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The microbial flora and some of its metabolites and enzymes in the stomach were
compared in patients with achlorhydria, pernicious anaemia, and primary hypogammaglobulinaemia and in patients with dyspepsia with normal gastric acidity. Detailed analysis of the
flora of the gastric juice and of the mucosa from the antrum, body, and fundus in six patients with
hypogammaglobulinaemia (mean pH 8.2), seven patients with pernicious anaemia (mean pH
7.3), and five patients with dyspepsia (mean pH 1.9) yielded 22 different genera of bacteria,
mainly from the patients with achlorhydria, the most common being streptococci, micrococci,
staphylococci, veillonella, and lactobacilli. A similar flora was found associated with the mucosa
at all three sites. Various metabolites were also looked for. , Glucoronidase and C,4 lipase were
found in patients with hypogammaglobulinaemia but not in those with pernicious anaemia or dyspepsia. Volatile fatty acids were not found. Relatively high concentrations of ethanol were found
in the patients with hypogammaglobulinaemia compared with those with pernicious anaemia (p
= 0.02). Similar concentrations of dimethylamine were found in all three groups, but the concentrations of trimethylamine were much higher in patients with pernicious anaemia and
hypogammaglobulinaemia.
The high concentrations of some microbial enzymes and ethanol differentiated the group with
hypogammaglobulinaemia from the rest, and these may bear some relation to the high incidence
of gastric cancer in patients with hypogammaglobulinaemia.
SUMMARY

Considerable interest in the microbial flora of the
achlorhydric stomach,'-' followed the suggestion
that carcinogenic nitrosamines may be formed at
near neutral pH by the bacterial reduction of dietary
nitrates to nitrites, with subsequent N nitrosation of
secondary amines.9 This theory may explain the
increased incidence of gastric cancer in patients with
achlorhydria, especially those with pernicious
anaemia or hypogammaglobulinaemia. Most of the
work has been concentrated on analysis of the bacterial flora and nitrate and nitrite concentrations of
gastric juice' 7-9; little attention has been paid to the
microbial flora associated with the mucosa in different regions of the stomach. Possibly, metabolites
produced at the mucosal surface are more important
than those produced in the lumen. In addition, the
presence of amines, cocarcinogens, or other possible

markers of disease have rarely been looked for.
We performed a detailed analysis of the microbial
flora of the gastric juice and gastric mucosal flora at
three different sites in patients with achlorhydria and
hypogammaglobulinaemia or pernicious anaemia.
The findings were compared with those obtained in
a group of subjects with low gastric pH values. The
gross microbial findings are presented in brief
elsewhere.' In addition, the juices were analysed for
the presence of various enzymes, short chain fatty
acids, amines, and alcohols. The aim of these later
investigations was to identify and measure those
amines that might affect the formation of nitrosamines and to determine whether there were other
microbial metabolites present that could allow us to
differentiate between the groups of patients.
Material and methods
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Three groups of patients, described in detail else946
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where,' were investigated. Six adult patients with
primary hypogammaglobulinaemia of late onset,
known to have pentagastrin fast achlorhydria, were
studied. Five of these patients were receiving weekly
replacement treatment with gammaglobulin. Only
one patient had taken antibiotics (amoxycillin and
flucloxacillin) within a week of the investigation.
The second group comprised seven patients with
typical pernicious anaemia responsive to vitamin
B,2 who were also unable to produce stomach acid
after an injection of pentagastrin. Both these groups
underwent routine endoscopy as a screening procedure for early gastric carcinoma; they had given
informed consent for the procedures outlined below.
The third group comprised five patients who underwent endoscopy for dyspepsia but who were subsequently considered not to have significant disease.
COLLECTION OF GASTRIC JUICE AND BIOPSY
MATERIAL

