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background

 

Immunoproliferative small intestinal disease (also known as alpha chain disease) is a
form of lymphoma that arises in small intestinal mucosa-associated lymphoid tissue
(MALT) and is associated with the expression of a monotypic truncated immunoglob-
ulin 

 

a

 

 heavy chain without an associated light chain. Early-stage disease responds to
antibiotics, suggesting a bacterial origin. We attempted to identify a causative agent.

 

methods

 

We performed polymerase chain reaction (PCR), DNA sequencing, fluorescence in situ
hybridization, and immunohistochemical studies on intestinal-biopsy specimens from
a series of patients with immunoproliferative small intestinal disease.

 

results

 

Analysis of frozen intestinal tissue obtained from an index patient with immunoprolif-
erative small intestinal disease who had a dramatic response to antibiotics revealed the
presence of 

 

Campylobacter jejuni.

 

 A follow-up retrospective analysis of archival intes-
tinal-biopsy specimens disclosed campylobacter species in four of six additional patients
with immunoproliferative small intestinal disease.

 

conclusions

 

These results indicate that campylobacter and immunoproliferative small intestinal
disease are associated and that 

 

C. jejuni

 

 should be added to the growing list of human
pathogens responsible for immunoproliferative states.

abstract
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mmunoproliferative small intesti-

 

nal disease, also known as alpha chain dis-
ease, is a mucosa-associated lymphoid-tissue

(MALT) lymphoma characterized by infiltration of
the bowel wall with a plasma-cell population that
secretes a monotypic, truncated immunoglobulin

 

a

 

 heavy chain lacking an associated light chain.

 

1-3

 

Lymphoid infiltration leads to malabsorption and
protein-losing enteropathy. The disease can cause
a spectrum of histopathological changes, ranging
from seemingly benign lymphoid infiltration to ma-
lignant diffuse large-B-cell lymphoma.

Since its initial description,

 

1

 

 immunoprolifera-
tive small intestinal disease has largely been report-
ed in the Mediterranean basin, the Middle East, the
Far East, and Africa. In the Middle East, the most
common site of extranodal lymphoma is the gastro-
intestinal tract: immunoproliferative small intestin-
al disease accounts for approximately one third of
gastrointestinal lymphomas.

 

4

 

 The restricted geo-
graphic distribution of the disease has led to the
hypothesis that environmental factors may have a
pathogenic role.

Remarkably, early-stage immunoproliferative
small intestinal disease typically responds to antibi-
otics, suggesting that it may be triggered by bacte-
rial infection.

 

5,6

 

 However, previous attempts to iden-
tify a causative agent with the use of standard culture
methods have failed.

 

5-7

 

 Immunoproliferative small
intestinal disease shares histopathological features
with gastric MALT lymphoma associated with 

 

Heli-
cobacter pylori

 

 infection,

 

2,3

 

 and a case report suggest-
ed that 

 

H. pylori

 

 may be a potential causative agent.

 

8

 

However, this proposal was not supported by the re-
sults of a subsequent retrospective study of 21 pa-
tients with immunoproliferative small intestinal dis-
ease.

 

9

 

 We used a molecular strategy similar to that
used to identify the causative agents of bacillary an-
giomatosis (

 

Bartonella henselae

 

)

 

10

 

 and Whipple’s dis-
ease (

 

Tropheryma whipplei

 

),

 

11

 

 in order to determine
whether immunoproliferative small intestinal dis-
ease could be linked to specific bacterial species.

 

index patient

 

A 45-year-old woman from Cameroon was hospi-
talized for a 12-month-long illness characterized
by chronic diarrhea and wasting. Histologic exami-
nation of endoscopic biopsy specimens from her
duodenum and proximal jejunum revealed massive
infiltration of the lamina propria, with a dimorphic

population of plasma cells located in the superficial
mucosa and centrocyte-like lymphocytes prolifer-
ating deeper in the mucosa, mostly around crypts
(Fig. 1A, 1B, 1C, and 1D). Infiltration of the lami-
na propria was less pronounced in antral-biopsy
specimens.

