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SUMMARY The distributions of ABO, rhesus, and Lewis blood group antigens were studied in
patients with alcoholic cirrhosis, alcoholic pancreatitis, chronic active hepatitis, and primary.
biliary cirrhosis. There were no differences in frequencies of ABO and rhesus blood group

antigens between the groups or in comparison with a control group of blood donors. Lewis
phenotype Le (a- b-), however, was more common on erythrocytes than in saliva in patients
with alcoholic cirrhosis, alcoholic pancreatitis, and severe renal disease but equally common in
saliva and on red blood cells in patients with non-alcoholic liver disease. It is suggested that Lewis
typing should be performed on saliva because blood typing may give misleading results in some
patients.

During studies of possible genetic predispositions to
alcohol induced organ damage blood group ABO,
rhesus, and Lewis typing was performed on patients
with alcoholic liver cirrhosis and alcoholic pan-
creatitis. Patients with chronic active hepatitis,
primary biliary cirrhosis, and severe renal disease
were also studied to observe the effect of liver dam-
age or severe disease per se on the occurrence of
Lewis antigens.

Patients and methods

PATIENTS
1 Fifty one men and 10 women with presumed
alcoholic cirrhosis. The diagnosis of cirrhosis was
based on findings at liver biopsy or necropsy in 31
men and five women. In the remaining cases the
clinical and laboratory criteria for diagnosis were:
(a) hepatomegaly, spider naevi, palmar erythema,
and ascites, of which at least two were fulfilled;
(b) serum bilirubin above 60 AmolIl, coagulation
factors II, VII, and X less than 40% of normal, and
serum albumin less than 30 g/l, of which at least one
was fulfilled. In all patients a history of excessive
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alcohol intake for many years was given, and the
clinical course did not indicate malignant disease as
the primary cause of the liver dysfunction.
2 Thirty three men with presumed alcoholic pan-
creatitis. The diagnosis of pancreatitis was based on
a typical history, absence of evidence of other causes
of the symptoms, and increased serum or urinary
amylase values. The patients were admitted to hos-
pital because of an acute attack following a period of
heavy alcohol abuse.
3 Seven men and 15 women with chronic active
hepatitis. The diagnosis was based on liver biopsy in
all patients. All sera gave negative test results for
hepatitis B surface antigen. Nine patients were posi-
tive for antinuclear or smooth muscle antibodies.
4 Four men and 21 women with primary biliary
cirrhosis. The diagnosis was based on liver biopsy
with a positive test for antimitochondrial antibodies
in all patients.
5 Two hundred and ninety seven patients with
severe chronic renal disease, requiring dialysis in
most patients, were included for comparison of
Lewis antigen frequency.
6 Ninety seven unrelated healthy relatives of the
patients with renal disease (43 men, 54 women),
representing normal subjects, were also included for
comparison of Lewis antigen frequency.
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Blood group Lewis phenotype on erythrocytes and in saliva

METHODS
ABO and rhesus blood grouping. ABO and rhesus
antigens were identified using standard blood group-

ing techniques.
Screening for irregular antibodies. Sera were tested
for the presence of irregular antibodies (that it,
Lewis antibodies) using standardised screening cells
and at least two different well established techni-
ques.

Lewis blood groupinig. Determination of the Lewis

phenotype on erythrocytes was carried out using
goat anti-Lea antiserum and human anti-Leb anti-
serum (Biotest Serum Institute. Frankfurt/M, West
Germany). The typing procedure was performed at

least twice on each blood sample and always with
appropriate positive and negative controls. When
divergent results were obtained in two tests the
results obtained in two out of three tests were

accepted. Determination of Lewis antigens in saliva
was performed as follows. A few millilitres of saliva
was collected from the patients. The saliva was

boiled for 10 min, centrifuged, and the supernatant

analysed immediately or frozen at -20°C. Determi-
nation was performed by a haemagglutination inhi-
bition technique using serial dilutions of saliva in
saline. '

Te.sts for the presence of Lewis antigens in
.serum. Adsorption of possible Lea or Leb antigens
from serum on red blood cells was performed as

described elsewhere.2 The erythrocytes used for
adsorption were standard test cells of the 0 Le
(a-b-) type. The presence of adsorbed Lewis anti-
gens was tested with a conventional haemagglutina-
tion technique (see above). Sera from healthy blood
donors of the A Le (a-b+) and A Le (a-b-) types

were used as positive and negative controls, respec-

tively.
Secretor status. Detection of H substance in saliva
was performed by a haemagglutination inhibition
technique' using extract of Ulex europaeus (Dade
Division American Hospital Supply Corporation,
Miami, Florida).