Samples of gastric juice were collected at endoscopy
as described previously' and stored frozen at - 30°C
as a 1:10 dilution in glycerol broth for bacteriological analysis'0 and neat for biochemical analysis.
Biopsies from the antrum, body, and fundus
obtained during this investigation were individually
placed into 4-5 ml volumes of glycerol broth, transferred to an anaerobe cabinet (Forma Scientific,
Ohio) within 10 minutes of collection, washed three
times with 5 ml of a brain heart infusion broth:
physiological saline mix (1:1), and then placed in a
preweighed bijou containing 2 ml glycerol broth.
These were reweighed, the weight of the biopsy
(about 10 mg) was determined, and they were then
rapidly frozen and stored at -30°C.
BACTERIOLOGICAL INVESTIGATIONS

Biopsies and juice were thawed in the anaerobe
cabinet. Tissue was homogenised with sterile glass
grinders in the suspending fluid, and these and the
juice diluted 10-fold over six steps in prereduced
brain heart infusion (Oxoid) with added reducing
agents and growth factors." Quantitative estimates
were made according to the method of Miles and
Misra.'2 To detect small numbers a spread plate of
0*1 ml of the lowest dilution was made. The following range of media were used: reinforced clostridial
agar (Oxoid) with 7-5% horse blood for anaerobes;
Columbia agar (Oxoid) with 5% horse blood for
aerobes; selective media for bacteroides, veillonella
and bifidobacteria," lactobacilli,'3 streptococci'4;
and MacConkey medium (Oxoid) for enterobacteriaceae. For the specific isolation of clostridia
treatment with ethanol was used to select for
spores'5 and the treated suspensions seeded on to a
medium containing egg yolk.'6
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All agar media for the isolation of anaerobes were
prereduced and after inoculation incubated in an
atmosphere of 10% carbon dioxide, 10% hydrogen,
and 80% nitrogen, at 37°C for five days in an
incubator housed in an anaerobe cabinet. MacConkey agar medium was incubated at 37°C in air overnight. All other media were incubated at 37°C in
candle jars for two days. Organisms were identified
by standard criteria, including analysis of the volatile
fatty acid end products of metabolism by gas-liquid
chromatography.'7 Triplicate mean counts were
determined and the results recorded as the log,0
number of organisms/ml or g.
GAS CHROMATOGRAPHIC ANALYSIS OF GASTRIC
JUICE

Undiluted samples were analysed on a Varian 3700
chromatograph with dual flame ionisation detectors.
In all cases glass columns five feet long with an
internal diameter of 2 mm were used. To detect
amines the column was soaked overnight in 2M
potassium hydroxide, dried without rinsing, packed
(leaving a 7 cm gap at the top) with 4% Carbowax
20M10 8% potassium hydroxide coated on to Carbopak B (Supelco Inc, Chromatography Services,
Carr Lane Industrial Estate, Hoylake, Wirral,
Merseyside), and plugged at both ends with glass
wool that had been soaked in potassium hydroxide.
The column was conditioned by heating to 220°C
overnight, then injecting 30 x 10 ,ul aliquots of distilled water at intervals of one minute before reducing the temperature. Working conditions were:
injector 220°C, detector 250°C, column 70°C (for
five minutes), rising at 7°C/min to 135°C (for 20
minutes), carrier gas nitrogen 23 ml/min, and
attenuation 8 x 10-'2/amps/mv. Volumes of 0-1 IlI
were coinjected on to the column with equal
volumes of 0-2M potassium hydroxide. Standard
solutions of dimethylamine (10-8 uglml), retention
time 1-98 minutes, and trimethylamine (18-5 ,ug/ml),
retention time 3*29 minutes, were also run and the
amine content of the samples estimated by comparing peak heights with these external standards.
Ethanol was detected by use of Chromosorb 103
(Phase Separations Ltd, Deeside Industrial Estate,
Queensferry, Clwyd). The column was washed with
10% hydrochloric acid and 2M sodium hydroxide
before packing. Working conditions were: injector
110°C, detector 180°C, column 105°C (for five
minutes), rising at 10°C/min to 165°C, carrier gas
nitrogen 23 mlmin, attenuation 32 x 10-'2/amps/
mv. Volumes of 1 ,ul were coinjected on to the
column with an equal volume of 0-05M sodium
hydroxide. The ethanol content of samples was
estimated by comparing integrated peak areas with
those of a standard solution of ethanol (71 ,ug/ml).
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Standard solutions of ethanol gave a linear response
from 10 ,g/ml to 1000 ,ug/ml.
Volatile fatty acids were detected by use of
Chromosorb 101 (Phase Separations Ltd) pretreated by the method of Barrett et al.'8 The column
was washed with 10% hydrochloric acid before
packing. Working conditions were: injector 180°C,
detector 200°C, column 170°C, carrier gas nitrogen
23 m/min, and attenuation 4 x 10- "/amps/mv.
One ,ul of sample was coinjected on to the column
with an equal volume of 0 1% formic acid.
MEASUREMENT OF GASTRIC JUICE pH