Immunohistochemical studies of these biopsy
specimens showed that the plasma cells were neg-
ative for CD20, whereas the centrocyte-like lympho-
cytes were positive for CD20 (Fig. 1E and 1F). The
cytoplasm of both plasma cells and centrocyte-like
lymphocytes showed intense staining for immuno-
globulin 

 

a

 

 heavy chain, with no detectable expres-
sion of light chains or surface immunoglobulin in
these cells (Fig. 1G, 1H, 1I, and 1J). Centrocyte-like
lymphocytes were responsible for the lymphoepi-
thelial lesions that are typical of MALT lymphomas
(Fig. 1D, 1E, and 1F).

Staining of gastric- and intestinal-biopsy spec-
imens with Giemsa and silver stains and serolog-
ic assays were all negative for 

 

H. pylori.

 

 Tissue and
stool cultures were negative for salmonella, yersin-
ia, shigella, and campylobacter. An enzyme-linked
immunosorbent assay and Western blot assays of
serum were positive for 

 

Campylobacter jejuni

 

 (data
not shown).

Analysis of blood samples disclosed 7560 lym-
phocytes per cubic millimeter, with the vast majority
having morphologic features of lymphoplasma-
cytes. Analysis with the use of a fluorescence-acti-
vated cell sorter established that 82 percent of
peripheral-blood lymphocytes were CD19+, CD20¡,
CD38+, CD138¡ B cells. Immunocytochemical stud-
ies of the sorted cells revealed high levels of cyto-
plasmic 

 

a

 

 heavy chains without detectable light
chains or surface immunoglobulin. Bone marrow
biopsy disclosed extensive infiltration with lympho-
plasmacytes. Evidence of the clonality of this popu-
lation was provided by Southern blot analysis of
peripheral-blood lymphocyte DNA, which showed
discrete rearrangements of the genes for the immu-
noglobulin heavy-chain and 

 

k

 

 light-chain loci (data
not shown). The serum IgA level was increased to
10.9 g per liter (normal range, 0.76 to 3.90), where-
as IgG and IgM levels were decreased (to 5.81 and
0.22 g per liter, respectively). Immunoelectrophore-
sis of serum, aspirated jejunal luminal contents, and
urine from the patient showed a prominent arc of

 

a

 

 heavy chain precipitin (Fig. 2A). Western blot
analysis of serum revealed the presence of a trun-
cated monotypic 

 

a

 

1

 

 heavy chain.
On the basis of these clinical, histopathologi-

i

case reports
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cal, and immunologic findings, a diagnosis of im-
munoproliferative small intestinal disease was
made. Given the gastric extension of the disease,
the phenotypic similarities between the disease and

 

H. pylori

 

–associated gastric MALT lymphoma,

 

2,3

 

and a previous case report of regression of immu-

noproliferative small intestinal disease in a patient
after the eradication of 

 

H. pylori

 

 infection,

 

8

 

 triple
antimicrobial therapy was initiated (1 g of amox-
icillin twice daily, 500 mg of metronidazole twice
daily, and 500 mg of clarithromycin twice daily) in
combination with a proton-pump inhibitor (20 mg

 

Figure 1. Histologic and Immunohistologic Studies of Endoscopic-Biopsy Specimens from the Index Patient.

 

