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The vacuolating cytotoxin and the cytotoxin-
associated protein, encoded by vacA and cagA respec-
tively, are important virulence determinants of
Helicobacter pylori. A total of 79 clinical isolates of H.
pylori were characterized for vacA and cagA genes
using specific primers. Fifty-five (69.6%) of 79 strains
had vacA signal sequence genotype sla, 13 (16.4%)
had type slb and 11 (14%) had type s2. The vacA
middle-region types ml and m2 were detected in 51
(64.6%) and 28 (35.4%) strains. The combinations
sla/m1l (42 [53.2%]), sla/m2 (13 [16.5%]), s1b/m1 (9
[11.4%]), and slb/m2 (4 [5.1%]) occurred more fre-
quently than s2/m2 (11 [13.9%)]. No strains with
s2/ml were found (P < 0.01). Thirty-one (86.1%) of 36
patients with ulcers harboured type sla strains, in
contrast to 17 (68%) of 25 patients with gastritis.
Moreover, all isolates from patients with ulcer, gastri-
tis and gastric cancer were cagA”, but only 10 (76.9%)
of 13 isolates from patients with portal hypertension
carried the cagA gene. Strains possessing vacA type sl
(37 [66.1%] of 56) were more frequently associated
with vacuolating cytotoxicity than type s2 strains
(P < 0.01). These results indicate that cagA+, sla/m1
type strains are associated with occurrence of peptic
ulceration and cytotoxin activities common in and
around Lucknow.

HELICOBACTER pylori is a Gram-negative, spiral, micro-
aerophilic bacterium that chronically infects the gastric
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mucosa of more than half of the world population'. It has
the unique property to colonize the gastric mucosa and
persist in this niche for decades. H. pylori infection is a
major cause of chronic active gastritis, peptic ulcer dis-
eases™ and an early risk factor for gastric cancer®. The
pathogenesis of H. pylori is influenced by bacterial geno-
type as well as host response and environmental condi-
tions.

There are specific virulence determinants in H. pylori
strains, apart from immunological factors in the host,
which influence the clinical outcome of infection. One
important virulence factor is a vacuolating cytotoxin that
induces the formation of intracellular vacuoles in mam-
malian cells in vitro, that leads to cell death®. Although
the gene that encodes the cytotoxin, designated vac4, is
present in nearly all strains®®, only about 50% of H. py-
lori strains can produce detectable amounts of this cyto-
toxin’. Analysis of vacA from different strains has shown
that the gene differs in its signal sequence, which could
be sla, slb, slc or s2 and in its mid-region sequence,
which could be, at least, m1 or m2 (refs 10 and 11).

Another virulence factor of H. pylori is cytotoxin-
associated (cagA) gene; it produces the 128-kDa CagA
protein'?. The presence of cagd is associated with duo-
denal ulceration, gastric mucosal atrophy, and gastric
cancer'®. cagd is part of a larger genomic entity, desig-
nated the cag pathogenicity island (cag PAI)", which
contains multiple genes that are related to the virulence
and pathogenicity of the H. pylori strains. Therefore, the
presence of cagAd can be considered as a marker for this
genomic PAI and is associated with more virulent A
pylori strains. Nearly all East Asian strains carry the cag
PAI independent of disease status'>'®. In contrast, only
one half to two-thirds of the US and European strains
carry the cag PAIL

Although H. pylori is cosmopolitan, little is known
about the geographic distribution of specific H. pylori
strains, especially in developing countries'’. Also, data
concerning the association between vacAd genotypes and
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disease in both developed and developing countries are
scarce. Thus the relationship between ulcerogenesis and
specific vac4 alleles could not be assessed.

It is well established that H. pylori infection and peptic
ulcer diseases are common in India. In this study, we
aimed at assessing the vac4 and cagAd genotypes of H.
pylori strains infecting patients in and around Lucknow
and to correlate differences found within these genes
with vacA and cagA in vitro cytotoxicity and clinical out-
come.

