen in OFG may be
helpful in discrimination.

Significantly raised titres of C. albicans antibody were found
in all three patient groups. Patients with OFG alone had similar
mean serum and salivary antibody titres to C. albicans as the CD
group (Figs 3 and 4), although both were raised in comparison
with the control group. This is contrast to the previously reported
absence of elevated serum titres of anti-C. albicans antibodies in
CD patients [26]. A more recent study [27] examined the degree
of cross-reactivity between strains of S. cerevisiae and C. albicans
and showed that anti-S. cerevisiae antibodies can be absorbed by
C. albicans but with no apparent significant absorption of anti-C.
albicans antibodies by S. cerevisiae. Similarly in this study, the can-
dida strain used was able to absorb out both homologous and a
significant proportion of S. cerevisiae antibodies, indicating anti-
genic cross-reactivity between the strains used, whereas antibod-
ies to C. albicans were absorbed strongly by C. albicans but not by
S. cerevisiae (table).

In summary, non-specific IgA and IgA2 immunoglobulin lev-
els in whole and parotid saliva are raised in patients with OFG,
with or without gut inflammation, suggesting that salivary gland
involvement may occur in this disorder. Although a previous
study has reported raised salivary IgA in whole saliva in CD [28],
no previous studies have compared OFG with and without gut
involvment. Serum IgA responses to S. cerevisiae were raised only
in those with existing gut disease and thus assay of serum IgA
antibody responses may prove useful in indicating concurrent gut
disease and possibly progression of OFG to gut involvment. The
absence of any differences in responses to the control organism S.
mutans supports the view that raised responses to saccharomyces
and candida species may be a particular feature of CD-like gut
inflammation. Analysis of salivary IgA subclass levels and IgA
antibodies to S. cerevisiae as well as serum IgA antibodies in

patients presenting with OFG may allow prediction of gut
involvement.
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