In Panel A, staining with hematoxylin and eosin shows lymphoid infiltration of the lamina propria in a section of jejunum (¬50). In Panel B, a sec-
tion of the antral region of the stomach stained with hematoxylin and eosin shows lymphoid infiltration of the lamina propria (¬100). In Panel 
C, which shows a higher-power view of the specimen in Panel A, the typical lymphoplasmacytic features of the superficial mucosa infiltrate are 
evident (hematoxylin and eosin, ¬1000). In Panel D, a higher-power view of the specimen shown in Panel A reveals centrocyte-like cells infil-
trating the crypt epithelium (hematoxylin and eosin, ¬400). Sections of jejunum (Panel E) and stomach (Panel F) stained with primary anti-
bodies directed against the B-cell marker CD20 (appears brown when stained with enzyme-linked secondary antibodies) and counterstained 
with hematoxylin (¬100) show CD20-positive centrocyte-like lymphocytes pervading the lamina propria surrounding crypts (bottom insets 
show higher-power views of boxed areas, ¬300). CD20-positive centrocyte-like lymphocytes infiltrate the crypt epithelium and produce char-
acteristic lymphoepithelial lesions (arrows in Panels E and F). In contrast, the superficial plasma-cell infiltrate is negative for CD20. The inset 
in the upper right-hand portion of Panel F shows a section stained with KL1 (which recognizes cytokeratin) and counterstained with hematox-
ylin (¬300). Cross-sectioned crypts contain brown, cytokeratin-positive epithelial cells. Jejunal sections (¬400) were incubated with monoclo-
nal antibodies that recognize the 

 

a

 

 heavy chain (Panel G), 

 

g

 

 heavy chain (Panel H), 

 

k

 

 light chain (Panel I), or 

 

l

 

 light chain (Panel J) and were 
counterstained with hematoxylin. The results establish that the infiltrating lymphoid-cell population (lymphoplasmacytes and centrocyte-like 
cells) expresses the 

 

a

 

 heavy chain without its associated light chain.

A B C

D E F

G H I J
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of omeprazole twice daily). The diarrhea subsided
within a week, the leukemic component disappeared
within 10 weeks (Fig. 2B), and there was progres-
sive resolution of the paraproteinemia (Fig. 2A and
2C) and intestinal lymphoplasmacytic infiltrate
(data not shown). Treatment was stopped after five
months because the patient was asymptomatic, the
leukemic and serum paraprotein abnormalities had
disappeared, and lymphoplasmacytic infiltration of
the intestine was barely detectable in follow-up en-
doscopic biopsy specimens from the jejunum. One
year after the diagnosis had been established, the
results of clinical examination and laboratory stud-
ies were normal.

 

six additional patients

 

Immunoproliferative small intestinal disease is rare.
Frozen intestinal samples from other patients with
untreated immunoproliferative small intestinal dis-
ease were not available to us. Therefore, we retrieved
archival paraffin-embedded excisional jejunal-biop-
sy specimens obtained at the time of laparoscopy
8 to 27 years earlier from six additional patients in
whom immunoproliferative small intestinal disease
had been diagnosed at a single hospital according
to established histopathological and immunologic
criteria.

 

1,5,6,12

 

tissue samples

 

We analyzed tissue specimens from six sources. Fro-
zen and formalin-fixed, paraffin-embedded speci-
mens were obtained from gastric, duodenal, and
jejunal biopsies performed endoscopically in the
index patient one day before and eight days after
the initiation of antimicrobial therapy. Archival je-
junal-biopsy specimens, which had been fixed in
Bouin’s fluid and embedded in paraffin, were ob-
tained from six additional patients who had re-
ceived a diagnosis of immunoproliferative small
intestinal disease. Formalin-fixed, paraffin-embed-
ded jejunal-biopsy specimens were obtained en-
doscopically from a patient infected with human
immunodeficiency virus (HIV) who had acute 

 

C. je-
juni

 

 enteritis. Formalin-fixed, paraffin-embedded
stomach samples were obtained from a patient with

 

H. pylori

 

 gastritis. Frozen duodenal-biopsy speci-
mens were obtained from 10 patients with chronic
diarrhea of unknown origin (as defined by negative
cultures for known enteropathogens). Formalin-
fixed, paraffin-embedded duodenal-biopsy speci-
mens were obtained from 10 patients who were
being evaluated for anemia.

methods

 

Figure 2. Resolution of Immunoproliferative Small Intestinal Disease in the Index Patient after Antimicrobial Therapy.

