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Is There an Immune Deficit in
Whipple’s Disease?

WILLIAM O. DOBBINS III, MD

There is controversy as to the role of immune deficiency, if any, in Whipple’s disease. This
report summarizes published data in regard to immune function in this disease. Thirty-two
publications during the past ten years offer varying amounts of immunological data in 61
patients —50 males, 6 females, and 5 patients in whom the sex was not reported. There is
no evidence for humoral immune deficiency in these patients. Secretory immunoglobulins
are within normal limits. Intestinal mucosal plasma cells are decreased before treatment,
but are normal after treatment. There are no abnormal deposits of complement or immu-
noglobulins within the intestinal mucosa. There is no evidence for autoantibody produc-
tion. These patients invariably have lymphocytopenia prior to treatment and have a de-
creased percentage of T cells both before and after treatment. There is decreased respon-
siveness of lymphocytes to the mitogens PHA and Con A, before and after treatment. The
cutaneous response to antigens is clearly diminished before treatment, improves some-
what after treatment, but is still significantly less than that seen in normal controls. There
may be an increased association with HLA B27, which suggests that an abnormality in the

cellular immune system promotes susceptibility to the Whipple bacillus.

Whipple’s disease is a systemic illness, largely re-
ported from North America and continental Europe
in which the great majority of the patients are
middle-aged, white males. The major histological
involvement is that of macrophage infiltration of the
lamina propria of the small intestine and of its lym-
phatic drainage. The presence of periodic acid-
Schiff-positive macrophages has also been shown in
most organ systems. The consistent presence of ba-
cilli in the small intestine, lymph nodes, and other
tissues of these patients prior to treatment has been
repeatedly confirmed. The structural characteristics
of the organisms in the untreated patient, their ab-
sence after antibiotic therapy, and the uniformly
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good clinical results with antibiotics leads one in-
escapably to regard Whipple’s disease as a bacterial
disease (1). That this apparent bacterial organism
has not been cultured nor the disease reproduced in
laboratory animals represents a major challenge.
The necessity for successful culture of the bacterial
organism is becoming increasingly apparent.
Whipple’s disease in the absence of apparent in-
testinal involvement has been identified (2-5).
Thus, one can no longer rely entirely upon intestinal
biopsy in order to make a diagnosis of this disease.
Recent reports of Whipple’s disease presenting as a
central nervous system illness in the absence of in-
testinal symptoms provides increasing impetus to
culture the apparent etiologic organism, hopefully
permitting development of a serological assay for
the diagnosis of this disease (6, 7).

HISTORICAL ASPECTS

Patients with Whipple’s disease are not unusually
susceptible to ordinary viral and bacterial infec-
tions. However, there may be an unusual host sus-
ceptibility to the Whipple organism. The marked
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TABLE 1. SERUM IMMUNOGLOBULINS (MG/ML)*

Before After
A G M A G M
Barbier (16) 7.8 6.80 043 540 10.50 0.50
Berens (17) 3.40 1475  0.15
Bloch (19) 220 850 0.50
Buchholz (20) 222 12.10 0.90
Cerf (10) 10.40 10.40 3.00
2.10  7.50 0.50
10.00 12.60 0.80
500 1500 0.60
Clancy (39) 7.70 10.00 390 3.00 6.00 2.60
Cornet (24) 1.94 5.50 0.50
Douglas (25) 8.00 1.50 1.45
Groll (11) 15.00 18.50 1.20 5.90 10.00 3.00
Haeney (27) 3.58 1520 0.48 190 7.20 1.42
Kirkpatrick (12) 3.10 14.50 0.43
LeBodic (30) 9.50 15.00 1.60 3.24 14.13 1.35
: 460 13.00 080 140 400 5.8
240 6.89 0.15
Lukacs (31) 3.00 12.00 0.80
Maas (32) 3.10 9.00 0.32
Myre (34) 390 18.50 0.26
Pastor (35) 0.56 580 070 064 150 2.93
Total 103.38 202.44 1831 26.60 83.93 18.76
Mean 544 1065 0.9 3.07 933 2.08
sD +3.82 *4.37 x0.97 *1.77 =527 =173

*Results of serum immunogiobulins (mg/ml) in patients with
Whipple’s disease as reported by various authors. The refer-
ence is in parentheses. The data are tabulated in relation to
treatment, either before or after. When multiple serum immu-
noglobulin analyses were done after treatment, only the last
reported result is recorded above.