Immediately after sampling the pH of the gastric
juice was measured with a microglass electrode (Pye
Unicam model 290) calibrated against standard buffers. In one of the patients with pernicious anaemia
the pH was measured after storage.

Borriello, Reed, Dolby, Barclay, Webster
Statistical analysis The data were analysed by
the method of Hill and Peto,'9 which is suited to
analyses of small numbers of results.
Results
pH VALUES OF GASTRIC JUICE

The pH of the gastric juice was alkaline in all six of
the patients with hypogammaglobulinaemia, with a
mean value of 8-2 (range 7-8 to 8.4). All of the
patients with pernicious anaemia had achlorhydria
with pH values close to neutral, with a mean value of
7-3 (range 6-8 to 7.5). The five patients with dyspepsia in the group for comparison had acid gastric juice
of mean pH 1-9 (range 1-3 to 3.4). The gastric pH
values of the patients with hypogammaglobulinaemia were significantly higher than those of
the patients with pernicious anaemia (p = 0-001).

DETECTION OF GASTRIC JUICE ENZYMES

BACTERIAL FLORA

The undiluted gastric juices were screened for the
presence of acid and alkaline phosphatase, C4 esterase, C8 esterase lipase, C,4 lipase, leucine, valine and
cystine arylamidase, trypsin, chymotrypsin, phosphoamidase, a and ,8 galactosidase, ,3 glucuronidase,
and /8 glucosidase, N acetyl glucosaminidase,
mannosidase, and fucosidase by use of the API
Zym system (API Laboratory Products Ltd, Basingstoke, Hampshire) according to the manufacturer's
instructions.

A great variety of different micro-organisms were
isolated from the juices and mucosal biopsies of the
stomachs of the patients with achlorhydria (Table
1). In general, the most commonly found bacteria
were veillonella, lactobacilli, and facultative Gram
positive cocci such as streptococci, micrococci, and
staphylococci (Table 1). Klebsiella were found in
the stomachs of five of the seven patients with pernicious anaemia, but in only one with hypogammaglobulinaemia (Table 1). Escherichia coli was not

a

a

a

Table 1 Micro-organisms isolated from all sites in stomach (figures are numbers ofpatients)
Micro-organism

Gram positve cocci:

Aerobic streptococci
Anaerobic streptococci
Micrococci
Staphylococci
Gram negatve cocci:
Neisseria
Veillonella
Gram positve rods:
Lactobacilli
Diptheroides

Bifldobacteria
Eubacteria
Clostridia
Bacilli
Propionibacteria
Gram negative rods:
Klebsiella
Pseudomonas
Haemophilus
Bacteroides
Fusobacteria
Citrobacter
Alcaligenes
Proteus
Hafnia
Yeasts

Patients with hypogammaglobulinaemia

(n =6)

Patients with pernicious anaemia
(n =7)

Group with low pH
(n= 5)

6
1
6
6

7
1
6
5

3
0
2
5

2
6

1
7

0
1

5
2
4
1
0
0
1

6
4
6
1
1
1
2

2
1
1
0
0
0
0

1
1

5
3
1
0
0
1
0
0
0
2

0
0
0
0
0
0
0
0
0
0

1
3
0
0
0
1
1
0
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juice)

Micro-organism

Patients with hypogammaglobulinaemia

(n = 6)
Gram positive cocci:
Aerobic streptococci
Anaerobic streptococci
Micrococci
Staphylococci
Gram negative cocci:

Neisseria
Veillonella
Gram positive rods:
Lactobacilli
Diptheroides
Bifidobacteria
Clostfidia
Bacilli
Propionibacteria
Gram negative rods:
Klebsiella
Pseudomonas
Haemophilus
Bacteroides
Fusobacteria
Citrobacter
Alcaligenes
Proteus
Hafnia
Yeasts

Patients with pernicious anaemia
(n = 7)

Group with low pH
(n = 5)

(7-1)
(6.6)
(5-8)
(5-0)

2 (3-3)
0
1 (2.6)
3 (3.2)

1 (5 0)
3 (6-1)

0
6 (4.7)

0
1 (2-0)

3 (3 8)
1 (6-0)
1 (7-3)
0
0
0

5 (4-6)
2 (6-5)
6 (5-9)
0
1 (3-0)
2 (5-2)

1 (3 0)
0
0
0
0
0

1 (4-1)
1 (6 0)
1(8-0)
1(4-7)
0
0
0
1 (3 0)
1(4-4)
0

5 (4.2)
3 (4 2)
0
0
0
1 (4-0)
0
0
0
2 (3-2)

0
0
0
0
0
0
0
0
0
0

5
1
2
5

7
1
5
3

(6-6)
(4-7)
(6.3)
(4-3)

isolated from any of the groups. Far fewer types of
bacteria were found in the group with low pH; these
consisted mainly of staphylococci, which were found
in all of the patients, and streptococci (Table 1).
A similar pattern of colonisation was found when
analysing the microbial flora of only the gastric juice
of these patients (Table 2), although micrococci and
veillonella were not always detected in the juice in
patients with hypogammaglobulinaemia despite
their presence in the gastric mucosa (Tables 3, 4,
and 5). When present, streptococci tended to be the
dominant organism (Table 2), although bifidobac-

teria and haemophili attained high concentrations in
of the patients with hypogammaglobulinaemia
(Table 2). In general, from a combined qualitative
and quantitative aspect, the patients with pernicious
anaemia had the most complex gastric juice flora. As
expected, the group with low pH had a much simpler
flora and harboured much lower concentrations of
these bacteria (Table 2).
Tables 3, 4, and 5 show the types of bacteria found
in association with the gastric mucosa of the antrum
body and fundus. Within any one group the patients
with hypogammaglobulinaemia and those with perone

Table 3 Micro-organisms associated with gastric mucosa of antrum (figures are numbers ofpatients and mean log1, No of
organisms/g tissue)
Micro-organism
Gram positive cocci:
Aerobic streptococci
Anaerobic streptococci
Micrococci

Staphylococci
Gram negative cocci:
Neisseria
Veillonella
Gram positive rods:
Lactobacilli
Diptheroides
Bifidobacteria
Eubacteria
Gram negative rods:
Haemophilus
Bacteroides
Proteus
Hafnia

Group with low pH

Patients with hypogammaglobulinaemia
(n = 6)

Patients with pernicious anaemia
(n = 7)

6 (5 6)
0
3 (4-6)
3 (4-4)

7
1
5
2

(5.7)
(3-4)
(4.3)
(4.0)
1(4-4)

0
0
0
2 (3.8)

6 (4-2)

0
0

1
3
5
1

(4-1)
(4.0)
(4-1)
(3-6)
1 (3-6)

0
0
0
0

0
0
0

0
0
0
0

1(6.-1)

3 (5.1)
1
1
2
1

(3 3)
(5-4)
(7-0)
(4-2)

1 (5-7)
2 (5-5)

1 (4-0)
1 (4-6)

(n =

5)
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Table 2 Micro-organisms isolated from gastric juice (figures are numbers ofpatients and mean log,, No oforganismslml
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Table 4 Micro-organisms associated with gastric mucosa ofstomach body (figures are numbers ofpatients and mean log,,
No of organismslg tissue)
Micro-organism

Gram positve cocci:
Aerobic streptococci
Micrococci
Staphylococci
Gram negative cocci:
Neisseria
Veillonella
Gram positive rods:
Lactobacilli
Diptheroides
Bifidobacteria
Propionibacteria
Gram negatve rods:
Haemophilus
Bacteroides
Hafnia