 

Panel A shows the immunoelectrophoresis of serum before and after antibiotic treatment; the arrow points to the prominent arc of 

 

a

 

 heavy 
chain precipitin observed before treatment. Panel B shows the time course of the disappearance of the CD19+, CD38+, and 

 

a

 

 heavy chain (

 

a

 

HC)–
positive leukemic cells, as assessed by analysis of peripheral-blood lymphocytes with the use of a fluorescence-activated cell sorter. Panel C 
shows the gradual decrease in the serum level of total IgA.
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bacterial strains and antibodies

 

We obtained 

 

C. jejuni

 

 reference strain CIP 70.2,

 

H. pylori

 

 reference strain CIP 103995, and 

 

Escheri-
chia coli

 

 reference strain CIP 7624 from the Institut
Pasteur collection. Two mouse monoclonal antibod-
ies were used for immunohistochemical studies:
IgG2b NCL-C-JEJUNI (Novocastra), which recog-
nizes a flagellar immunologic determinant com-
mon to 

 

C. jejuni

 

 and 

 

H. pylori,

 

13

 

 and IgM CP1/IIG10
(Biotrend), which is directed against a 43-kD, non–
surface-associated 

 

H. pylori

 

 antigen that is not de-
tectable in other helicobacter species or unrelated
bacteria.

 

polymerase chain reaction

 

Universal primers PB (5'TAACACATGCAAGTCG-
AACG3') and DG74 (5'AGGAGGTGATCCAACC-
GCA3') were used to amplify bacterial 16S riboso-
mal DNA (rDNA).

 

14

 

 Established primers directed
at 

 

C. jejuni

 

 (CCCJ609F 5'AATCTAATGGCTTAACC-
ATTA3' and CCJ1442R 5'GTAACTAGTTTAGTAT-
TCCGG3')

 

15

 

 were used to generate an 852-bp 16S
rDNA amplicon. Primers specific for 

 

H. pylori

 

 (5'fla
5'CCACGGTTAAAGCGTCTATTGG3' and 3'fla
5'GATCGCATTAGTCAACCTCCCG3')

 

16

 

 were used
to amplify a 401-bp fragment from the 

 

flaB

 

 gene.
Two pairs of primers — 72/96F (5'ACAGGAAGA-
AGCTTGCTTCTTTGC3') and 455/477R (5'GAGC-
AAAGGTATTAACTTTACTCCC3') and 455/477F
(5'GGGAGTAAAGTTAATACCTTTGCTC3') and
1000/1025R (5'ACATTCTCATCTCTGAAAACTTC-
CG3') — were designed to amplify 16S rDNA from
Enterobacteriaceae. Cycling conditions for all po-
lymerase chain reactions (PCRs) were as follows:
7 minutes at 95°C, 35 cycles of denaturation for 30
seconds at 95°C, annealing for 20 seconds at 55°C,
and 2 minutes of extension at 72°C and then 10 min-
utes at 72°C.

The specificity of the PCR assays was initially es-
tablished with the use of DNA extracted from the
three reference strains listed above (Table 1). For
the index patient, amplicons from 16S ribosomal
genes were subcloned, and the nucleotide sequenc-
es of 12 randomly chosen clones were determined
on both strands. All 16S rDNA sequences that were
at least 99 percent homologous were considered to
belong to the same species.

 

17,18

 

fluorescence in situ hybridization

 

Cy3-tagged 5'ATTACTGAGATGACTAGCACCCC3'
(Cj-490) was used to probe for the presence of

 

C. jejuni,

 

19

 

 whereas Cy3-tagged 5'CACACCTGA-

CTGACTATCCCG3' (Hpy-1) was used to detect

 

H. pylori.

 

20

 

 Deparaffinized, formalin-fixed sections
that were 5 µm thick were incubated for 10 minutes
in lysozyme buffer (10 mg of lysozyme per millili-
ter [Sigma], 100 mM TRIS–hydrochloric acid [pH 8],
and 50 mM EDTA) at room temperature and then
for 2 hours at 35°C in hybridization chambers with
the oligonucleotide probe (diluted to a final concen-
tration of 4.5 ng per microliter in a solution of 30
percent formamide, 0.9 M sodium chloride, 20 mM
TRIS–hydrochloric acid [pH 8], and 0.01 percent so-
dium dodecyl sulfate). Tissue sections were washed
twice (for 15 minutes at 37°C per cycle) in wash buff-
er (0.9 M sodium chloride, 20 mM TRIS–hydrochlo-
ric acid [pH 8], 5 mM EDTA, and 0.01 percent so-
dium dodecyl sulfate) and once in distilled water,
dried at room temperature, mounted, and observed
by means of epifluorescence microscopy.