STATISTICAL ANALYSIS
Student's t test was used for comparison of means

and x2 analysis for comparison of frequencies. The
level of significance was 5%.

Results

A significantly increased prevalence of the red cell

phenotype Le (a-b-) was found in the alcoholic
cirrhosis, alcoholic pancreatitis, and renal disease

groups as compared with normal controls (Table 1).
In addition, the patients with alcoholic cirrhosis had

a higher prevalence of Le (a-b-) than the renal

disease group, and the patients with primary biliary
cirrhosis had higher prevalence of Le (a+b-) than

the renal disease group.
The study originally included only patients with

alcoholic cirrhosis or acute pancreatitis. When it

became apparent that these patients often had no

detectable Lewis antigens (phenotype Le (a-b-))
on their red blood cells, it became of interest to

determine whether they also lacked Lewis antigens
in saliva and to include patients with other chronic
liver diseases (chronic active hepatitis and primary
biliary cirrhosis). Unfortunately, by that time many
of the patients with alcoholic cirrhosis and alcoholic

pancreatitis originally studied were no longer alive

or willing to cooperate. Thus Lewis antigens were

determined in the saliva of only 33 men and 10

women with alcoholic cirrhosis, 17 patients with

alcoholic pancreatitis, and in all patients with

chronic active hepatitis or primary biliary cirrhosis.
There were no significant differences between the

tested groups in the prevalence of secretors or of

Lewis phenotypes in saliva (Table 2). A comparison
of the results of blood and saliva testing performed
in the same patient showed a significantly higher
frequency of the Le (a-b-) phenotype on red

blood cells compared with saliva in patients with

alcoholic cirrhosis or alcoholic pancreatitis (Table
3). Routine antibody screening showed no anti-

Lewis antibodies in the sera of patients with the Le

(a-b-) phenotype.
Sera from some patients typed as Le (a-b-) on

red blood cells but Le (a-b+) or Le (a+b-) in

saliva were tested for their ability to coat Le (a-b-)

Table I Prevalence of Lewis antigens on red blood cells

No of patients Le (a -b -) Le (a+b-) Le (a-b+)

Alcoholic cirrhosis
Men 51 28 (55%)* 5 (10%)* 18 (35%)*
Women 10 5 (50%)* 1 (10%) 4 (40%)

Alcoholic pancreatitis 33 12 (36%)* 5 (15%) 16 (49%)
Chronic active hepatitis 22 4 (18%) 5 (23%) 13 (59%)
Primary biliary cirrhosis 26 4 (15%) 9 (35%) 13 (50%)
Renal disease 297 68 (23%) 47 (16%) 182 (61%)
Normal controls 97 13 (13%) 20 (21%) 64 (66%)

*Significant difference compared with normal controls.
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Table 2 Prevalence of Lewis antigens in saliva and secretor status

No ofpatients Le (a-b-) Le (a+b-) Le (a-b+) Secretor

Alcoholic cirrhosis
Men 33 5 (15%) 9 (27%) 19 (58%) 21 (64%)
Women 10 0 4 (40%) 6 (60%) 7 (70%)

Alcoholic pancreatitis 17 2 (12%) 4 (24%) 11 (64%) 12 (71%)
Chronic active hepatitis 22 1 ( 4%) 5 (23%) 16 (73%) 16 (73%)
Primary biliary cirrhosis 26 5 (19%) 8 (31%) 13 (50%) 15 (58%)

Table 3 Comparison ofprevalence of Lewis antigens in saliva and on red blood cells of the same individual

No of patients Le (a-b-) Le (a+b-) Le (a-b+)

Alcoholic cirrhosis
Men

Saliva 33 5 (15%) 9 (27%) 19 (58%)
Blood 15 (46%)* 5 (15%) 13 (39%)

Women
Saliva 10 0 4 (40%) 6 (60%)
Blood 5 (50%) 1 (10%) 4 (40%)