paucity of plasma cells within the intestinal lamina
propria of untreated patients with this disease was
first emphasized in 1967 (8). In 1968, Maxwell
showed decreased lymphocyte responsiveness to
phytohemagglutinin (PHA) in a patient following
treatment (9). This observation suggested that these
patients had a cell-mediated immune (CMI) deficit
rather than a humoral immune deficit. In 1970, it
was suggested independently by two groups that the
presumed cell-mediated immune defect might relate
to defective macrophage processing of the bacterial
antigen (1, 10). This observation was based upon
morphological data, and no functional studies were
done to support the morphological observations. In
1972, Groll proposed that a disorder of cellular im-
mune function permitted the rod-shaped organism
to gain a foothold in tissues and proliferate until a
state of specific immunological tolerance developed
(11). In 1978, Kirkpatrick found no evidence for
CMI deficiency in a single patient but further sup-
ported the possibility of immunological tolerance
when he noted the absence of antibody in the pa-
tient’s convalescent serum to the PAS-positive ma-
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terial in his own tissues (12). In 1979, Keren report-
ed extensive immunological studies in three pa-
tients with Whipple’s disease and found minimal
evidence for cell-mediated deficiency (13). Feurle
tested the cellular immune system in nine patients
with Whipple’s disease and found evidence (normal
mitogenic response of lymphocytes to phytohe-
magglutinin and pokeweed mitogen but decreased
response to concanavalin) suggesting a defect of a
subclass of T-cells, a defect that was more severe in
patients with active disease than in treated patients
14).

The major challenge today is still to successfully
culture the apparent etiologic organism. The second
challenge is to define the role of immune deficiency,
if any, in these patients. A summary of current pub-
lished data in regard to immune function in
Whipple’s disease should be helpful in deciding
whether there is consistent evidence for immune
deficiency in these patients and, if so, in providing
direction for future studies in order to further clarify
the immune status of these patients. Thirty-two
publications during the past ten years offer varying
amounts of immunological data in 61 patients—50
males, 6 females, and 5 patients in whom the sex
was not reported (3, 9-39). Most of these reports
have appeared since the publication of our compre-
hensive review of this disease (1). ‘

HUMORAL IMMUNITY

Table 1 lists the patient immunoglobulin levels
derived from reports. Using mean values *1 stan-
dard deviation from the laboratory of Dr. T.A.
Waldmann of the NIC, NIH (IgG 12.1 = 2.6, IgA
2.6 £ 1.1, and IgM 1.4 = 0.6 mg/ml), it can be seen
that IgG and IgM are normal before treatment,
while IgA is high. Immunoglobulin levels were nor-
mal after treatment. Immunoglobulin levels were
said to be ‘‘normal’’ in four patients studied before
and in nine patients studied after treatment (9, 15,
22,29, 33). There is one report of Whipple’s disease
in a patient with common variable hypogammaglob-
ulinemia (23).

Normal levels of secretory IgA were found in sa-
liva and in intestinal secretions in all nine patients
tested for this secretory immunoglobulin (10, 11, 25,
30). Normal levels of secretory component bound
to IgA were found in parotid and intestinal secre-
tions of the single patient tested for this, and free
secretory component was found to be present in the
intestinal secretions of the same patient (11). Immu-
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nofluorescent studies utilizing fluorescent-labeled
antibodies to IgA, IgG, and IgM to quantitate
plasma cells within the intestinal lamina propria are
reasonably consistent (9-11, 16, 20, 27, 28, 30, 37,
38). Before treatment, intestinal mucosal plasma
cells were decreased in 12 patients, normal in 5, and
increased in 1. After treatment, intestinal mucosal
plasma cells were reported to be decreased in only 4
patients and to be normal in 7 patients. No consist-
ent abnormalities in the relative proportions of the 3
classes of plasma cells were noted. Faint deposits of
complement (C3) below the epithelial basement
membrane were noted by Buchholz (20), and faint
deposits of IgG in the same location were reported
by Haeney (27). Serum complement levels (C3 in all
reports, C4 in three) were found to be normal in 5
patients prior to treatment and in 10 other patients
studied after treatment (20, 21, 27, 31, 33, 38, 39).
Very slightly decreased C3 levels were noted in a
single patient after treatment, and immuno-
fluorescent staining of the intestinal biopsy of this
patient showed faint deposits of C3 below the epi-
thelial basement membrane (20).