All tissue samples studied were collected as part
of routine care. The National Ethics Committee of
France requires neither approval by institutional re-
view boards nor informed consent for this type of
research to be conducted.

 

identification of 

 

c.

 

 

 

jejuni

 

 dna

 

DNA was extracted from frozen jejunal- and gas-
tric-biopsy specimens from the index patient. Ini-
tial PCR assays of these DNAs were performed with
the use of well-established universal primers known
to generate amplicons from the 16S rDNA genes
from most phyla in the bacteria superkingdom.

 

14

 

Amplicons were produced in assays in which the
DNA template was extracted from frozen jejunal
samples harvested one day before treatment was
initiated. In contrast, no amplicons were produced
with the use of DNA prepared from material har-
vested eight days after therapy was started.

The nucleotide sequences of 8 of 12 cloned am-
plicons generated from the pretreatment prepara-
tion of jejunal DNA were 99.6 percent identical to
16S rDNA amplified from DNA of the 

 

C. jejuni

 

 ref-
erence strain. Computer searches of GenBank with
the use of the BLAST program (http://www.ncbi.
nlm.nih.gov/blast/) and the 16S rDNA data base
(http://greengenes.llnl.gov/16S/) showed that the
four remaining sequences were from abiotrophia,
neisseria, lactococcus, and haemophilus. Members
of these four genera are part of the normal oropha-
ryngeal microbiota in humans.

Follow-up PCR studies with the use of primers

results
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directed at 

 

C. jejuni

 

 16S rDNA yielded amplicons
of the expected size from antral, jejunal, and fecal
DNAs prepared from material obtained before the
initiation of antimicrobial therapy (Table 1). Assays
of the same DNAs with the use of primers directed
at 

 

H. pylori

 

 16S rDNA or primers that recognize 16S
rDNA from members of the Enterobacteriaceae
family were all negative (Table 1). In addition, the
PCR assay was negative with the use of primers di-
rected at 

 

C. jejuni

 

 and DNA prepared from jejunal-
and gastric-biopsy specimens obtained from the
index patient eight days after the initiation of anti-
biotic treatment and from DNA extracted from fro-
zen proximal intestinal-biopsy specimens from 10
control patients with diarrhea of unknown origin
(i.e., not associated with cultivatable enteropatho-
gens) (Table 1).

The results of sequencing 16S rDNA amplicons
obtained with universal bacterial 16S rDNA prim-
ers and the 

 

C. jejuni

 

–directed PCR assays of endo-
scopic biopsy specimens from the index patient and
controls provided initial evidence of an association
between this campylobacter species and immuno-
proliferative small intestinal disease.

 

detection of 

 

campylobacter jejuni

 

 in small 
intestinal tissue

 

To provide further evidence of the presence of 

 

C. je-
juni

 

 in the index patient, we developed a fluores-
cence in situ hybridization (FISH) assay using an
oligonucleotide probe directed at 

 

C. jejuni

 

 16S rRNA.

The sensitivity and specificity of the FISH assay
were established as follows: staining with the Cy3-
labeled oligonucleotide was readily detectable in a
smear of cultured 

 

C. jejuni

 

 (Fig. 3A), intraluminal

 

C. jejuni

 

 were detected in a jejunal-biopsy specimen
from an HIV-infected patient with culture-docu-
mented 

 

C. jejuni

 

 enteritis (Table 2), and no signal was
noted in gastric-biopsy specimens from a patient
with 

 

H. pylori

 

 gastritis (Table 2 and Fig. 3B).
Subsequent FISH analysis with the 

 

C. jejuni

 

 probe
revealed the organism in sections of jejunal- and
stomach-biopsy specimens obtained from the in-
dex patient before the initiation of antimicrobial
therapy. The organism was most prominent in the
lamina propria, often in the vicinity of capillaries
(Fig. 3D, 3E, 3F, and 3G), a finding consistent with
the observed tropism of this organism in an ani-
mal model of infection.