Alcoholic pancreatitis
Saliva 17 2 (12%) 4 (24%) 11(64%)
Blood 10 (59%)* 2 (12%) 5 (29%)'

Chronic active hepatitis
Saliva 22 1 ( 5%) 5 (23%) 16 (72%)
Blood 4 (18%) 5 (23%) 13 (59%)

Primary biliary cirrhosis
Saliva 4 (15%) 9 (35%) 13 (50%)
Blood 26 4 (15%) 9 (35%) 13 (50%)

*Significant difference between saliva and blood.

cells with the corresponding Lewis antigen. Of four plasma is unknown, but small intestinal epithelia has
sera tested from different patients, three had this been suggested.5 6 The fact that the Lewis antigens
ability. are not synthesised per se on erythrocytes but are
No significant differences were found in the pre- taken up from plasma means that the Lewis

valence of ABO or rhesus blood groups (Table 4) phenotype on red cells is not solely dependent on
between the tested groups. the genotype but also on a number of factors

influencing the availability of glycosphingolipid
Discussion antigens in plasma for uptake and on the uptake

process itself. This implies that the same genotype
The method used for blood group Lewis phenotyp- can give rise to various phenotypes which differ on a
ing of erythrocytes is a conventional direct haemag- quantitative basis. As the direct haemagglutination
glutination test' using commercial antisera and technique has a detection limit dependent on the
appropriate positive and negative controls. The number of antigens present and antibody avidity it is
commercial anti-Leb antisera were of the anti-LebL quite possible to assign the phenotype Le (a-b-) to
type' as they detected the Leb antigen regardless of an individual who has the Lewis gene but only a
ABO type. To produce an agglutinate, an antiserum limited number of Lewis antigens on the erythro-
of good avidity is required as well as a sufficient cyte. The Lewis antigens in saliva are glycopro-
number of antigens on the red cell. The Lewis anti- teins, 7 and are probably not influenced by the same
gens on erythrocytes are glycosphingolipids3 and are factors that influence the Lewis phenotype on
not primarily synthesised on the red cell but are erythrocytes.
absorbed from plasma, where they are transported The discordant results of the Lewis phenotyping
by lipoproteins.4 The origin of the Lewis antigens in on red blood cells and saliva found in the alcoholic

Table 4 Prevalence ofABO and rhesus blood groups in the different groups

No ofpatients A B 0 AB Rh+ Rh-

Alcoholic cirrhosis
(Men) 51 29 (57%) 5 (10%) 16 (31%) 1 (2%) 41 ( 80%) 10 (20%)

Alcoholic cirrhosis
(Women) 10 6 (60%) 4 (40%) 10 (100%)

Alcoholic pancreatitis 34 19 55%) 7 (21%) 7 (21%) 1 (3%) 32 ( 94%) 2 ( 6%)
Chronic active hepatitis 22 10 45o) .1 ( 5%) 11 (50%) 0 16 ( 73%) 6 (27%)
Primary biliary cirrhosis 26 11 42%) 1 (4%) 12 (46% 2 (8%) 24 (96%) 1 ( 4%
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Blood group Lewis phenotype on erythrocytes and in saliva

cirrhosis, alcoholic pancreatitis, and renal disease
patient groups may therefore be interpreted as an

influence on the genetic expression rather than a

genetic predisposition. Although only a limited
number of adsorption experiments were performed
using sera from patients who were Lewis positive in
saliva but negative on red blood cells, the results of
these experiments indicate the presence of Lewis
substances in their sera.

In an attempt to elucidate the mechanisms
responsible for the discordance between blood and
saliva we compared some clinical and laboratory
data obtained from the records in the men with
alcoholic cirrhosis or alcoholic pancreatitis showing
concordant and discordant results of Lewis antigen
test on saliva and red blood cells. Patients with Le
(a-b-) phenotype in both saliva and blood were

omitted from this comparison. The chosen data were

thought to give some information regarding
haemodilution, degree of liver and pancreatic dam-
age, and influence of recent alcohol abuse. The
number of days in hospital was used as a measure of
duration of alcohol abstinence. (Table 5). The pre-

valence of increased serum aminotransferases was

used to show the frequency of liver disturbance in
the alcoholic pancreatitis group, although it was

generally slight and of short duration.
The discordant results of the Lewis phenotyping

on saliva and blood cells are apparently not due to
liver damage, since it was not found in patients with
primary biliary cirrhosis and was equally common in
alcoholic pancreatitis patients with and without
increased serum aminotransferases. Furthermore,
patients with discordant results did not seem to have
more pronounced liver damage than patients with
concordant results, judged from the levels of serum
bilirubin, coagulation factors II, VII, and X, serum

albumin, and the presence of ascites.
The increased prevalence of the phenotype Le