Serum antibodies were detected in normal titers
to streptococci, Salmonella species, E. coli, Hemo-
Dhilus influenza type B, pneumococci, Vibrio chol-
era, diphtheria, and tetanus when tested in a small
number of patients (9, 11, 20, 30, 31). A single pa-
tient had absence of serum hepatitis B surface anti-
gen (HB,Ag) prior to treatment, but was found to
have presence of HB;Ag in blood, serum, saliva,
and intestinal secretions after treatment, at which
time the liver biopsy showed evidence of subsiding
hepatitis (27). Rheumatoid factor, antinuclear anti-
body (ANA), antimitochondrial antibody (AMA),
anti-smooth-muscle antibody were found to be ab-
sent (9, 18, 20, 30, 31, 33, 36). Clancy found low
titers (1 : 10) of anti-smooth-muscle antibody and of
AMA in one patient before treatment. ANA was ab-
sent in this patient, and all assays for autoantibodies
were negative after treatment (39). LE cells have
not been detected (20, 36). Antibodies to thyroid
microsomes, thyroglobulin, parietal cells, and sali-
vary tissues were absent (9, 31). Isohemagglutinin
titers were normal (20). Serological assays for in-
fluenza, coxsackie, and psittacosis viruses were re-
ported to be negative in one patient (18).

CELLULAR IMMUNITY

Lymphocytopenia has almost invariably been
present prior to treatment, with the lymphocyte lev-
els returning to low normal levels after treatment.
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The mean of T lymphocytes was 41% in 11 patients
prior to treatment and the mean was 45% in 12 pa-
tients after treatment (12-14, 16, 27, 30, 39). A rea-
sonable normal mean for human peripheral T lym-
phocytes is 60% with a standard deviation of 10 (13,
14). Thus, the percentage of T lymphocytes, both
before and after treatment, was consistently low.
The percentage of B lymphocytes was normal be-
fore and after treatment in five patients (12, 16, 27,
28, 39). The mitogenic response of peripheral blood
mononuclear (PBM) cells (lymphocyte response) to
phytohemagglutinin (PHA) was a mean of 69% of
normal in 15 patients studied before treatment (10-
12, 14, 16, 27, 30, 31, 38, 39) and was a mean of 65%
of normal after treatment in 25 individuals (9, 11,
13, 14, 16, 27, 30, 33, 35, 38).

It should be kept in mind that this testing was
done in a variety of laboratories, utilizing various
amounts of the mitogen, generally ranging from 2.0
to 10.0 ug/ml, and testirig the mitogenic response
usually after 3 days but sometimes after 4 and 5
days. Nevertheless, all of the responses were ex-
pressed as percent of normal mean for each labora-
tory. The data suggest a consistently diminished re-
sponsiveness of lymphocytes, both before and after
treatment, to the mitogen PHA.

Other lectins, concanavalin A (Con A), and poke-
weed mitogen (PWM) were tested in a very few pa-
tients. Similar to the findings with PHA, there was
generally a decreased responsiveness of lympho-
cytes to these mitogens (12-14, 27, 30, 38). Three
réports bear closer scrutiny. Martin found a signifi-
cantly decreased response (P > 0.001) of PBM to
PHA in 7 patients with treated Whipple’s disease
and in 1 patient studied during treatment, when
compared with the response in 11 healthy adults
(33). Keren emphasized that he was able to find
minimal evidence for cell-mediated immune defi-
ciency in the three treated patients that he studied.
His data show decreased responsiveness of lym-
phocytes in these three patients to PWM, PHA, and
Con A. If one merely compares the means of the
results of 36 analyses in these 3 patients to the mean
normals reported from his laboratory, 31 of the 36
responses were decreased. If one further analyzes
this data in relation to a difference of one standard
deviation, then 27 of the 36 responses were below
the normal means for his laboratory (13). Feurle re-
ported data on 9 patients, three untreated and six
following treatment (14). Considering entire groups
(treated and untreated together), only the response
to Con A was significantly depressed (P < 0.02),
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TABLE 2. CUTANEOUS RESPONSE TO ANTIGENS*

Before After
treatment treatment
Tuberculin 5/21 7126
Candida 2/16 6/15
Trichophyton 0/8 2/17
Histoplasmin 1/5 1/10
Mumps 0/8 5/14
SKSD 1/7 1/11
DNCB 1/4 1/3
Total 10/69 13% 23/96 24%

*Tabulation of reported skin test responses in patients with
Whipple’s disease in relation to treatment. The numerator rep-
resents number of positive responses while the denominator
represents the total number of patients tested.