 

21

 

 A control 

 

H. pylori

 

–specif-
ic FISH probe (Fig. 3C) did not produce a signal
(Table 2), a finding that is consistent with the nega-
tive Giemsa and silver staining and the PCR re-
sults (Table 1).

Finally, immunohistochemical methods were
used to confirm the presence of 

 

C. jejuni

 

 in the in-
dex patient. Two well-characterized, commercial-
ly available preparations of monoclonal antibody
were used: one recognizes a flagellar immunologic
determinant shared by 

 

C. jejuni

 

 and 

 

H. pylori

 

 (NCL-C-
JEJUNI), and another is specific for an 

 

H. pylori

 

epitope (CP1/IIG10). Control experiments that used
sections of jejunum from an HIV-infected patient

 

* Plus signs indicate positive results, and minus signs negative results. ND denotes not done, and rDNA ribosomal DNA.

 

Table 1. Results of Polymerase-Chain-Reaction (PCR) Assays of Biopsy Specimens from the Index Patient 
with Immunoproliferative Small Intestinal Disease and Control Samples.*

Specimen PCR Results

 

Bacterial
16S rDNA
Primers

Campylobacter
Primers

Helicobacter
Primers

Enterobacteriaceae
Primers

 

Controls

 

Reference strain

 

Campylobacter jejuni

 

+ + ¡ ¡

 

Helicobacter pylori

 

+ ¡ + ¡

 

Escherichia coli

 

+ ¡ ¡ +

Duodenum from 10 controls with diarrhea of unknown 
origin

ND ¡ ¡ ND

 

Index patient

 

Stomach and jejunum before antimicrobial treatment + + ¡ ¡

Stomach and jejunum on day 8 of antimicrobial treatment ¡ ¡ ¡ ¡

Stool before antimicrobial treatment ND + ¡ ND
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with culture-positive acute 

 

C. jejuni

 

 enteritis disclosed
a prominent signal with NCL-C-JEJUNI and no sig-
nal with the 

 

H. pylori

 

–specific monoclonal antibody
(Fig. 3H and Table 2). Assays of sections prepared
from jejunal- and gastric-biopsy specimens obtained
before the index patient started antimicrobial ther-
apy disclosed readily detectable signals in the lam-
ina propria with NCL-C-JEJUNI but not with the

 

H. pylori–specific antibody (Fig. 3I and Table 2). To-
gether, these results support the conclusion that
C. jejuni was present at the sites of gut abnormali-

ties in the index patient and rule out the possibility
of concomitant H. pylori infection.

analysis of archival tissues
We were unable to recover amplifiable DNA from
any of the archival samples from six patients with
immunoproliferative small intestinal disease — that
is, the PCRs for the human b-actin gene as well as
for C. jejuni 16S rDNA were all negative. This failure
most likely reflects the method of fixation together
with the age of the samples. However, because ma-

Figure 3. Fluorescence in Situ Hybridization (FISH) and Immunohistochemical Analysis of Tissue Specimens.