Patents with hypogammaglobulinaemia

Patients with pernicious anaemia

(n

(n

=

6)

=

7)

Group with low pH
(n = S)

7 (65)
6 (59)
3 4
5 46
5 (4-6
1 40
2 (4.4)5
2 22 38

1 (55)
4 (4-7)

1 (4-7)
6 (4 9)

0
0

1 (4 6)
0
1 (2-7)
0

3 (3-8)
3 (4-4)
5 {4.2)
1 (60)

1 (4-6)
0
1 (3-6)
1 (40)

1 (5-3)
1 (44)
1 4.1)

0
0
0

0
0
0

nicious anaemia were colonised as commonly at the
antrum as at the body and fundus, whereas the
group with low pH had a more complex flora localised in the body of the stomach rather than the
antrum and fundus. In keeping with the findings in
gastric juice, the bacteria most commonly associated
with the gastric mucosa in all three groups were
streptococci, micrococci, staphylococci, and veillonellae. Interestingly, klebsiella, though present in
the gastric juice of five of the patients with pernicious anaemia, were not associated with the gastric
mucosa. Overall, however, the flora associated with
the mucosa did not differ significantly from that of
the gastric juice.
GASTRIC JUICE ENZYMES

Table 6 shows the results. All the gastric juices
tested contained phosphoamidase activity, and none
of them contained chymotrypsin, a galactosidase, or

mannosidase. All the juices tested from the
patients with hypogammaglobulinaemia and pernicious anaemia contained alkaline and acid phosphatase, C4 and C8 esterase, and C8 esterase lipase.
The only enzymatic activity noted in the group with
low pH was phosphoamidase and C4 and C8 esterase. The presence of /8 glucuronidase and C,4 lipase,
which was present in the same three patients with
hypogammaglobulinaemia, seemed to differentiate
this group of patients from the others.
a

GASTRIC JUICE AMINES, ETHANOL, AND FATTY
ACIDS

Table 7 shows the results for gastric juice amines
and ethanol, with the corresponding pH values of
gastric juice and degree of bacterial colonisation.
Short chain fatty acids were not detected in any of
the samples analysed, and the only alcohol detected
was ethanol. Neither of the phenolics, p-cresol or

Table 5 Micro-organisms associated with gastic mucosa offundus (figures are numbers ofpatients and mean log10No of
organisms/g tissue)
Micro-organism

Gram positive cocci:
Aerobic streptococci
Anaerobic streptococci
Micrococci
Staphylococci
Gram negatve cocci:
Neisseria
Veillonella
Gram positive rods:
Lactobacilli
Diptheroides
Bifidobacteria
Propionibacteria
Gram negative rods:
Haemophilus
Bacteroides
Hafnia

Patents with hypogammaglobulinaemia

(n

=

6)

Patents with pernicious anaemia
(n

=

7)

Group with low pH
(n = 5)

6 (6-0)
0
3 (4-9)
2 (6-4)

7 (6-0)
1 (4-1)
6 (4.6)
3 (4-2)

1 (5.2)
0
0
0

1 (5.0)
5 (4-7)

0
5 (4-5)

0
0

0
1 (5.2)
3 (5-2)
1 (3-6)

3 (3.8)
1 (3-5)
6 (5-3)
0

0
1 (3-3)
0
0

1 (4-2)
1 (4-1)
1 (3-5)

0
0
0

0
0
0
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Table 6 Enzymatic activity present in gastric juice (figures are numbers ofpatients)
Enzyme --

Patients with hypogammaglobulinaemia
(n =4)

Alkaline and acid phosphatase4
C4 and C8 esterase
C,4 lipase

5
5
1
5
5
1
1
1

4
3
4
2
2
1
2

esterase lipase
C.
Leucine arylamidase

Patients with pernicious anaemia
(n= 5)