while Con A stimulated the patients in remission
significantly less (P < 0.04) than the controls. He
pointed out that the differing responses to PHA and
Con A may be due to differing action of the mito-
gens on suppressor and helper T cells. He inter-
preted these results to be compatible with evidence
that there is a persistent defect of T lymphocytes in
Whipple’s disease and that this impairment resides
in a subclass of T lymphocytes (14). '
‘Most of the reports cited give some information
in regard to the cutaneous response to antigens.
Thus, the data will not be referenced but are sum-
marized in Table 2. The data in Table 2 suggest that
there is a defect in cutaneous reactivity to several
antigens both before and after treatment, but con-
trol data in several studies are lacking. In two con-
trolled studies the findings were as follows: Feurle
assessed skin test antigen (trichophyton, Candida,
tuberculin, SKSD) responses in 21 male inpatients
with disease not associated with impaired delayed
hypersensitivity, a group that was matched for age
and sex with the 9 patients he studied. He found a
positive response of 33/81 (41%) in this group of
controls, no response in 3 untreated patients, and
only 4 positive responses.to 24 skin tests (17%) in 6
treated patients in remission (14). Martin assessed
cutaneous hypersensitivity in 7 patients with
treated Whipple’s disease utilizing 23 different anti-
gens and compared the results to those found in 138
control patients (3). Delayed hypersensitivity reac-
tions were significantly depressed, when compared
to control, in all 7 patients tested and 5 of the pa-
tients exhibited no delayed reactions to all 23 of the
antigens. Skin graft rejection was tested in a single
patient (11). A homograft applied before treatment
was accepted for over 4 months and a second graft
placed after 3 months of treatment was also rejected
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slowly (11). Thus, there appears to be a significant
degree of cutaneous anergy in patients with
Whipple’s disease, both before and after treatment.

HILA typing was done in 15 patients (3, 11, 12, 14,
19, 21, unpublished). Six of the 15 (40%) patients
were B27 positive. Only 10% of the general popu-
lation is B27 positive (14). The association of
Whipple’s disease with HLA B27 may be further
evidence that an abnormality in the cellular immune
system promotes susceptibility to the Whipple orga-
nism.

The histopathological response in Whipple’s dis-
ease is generally described as an infiltrative one in
which macrophages are predominant. Sometimes
the inflammatory reaction is granulomatous in na-
ture (6, 15, 19, 22, 24, 25, 32, 36, 40) and in two
patients has been described as ‘‘sarcoid-like’” (15,
36). A granulomatous response to injury, whether
bacterial or otherwise, has been taken as an in-
dication of alteration in cell-mediated immune func-
tion.

Phagocytic activity by PMN leukocytes and by
macrophages, and lymphokine production by lym-
phocytes is an area that has been generally neglect-
ed in studies of Whipple’s disease. Lukacs found a
slightly decreased index of PMN and macrophage
phagocytosis in one patient studied before treat-
ment (31). Intracellular killing of fungi by PMN leu-
kocytes was also shown to be 56% of normal (31).
No studies were done after treatment. Tytgat stud-
ied one patient after treatment and showed that
PMN chemotaxis was minimally diminished, that
PMN phagocytosis of Staphylococcus aureus was
within normal limits, and that PMN Killing of the
same organism was slightly diminished (38). Barbier
showed low secretion of migration inhibitory factor
(MIF) by lymphocytes in response to SKSD in one
patient before treatment, but showed a normal MIF
response one year after treatment (16). Decreased
macrophage adherence to glass was reported in one
patient with Whipple’s disease (22). Clancy demon-
strated normal neutrophil function and normal
serum opsonizing capacity in a single patient (39).

CONCLUDING REMARKS

The evidence supporting immunodeficiency ob-
tained in patients prior to treatment must be dis-
counted. Severe malnutrition and partial obstruc-
tion of intestinal mucosal lymphatics could account
for all of the observed changes in immune function
in the untreated patient. Further, transient anergy is
the normal immune response to some infections
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(41). There may be a subtle defect of cell-mediated
immune function in the treated patient. The
Whipple bacillus may be an intracellular pathogen,
similar to Listeria monocytogenes, salmanellae,
and brucellae. Unlike pyogenic bacteria, which af-
ter phagocytosis are rapidly digested by the macro-
phage, intracellular pathogens survive inside the
macrophage, unless the macrophage is activated.
The immune response to intracellular pathogens re-
quires interaction between T cells and macro-
phages, resulting in production of lymphocyte me-
diators requiring a two-stage interaction (42). Ex-
ploration of this aspect of macrophage-lymphocyte
interaction may be a fruitful area for investigation in
Whipple’s disease. Production of lymphokines, es-
pecially macrophage activating factor, should be
explored. If there is indeed an abnormality in cellu-
lar immune function in these patients, it may reside
in a subset of T cells as pointed out by Feurle (14).
The function of immunoregulatory T cells should be
studied (43), and the role of T cell regulation of the
immune response as it relates to the mucosal im-
mune system should be explored (44).