Panel A shows a positive control for FISH: the Cy3-labeled oligonucleotide probe directed against Campylobacter jejuni and a smear of cul-
tured C. jejuni type strain (¬400). Panels B and C show the specificity of the FISH assay; the C. jejuni–directed probe or a Helicobacter pylori–
specific probe and sections of a gastric-biopsy specimen from a patient with H. pylori–associated gastritis were used for FISH (¬400). The 
C. jejuni probe does not recognize H. pylori (Panel B), whereas the H. pylori probe produces a prominent signal (Panel C). Panels D, E, F, and 
G show the results of FISH analysis with the use of the C. jejuni probe and sections prepared from biopsy specimens of the proximal small in-
testine (Panel D) and antrum (Panel F) obtained from the index patient before the initiation of antimicrobial therapy. After hybridization, sec-
tions were demounted and stained with hematoxylin and eosin (Panels E and G). Prominent signals are seen in the lamina propria and sur-
rounding blood vessels (arrows in Panels D, E, F, and G) (¬400). Panels H, I, J, K, L, and M show immunohistochemical analysis of jejunal 
sections stained with NCL-C-JEJUNI monoclonal antibody (appears brown when stained with enzyme-linked secondary antibodies) and he-
matoxylin (¬400). The arrows point to immunolabeled material shown at a higher magnification in the bottom insets in the six panels (¬800). 
Panel H shows a specimen from a patient infected with human immunodeficiency virus who had acute C. jejuni enteritis. Bacteria are present 
in the lumen and are associated with enterocytes. Panel I shows a specimen from the index patient. Panels J, K, and L show archival biopsy 
specimens from three patients with immunoproliferative small intestinal disease (Patients 1, 2, and 3 in Table 2) that are positive for C. jejuni 
on FISH. The top insets in these three panels show sections with intraluminal immunolabeled bacteria (¬400). Panel M shows a biopsy spec-
imen from a patient with immunoproliferative small intestinal disease (Patient 6 in Table 2) that was negative for C. jejuni on FISH.

A B C

D E

F G

H I

J K

L M
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terial fixed with Bouin’s fluid is known to be suit-
able for FISH,22,23 these biopsy specimens were
analyzed with the use of three probes: a universal
bacterial 16S rDNA oligonucleotide (positive con-
trol for the presence of bacteria), the probe directed
at C. jejuni, and the specific probe for H. pylori. The
bacterial FISH probe was positive in samples from
five of the six patients (Patients 1 through 5 in Ta-
ble 2). The C. jejuni–directed probe produced a pos-
itive signal in three of the six biopsy specimens
from these patients (Patients 1, 2, and 3 in Table 2).

In addition, the two monoclonal antibodies were
used to confirm that C. jejuni immunologic deter-
minants were present in all three FISH-positive
samples (Fig. 3J, 3K, and 3L), as well as in one FISH-
negative sample (Fig. 3M and Table 2). No signal
was detected with these monoclonal antibodies in
the 10 control duodenal samples. Moreover, the
H. pylori–specific FISH probe and monoclonal anti-
body did not detect this species in any of the archi-
val jejunal-biopsy specimens from the six patients
with immunoproliferative small intestinal disease
(Table 2).

Previous attempts to link a bacterial species to im-
munoproliferative small intestinal disease with the
use of culture-based approaches have failed.5-7 We

used a molecular approach to establish a link be-
tween immunoproliferative small intestinal disease
and C. jejuni infection in an index patient. This asso-
ciation is based on three observations. First, a PCR
assay with the use of universal bacterial 16S rDNA
primers and DNA templates prepared from biopsy
specimens of the proximal small intestine obtained
before the initiation of antimicrobial treatment in
the index patient yielded amplicons encompassing
the entire 16S rDNA gene that were identified as
C. jejuni by sequencing. No other enteropathogen
was detected by PCR. Second, FISH and immuno-
histochemical analyses showed C. jejuni in diseased
biopsy specimens of the small intestine. Third, the
eradication of C. jejuni with antimicrobial therapy
was associated with rapid remission of the immu-
noproliferative small intestinal disease (i.e., resolu-
tion of both diarrhea and lymphoplasmacytic in-
filtration of the intestine and the disappearance of
the leukemic component and the monotypic trun-
cated immunoglobulin a heavy chain in serum).

Further support for an association between
C. jejuni and immunoproliferative small intestinal
disease is provided by four additional observations.
Our retrospective study of a monocentric series of
archival biopsy specimens yielded four additional
cases of campylobacter-associated disease among
six patients with immunoproliferative small intes-
tinal disease. Puri et al. described a patient in whom

discussion

* Plus signs indicate positive results, and minus signs negative results. FISH denotes fluorescence in situ hybridization, 
rDNA ribosomal DNA, ND not done, and IPSID immunoproliferative small intestinal disease.

† The IPSID stage was defined according to the criteria of Galian et al.12 Archival biopsy specimens were analyzed from 
Patients 1 through 6.