(a-b-) in blood in patients with renal disease, as
well as in pregnant women,5 suggests a reduced
amount of Lewis antigens on the red blood cells.
Since a normal frequency of phenotype Le (a-b-)
was found post partum, Hammar et a15 suggested
that a change in lipoprotein to red cell mass ratio
might produce such a reduction.

It it well known that alcoholism induces an

abnormal lipid metabolism, and changes in tri-
glyceride and high density lipoprotein (HDL)
cholesterol concentrations during abstinence have
been described. There are raised levels of tri-
glycerides and HDL cholesterol during the first days
of abstinence, which in most cases return to normal
or even subnormal values during the second week of
abstinence.8!'- Lipid abnormalities are also found in
acute pancreatitis." Whether such changes in serum
lipids influence the uptake of Lewis antigen on red
blood cells is speculative and-cannot be deduced
from this study.

Liver cirrhosis may be associated with increased
plasma volume also when there are no clinical signs
of fluid retention.'2 The comparison of haemoglobin
concentration as an indicator of haemodilution in
patients with concordant and discordant results of
Lewis phenotyping gave no support for haemodilu-
tion being of importance (Table 5). Finally, a com-

parison of the number of days in hospital before the
blood samples were drawn, as a measure of the
duration of abstinence, gave no support for a direct
effect of alcohol as the cause of a reduced amount of
Lewis antigens on the red blood cells (Table 5).
These present results indicate that conventional

blood group typing using a haemagglutination tech-
nique may be misleading in certain patient groups as

well as under certain physiological conditions.:
Antisera of higher quality, possibly monoclonal,
may diminish the number of missed Lewis positive
individuals but will probably never be completely

Table 5 Comparison ofpatients with concordant and discordant results ofLewis antigen test on saliva and red blood cells

Alcoholic cirrhosis Pancreatitis

Concordance Discordance Concordance Discordance

Haemoglobin concentration (g/dl) 12-2 + 19 (16) 12-1 1-6 (7) 13-1 1-7 (6) 13-6 10 (8)
Serum bilirubin (,umol/l) 83 ± 103(17) 34 ± 15 (10) 15 ± 5 (6) 16 ± 8(9)
Coagulation factors II, VII, X () 44 17 (17) 48 16 (10) 90 ± 22 (3) 85 ± 30(7)
Serum creatinine (,umol/l) 94 ± 40(17) 105 + 43 (10) 78 + 15 (5) 72 ± 14 8)
Erythrocyte sedimentation rate (mm in

the first hour) 39 ± 26 (16) 28 ± 21 (8) 18 ± 14 (6) 26 ± 24 (9)
Urine amylase (Akat/l) - - 67 + 32 (6) 112 ± 45 (9)
Prevalence of ascites (%) 59 (17) 80 (10) 0 0
Prevalence of increased serum

aminotransferases (%) - - 50 44
Serum albumin (gil) 29 ± 6 (12) 30 ± 8 (6) - -

No of days in hospital before blood
sampling 17 ± 12 (13) 12 ± 11 (7) 6*t 4 (9) 4± 3 (9)

Numbers in parentheses = number of patients.
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safe. Lewis typing using saliva seems to be a safer
but perhaps more laborious method to overcome
this problem.
Our data from the determination of ABO blood

group and rhesus antigens showed no differences
between patients with alcoholic cirrhosis, alcoholic
pancreatitis, chronic active hepatitis, and primary
biliary cirrhosis. As far as the patients with alcoholic
cirrhosis are concerned, previous studies have
shown normal distributions of ABO blood group
and rhesus antigens in these patients'3 1' but Marks
and Bank found an increased frequency of blood
group 0 in patients with alcoholic pancreatitis.'5

Part of this work was supported by a grant from the
Swedish Medical Research Council (no 6521).
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