REFERENCES

1. Maizel H, Ruffin JM, Dobbins WO III: Whipple’s disease: A
review of 19 patients from one hospital and a review of the
literature since 1950. Medicine 49:175-205, 1970

2. Feurle GE, Yolk B, Waldherr R: Cerebral Whipple’s disease
with negative jejunal histology. N Engl J Med 300:907-908,
1979

3. Winfield J, Dourmashkin RR, Gumpel JM: Diagnostic diffi-
culties in Whipple’s disease. J R Soc Med 72:859-863, 1979

4. Mansbach CM II, Shelburne FA, Stevens RD, Dobbins WO
III: Lymph node bacilli-form bodies resembling those of
Whipple’s disease in a patient without intestinal in-
volvement. Ann Intern Med 89:64-66, 1978

5. Finelli PF, McEntee WJ, Lessel S, Morgan TF, Copetto I:
Whipple’s disease with predominantly neuroophthalmic
manifestations. Ann Neurol 1:247-252, 1977

6. Silbert SW, Parker E, Horenstein S: Whipple’s disease of
the central nervous system. Acta Neuropathol 36:31-38,
1976

7. Switz SM, Casey TR, Bogaty GV: Whipple’s disecase and
papilledema. Arch Intern Med 123:74-77, 1969

8. Dobbins WO II, Ruffin JM: A light and electron microscop-
ic study of bacterial invasion in Whipple's disease. Am J
Pathol 51:225-242, 1967

9. Maxwell JD, Ferguson A, McKay AM, Imrie RC, Watson
WC: Lymphocytes in Whipple’s disease. Lancet 1:887-889,
1968

10. Cerf M, Hurez D, Marche CL, Debray C: Etude des plasmo-
cytes de L’intestin grele au cours de la maladie de Whipple.
Presse Med 48:2127-2129, 1970

11. Groll A, Valberg LS, Simon JB, Eidinger D, Wilson B, Fors-
dyke DR: Immunological defect in Whipple’s disease. Gas-
troenterology 63:943-950, 1972

Digestive Diseases and Sciences, Vol. 26, No. 3 (March 1981)

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Kirkpatrick PM, Kent SP, Minas A, Pritchett P: Whipple’s
disease: A case report with immunological studies. Gastro-
enterology 75:297-301, 1978

Keren DF, Weinrieb IF, Bertovich MJ, Brady PG:
Whipple’s disease—immunological studies. Gastroenterolo-
gy 77:991-996, 1979

Feurle GE, Dérken B, Schépf E, Lenhard V: HLA B27 and
defects in the T-cell system in Whipple’s disease. Eur J Clin
Invest 9:385-389, 1979

Babaryka I, Thorn L, Langer E: Epitheloid cell granulomata
in the mucosa of the small intestine in Whipple’s disease.
Virch Arch A Pathol Anat Histol 382:227-235, 1979
Barbier P, Balasse-Ketelbant, P, Kennes B: Maladie de
Whipple—etude electronique et immunologique. Arch Fr
Mal Appl Dig 64:659-666, 1975

Berens SC, Cohen RA, Schwabe AD: Case Reports: Diag-
nostic problems of partially treated Whipple’s disease. Calif
Med 110:477-481, 1969

Bienveno P, Groussin P, Metman EG, Medelsi M, Morand
P: Maladie de Whipple avec localisations cardiaques. Ann
Cardiol Angeiol 25:207-216, 1976

Bloch HM, Hammersma T, Vorster L, Ziady F: Whipple’s
disease—a case report. S Afr Med J, 1105-1110, 1978
Buchholz K, Maintz J, Otto HF: Klinisch-immunologische
und electronenmikroskopishe Untersuchungen bei Morbus
Whipple. Klin Wochenschr 52:672-677, 1974

Canoso JJ, Saini M, Harmos JA: Whipple’s disease and an-
klylosing spondylitis simultaneous occurrence in HLA-B27
postive male. J Rheumatol 5:79-84, 1978

Case Records of the Massachusetts General Hospital (Case
35-1971). N Engl J Med 285:567-575, 1971