Table 2. Results of Fluorescence in Situ Hybridization and Immunohistochemical Assays of Biopsy Specimens 
from the Index Patient, Six Other Patients with Immunoproliferative Small Intestinal Disease, and Controls.*

Group and Diagnosis FISH Results Immunohistochemical Results

Bacterial 16S
rDNA Probe

Campylobacter
jejuni Probe

Helicobacter
pylori Probe

C. jejuni and
H. pylori Antibody

H. pylori
Antibody

Controls
C. jejuni enteritis + + ¡ + ¡
H. pylori gastritis + ¡ + + +
Normal duodenum from 

10 patients
ND ¡ ¡ ¡ ¡

Patients†
Index patient, IPSID stage A + + ¡ + ¡
Patient 1, IPSID stage A + + ¡ + ¡
Patient 2, IPSID stage A + + ¡ + ¡
Patient 3, IPSID stage B + + ¡ + ¡
Patient 4, IPSID stage A + ¡ ¡ ¡ ¡
Patient 5, IPSID stage A + ¡ ¡ ¡ ¡
Patient 6, IPSID stage B – – – + –
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culture-positive C. jejuni diarrhea developed two to
three days after the initiation of antineoplastic che-
motherapy for immunoproliferative small intestin-
al disease24 — a sequence of events that suggests
that chemotherapy exacerbated a preexisting C. je-
juni infection. Immunoproliferative small intestin-
al disease occurs almost exclusively in developing
countries where C. jejuni infection is hyperendem-
ic, often chronic, and asymptomatic.5,25-27 Finally,
antimicrobial regimens reported to be effective in
treating the disease are also active against C. jejuni
infection.5-7

Our FISH and immunohistochemical studies de-
tected C. jejuni in biopsy specimens of the small in-
testine and stomach from the index patient but not
in biopsy specimens of the intestinal lumen. This
result is in agreement with the negative stool cul-
tures and may account for the failure of previous
studies to link immunoproliferative small intestinal
disease with this organism with the use of standard
culture-based studies.5-7 Moreover, C. jejuni is mi-
croaerophilic and may exist in a viable but noncul-
tivatable state.28

Our results do not allow us to conclude that
C. jejuni is the only bacterial species associated with
immunoproliferative small intestinal disease. None-
theless, C. jejuni should be added to the growing list
of human pathogens responsible for chronic infec-
tion that are also implicated in antigen-driven im-
munoproliferative states.29-31 The association of
C. jejuni with immunoproliferative small intestinal
disease is reminiscent of the link between H. pylori
infection and gastric MALT lymphoma.29,30 How-
ever, in contrast to a previous case report8 and in
agreement with a more recent study based on a se-

ries of 21 cases,9 we found no evidence that H. pylori
is involved in the development of immunoprolifer-
ative small intestinal disease.

C. jejuni has been shown to persist in Peyer’s
patches and mesenteric lymph nodes in a gnotobi-
otic mouse model32 and to secrete a toxin, CdtB, that
mediates DNA damage.33 These properties could
be critical in the pathogenesis of immunoprolifer-
ative small intestinal disease. C. jejuni can elicit a
strong IgA mucosal response, and chronic infec-
tion with C. jejuni leads to sustained stimulation of
the mucosal immune system.26 This persistent stim-
ulation could eventually lead to the expansion of
IgA-secreting clones and to the selection of a clone
that secretes a heavy chains that has eluded anti-
body-antigen Fc-dependent down-regulation.34,35

Eradication of the antigenic source with antimicro-
bial treatment may stop the proliferation of this
lymphoplasmacytic population.

As is true for H. pylori–associated gastric MALT
lymphomas, a better understanding of the role of
C. jejuni in the pathogenesis of immunoproliferative
small intestinal disease will require further analy-
sis of mechanisms and the development of suitable
animal models. The identification of an association
between C. jejuni and immunoproliferative small in-
testinal disease may lead to improvements in the di-
agnosis, management, and prevention of this dis-
ease, at least in a subgroup of patients.
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