Valine arylamidase
Cystine arylamidase
Trypsin
Chymotrypsin, a galactosidase
and a mannosidase
0
,/ Galactosidase and
1
,8 Glucosidase
/3 Glucuronidase
3
a Glucosidase
3
N acetyl-/8-glucosaminidase 3
a Fucosidase
0
Phosphoamidase
4
Mean pH of juice
8-1
Mean log,0 No of bacterialml juice 5-8

0
2
0
0
0
0
0
0

0

0

0
0
4
2
1
5
7-3
6-6

phenol, which would normally have been detected
under these conditions, was found. The only amines
detected were dimethylamine and trimethylamine,
despite the fact that it was possible to detect readily
standard solutions of all the straight chain amines up
to amylamine at concentrations of 10 jig/ml.
Although standards for the cyclic secondary amines
were not run, it should have been possible to detect
piperidine and pyrrolidine, though neither was
found.
There was little difference in the concentrations of
dimethylamine present in the three groups of
patients. There was a difference, however, in the
trimethylamine content, with the concentrations in
the patients with hypogammaglobulinaemia
significantly higher than those in the comparison
group with low pH (p = 0-01).
An extensive range of ethanol concentrations was
found in the patients (Table 7). In two of the
patients with pernicious anaemia and one of the
patients with low pH ethanol was not detected. The
concentrations in the patients with hypogammaglobulinaemia were significantly higher than those in
the patients with pernicious anaemia (p = 0.02).
There was no direct correlation between the pH

Group with low pH
(n = 4)

0
0
0
0
0
4
1-6
<3-0

of gastric juice or the degree of colonisation with
ethanol concentrations.
Discussion

Intragastric pH is the principal determinant of gastric flora, and in patients with a high gastric pH there
is a corresponding increase in microbial colonisation.23 Interestingly, the degree of colonisation in
patients with achlorhydria and hypogammaglobulinaemia was not as great as that in those with
typical pernicious anaemia. Possibly, the higher pH
values and the higher concentrations of nitrite' in
these patients with hypogammaglobulinaemia partially inhibited microbial growth. In keeping with
previous reports, we found that the predominant
flora of the achlorhydric stomach consisted mostly of
Gram positive facultative cocci and that the most
common anaerobe was veillonella. Our detailed
analysis, however, showed that a greater variety of
bacteria were present than previously reported.
There was also a rich flora associated with the
mucosal lining of the antrum, body, and fundus of
the stomach. We could find only one other report on
the gastric mucosal flora20: in this study organisms
had failed to grow from gastric biopsies in four of

Table 7 Metabolic profie of gastric aspirates. Values are means (SD) (and ranges)
Subjects

Dimethylamine (puglml)

Trimethylamine (pglml)

Ethanol (mmolll)*

pH

Pernicious anaemia (n = 4)

9-8 (3 5)
(6-15-4)

21-2 (16-3)
(0-38)
16-5 (13-6)
(3-6-40.3)
0-9 (1-0)
(0-2.1)

0-8 (1-1)
(02-6)

7-3 (0.3)
(6-8-7-5)
8-1 (0.2)

Hypogammaglobulinaemia
(n = 4)
Group with low pH (n = 5)

13-4 (8.5)

(2-5-22-3)
11-8 (6.6)
(5 4-22.2)

*SI conversion to traditional units: 1

mmol/l

4-7 mg/100 ml.

18-7 (6.7)

(11-3-26-5)
7-5 (4-8)
(0-13-5)

(78-8-3)
1-9 (0.7)

(1-3-3-4)