Cochran M, Gallagher JC, Cook MG, Peacock M: Case Re-
ports: Hypogammaglobulinemia with Whipple’s disease.
Postgrad Med J 49:355-358, 1973

Cornet A, Barbier J, Henry-Barbaud E, Malvy JP, Benisty J,
Carnot F: Maladie de Whipple—Localisations gran-
ulomateuses hepatiques decelees par ponction-biopse due
foie. Ann Med Intern 127:139-146, 1976

Douglas AP, Crabbe PA, Hobbs JR: Immunochemical stud-
ies of the serum intestinal secretions and intestinal mucosa
in patients with adult celiac sprue disease and other forms of
the celiac syndrome. Gastroenterology 59:414-425, 1970
Elsborg L, Gravgaard E, Jacobsen NO: Treatment of Whip-
ple’s disease with sulphamethoxazole-trimethoprim. Acta
Med Scand 198:141-143, 1975

Haeney MR, Ross IN: Whipple’s disease in a female with
impaired cell-mediated immunity unresponsive to co-trim-
oxazole and levamisole therapy. Postgrad Med J 54:45-50,
1978

Keren DF, Weisburger WR, Yardley JH, Salyer WR, Arthur
RR, Charache P: Whipple’s disease: Demonstration by im-
munofluorescence of similar bacterial antigens in macro-
phages from three cases. Johns Hopkins Med J 139:51-59,
1976 )

Lamberty J, Varela PY, Font RG, Jarvis BW, Coover I:
Whipple’s disease—light and electron microscopy study.
Arch Pathol 98:325-330, 1974

LeBodic MF, Delumeau G, Hamza H, Prost A, Leportz J,
Lenne Y, Mussini-Montpellier J: Aspects immunologiques
de la maladie de Whipple. Gastroenterol Clin Biol 1:9-21,
1977

Lukacs G, Dobi S, Szabo M: A case of Whipple’s disease

251



32.

33.

34.

35.

36.

37.

with repeated operations for ileus and complete cure. Acta
Hepato-Gastroenterol 25:238-242, 1978

Maas LC, Liu H, Gelzayd EA: Inferior vena cava obstruc-
tion in Whipple’s disease-—association with retroperitoneal
lymphadenopathy. J Am Med Assoc 236:856-857, 1976
Martin FF, Vilseck J, Dobbins WO III, Buckley CE III,
Tyor MP: Immunological alterations in patients with treated
Whipple’s disease. Gastroenterology 63:6~18, 1972

Myhre E, Skrede S, Gjone E: Dermatitis herpetiformis en-
teropathy and Whipple’s disease. Acta Med Scand 188:301-
302, 1970

Pastor BM, Geerken RG: Whipple’s disease presenting as
pleuropericarditis. Am J Med 55:827-831, 1973

Rodarte JR, Garrison CO, Holley KE, Fontana RS:
Whipple’s disease simulating sarcoidosis. Arch Intern Med
129:479-482, 1972

Tauris P, Moesner J: Whipple’s disease—clinical and histo-
pathological changes during treatment with sulphamethoxa-
zole-trimethoprim. Acta Med Scand 204:423-427, 1978

252

38.

39.

40.

41.

42,

43.

DOBBINS

Tytgat GN, Boogendijk JL, Agenant D, Schellekens PT:
Etiopathogenetic studies in a patient with Whipple’s disease.
Digestion 15:309-321, 1977

Clancy R, Muckle TJ, de Jesus D, Stevens D: Character-
istics of the immune response in a patient with Whipple’s
disease. Aust NZ J Med 7:294-298, 1977

Schochet SS Jr, Lampert PW: Granulomatous encephalitis
in Whipple’s disease. Electron microscopic examinations.
Acta Neuropathol 13:1-11, 1969

Kantor FS: Infection, anergy and cell-mediated immunity. N
Engl J Med 292:629-634, 1975

Unanue ER: The regulation of lymphocyte functions by the
macrophage. Immunol Rev 40:227-255, 1978

Reinherz EL, Rubinstein A, Geha RS, Strelkauskas AJ, Ro-
sen FS, Schlossman SF: Abnormalities of immuno-
regulatory T cells in disorders of immune function. N Engl J
Med 301:1018-1022, 1979

. Elson CO, Heck JA, Strober W: T-cell regulation of murine

IgA synthesis. J Exp Med 149:632-643, 1979

Digestive Diseases and Sciences, Vol. 26, No. 3 (March 1981)