Mean log, No of

organismsOlW
6-6

(5.6-7-6)
6-2
(4-8-7-3)
<3 0
(<3.-3-4)
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unpublished findings).
The gastric juices were also analysed for microbial
metabolites and gastric juice enzymes in an attempt
to find markers that could differentiate states of disease. A surprising finding was the presence of
ethanol in the gastric juice of these subjects. No
exogenous source for this ethanol could be found;
the patients had not been drinking, and it was
assumed that its presence was the result of microbial
activity. A similar finding and conclusion were
reached by others who detected ethanol in the
stomachs of patients taking antacids or cimetadine.28
We found no correlation, however, between concentrations of ethanol and the degree of microbial
colonisation, the presence or absence of yeasts, or
the pH of gastric juice. The most striking finding was
the low concentrations of ethanol found in the
patients with pernicious anaemia compared with the
two other groups. The patients with hypogammaglobulinaemia had particularly high concentrations.
Alcohol may have a role in the aetiology of
oesophageal cancer as it facilitates the penetration
of nitrosamines into mucosa,29 and a similar situation may occur in the stomach.
The total activity of various enzymes in gastric
juices such as lactic dehydrogenase and ,3
glucuronidase30 is raised in gastric cancer. Possibly,
enzymes derived from microbes, such as /3
glucuronidase, could contribute to these changes.
We found a wide range of enzymatic activity in the
gastric juices of the patients with achlorhydria and
lesser activity in the group with normal acid pH dyspepsia. In view of the findings of an association between high levels of 8 glucuronidase and gastric
cancer, it is interesting that this enzyme seemed to
differentiate the patients with hypogammaglobulinaemia, who have a high risk of gastric
cancer, from the other patients.3' These raised
enzyme activities, however, may merely reflect the
greater extent of gastritis in these patients.2' An
additional differentiating marker, Cl4 lipase, was
also higher in the patients with hypogammaglobulinaemia, and it may prove worth while to
include this enzyme in any further studies on the
value of screening gastric juice enzymes in gastric
cancer.
In conclusion, this study shows that there is a
complex microbial flora in the gastric juice and
associated with the gastric mucosa of the achlorhydric stomach. The metabolic potential of this
flora is high, and several possible microbial metabolites and enzymes were detected. There is no evidence, however, that these bacteria are responsible
for producing carcinogens or for the much higher
incidence of gastric carcinoma in patients with
hypogammaglobulinaemia compared with those suf-
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seven patients who underwent endoscopy for suspected carcinoma. The three positive samples were
from patients with confirmed gastric cancer.
There was little overall difference in the gastric
flora between different sites in the stomach in either
patients with hypogammaglobulinaemia or those
with pernicious anaemia. This suggests that the
degree of gastric atrophy has little influence on the
attachment of bacteria to mucosa, as most of the
patients with hypogammaglobulinaemia had a pangastritis affecting the antrum, unlike most of those
with pernicious anaemia in whom the antral mucosa
was normal.2'
Despite the attention that the theory that nitrosamines and gastric cancer are related has received,
most of the work has concentrated on the presence
of bacteria that reduce nitrate' 5 7 and the concentrations of nitrites in gastric juice.' 7-9 Most workers
have assumed that amines from foodstuffs22 -24
would be present, and this has been confirmed by
the indirect finding of nitrosatable amines8 and the
direct finding of N nitrosamines25 in gastric juice.
We directly screened for, identified, and quantified
some of the amines present. Of straight chain
amines up to C6, only dimethylamine and
trimethylamine were found. All three groups of
patients had similar concentrations of
dimethylamine, and it is therefore unlikely that the
dimethylamine was the product of microbial
metabolism in the stomach. The most likely source
of this amine is the diet. In contrast, the concentration of trimethylamine, which reacts only poorly
with nitrite, was higher in the patients with
hypogammaglobulinaemia and pernicious anaemia
than in those with dyspepsia. We are unable to
explain this finding.
Although all of the ingredients required for the
production of nitrosamines are present in the achlorhydric stomachs of these patients-that is, bacteria that reduce nitrate, nitrite, and nitrosatable
amines-the procarcinogenic nitrosamines require
metabolic activation to exert their carcinogenic
effect. It has been shown that explant cultures of
human colonic cells can metabolise dimethylnitrosamine to the active carcinogen,26 and gastric cells
would probably be equally active. An alternative
method of this activating nitrosamine would be a
microbial mediated nitroso group exchange between
an amide and a nitrosamine to form a highly reactive
nitrosamide. This has been shown in vitro for various amides, dimethylnitrosamine, and E coli.27
Although we did not measure the concentrations of
N nitroso compounds in gastric juice in this study,
concentrations of about 0 5 uM/kg have been found
in the gastric juice of two patients with achlorhydria
and hypogammaglobulinaemia (Smith and Webster,

anaemia.
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