Seventy-nine H. pylori strains were isolated from the
gastric biopsy specimens of 79 patients attending the
endoscopy units in the Gastroenterology Department at
Sanjay Gandhi Postgraduate Institute of Medical Sci-
ences, Lucknow, for upper gastrointestinal complaints.
Patients taking antibiotics, with bleeding ulcer or an
acute haemorrhage from other sites in the upper gastroin-
testinal tract, and a patient with surgery of the stomach
were excluded. All patients gave informed consent to be
biopsied. The known strain, CCUG 17874 (provided by
Dr B. Kaijser, University of Goteborg, Sweden) was used
as a positive control in this study. Three gastric biopsy
specimens were collected from a similar location in the
antrum of the stomach from each patient. One piece each
of the specimens was cultured for H. pylori, examined
histologically by Giemsa and subjected to PCR analysis.

For bacterial culture, gastric biopsy sample was ho-
mogenized and cultured on Brucella chocolate agar con-
taining antibiotic supplement (vancomycin 10 mg/l,
polymyxin-B 2500 IU/l and amphotericin-B 5 mg/l) as
described earlier, with 7% sheep’s blood'®. Plates were
incubated at 37°C in microaerophilic atmosphere with
COy 10%, Oy 5% and N, 85%. Plates were opened after
72h and later every 48 h, if no growth was obtained.
Organisms were identified as H. pylori based on colony
morphology, modified Gram staining, and positive oxi-
dase, catalase and rapid urease tests'? Histological sec-
tions of formalin-fixed biopsy specimens were stained
with haematoxylin—eosin to evaluate the presence of H.

pylori.

Genomic DNA from H. pylori isolates was extracted
and purified from freshly harvested bacterial cells by
alkali lysis method'® and dissolved in distilled water. On
the basis of published sequence'’, oligonucleotides were
prepared to amplify the vacAd signal and the middle
region. The oligonucleotide forward and reverse primers
were synthesized (Genset, Lithuania). The primers used
in this study are listed in Table 1.

To type the vacA signal and middle region, PCR was
performed in 50 pl reaction mixture containing 100 ng of
genomic DNA, 250nM of each primer, 1X reaction
buffer, 1.5 mM MgCl,, 1 U of Taq-DNA polymerase and
distilled water in a PCR system (Perkin—Elmer, Japan).
After denaturation at 94°C for 5 min, amplification was
carried out for 27 cycles at 94°C for 30s, 52°C for 30s,
and 72°C for 30s; the mixture was then cycled at 72°C
for 7min to complete the elongation step and was finally
stored at 4°C. For identification of the amplified prod-
ucts, 10 ul of the PCR mixture was analysed by electro-
phoresis on 2% agarose gel (Sigma, USA), stained with
ethidium bromide 0.5 pg/ml and read under UV illumina-
tion.

To determine whether the presence of cagA gene is
associated with the sl vacA signal sequence, the cag4
gene was detected by Southern blot hybridization.
Genomic DNA (1 pg) was digested with HindIIl (Banga-
lore Genei, India) according to the manufacturer’s
instruction and was subjected to electrophoretic separa-
tion in 1% agarose gel. Genomic DNA was denaturated,
transferred onto nitrocellulose and pre-hybridized at
42°C for 6h in 50% formamide, 25 mM sodium phos-
phate (pH 6.5), 500 ug sonicated salmon testis DNA per
ml, 5X in a hybridization oven (Amersham, UK). Filters
were hybridized overnight in a solution containing 50%
formamide, 10% dextran sulphate, 20 mM sodium phos-
phate (pH 6.5), 250 ug of sonicated salmon testis DNA
per ml, 2X Denhardt’s solution and cagd probe. The
cagA probes were labelled with oP*? dCTP using ran-
dom primer kit (Banglore Genei) according to manufac-
turer’s instructions. The cagd probe was a 320 bp PCR

Table 1. Oligonucleotide primers used in typing of H. pylori vacA alleles

Region amplified Primer designation Primer sequence Site and location of PCR product

ml VA3-F 5" GGTCAAAATGCGGTCATGG 3’ 2741-3030 (290 bp)
VA3-R 5’ CCATTGGTACCTGTAGAAAC 3’

m2 VA4-F 5" GGAGCCCCAGGAAACATTG 3’ 976-1327 (352 bp)
VA4-R 5’ CATAACTAGCGCCTTGCAC 3’

sla SS1-F 5" GTCAGCATCACACCGCAAC 3’ 866-1055 (190 bp)
VAl-R 5’ CTGCTTGAATGCGCCAAAC 3’

slb SS3-F 5" AGCGCCATACCGCAAGAG 3’ 869-1055 (187 bp)
VAl-R 5’ CTGCTTGAATGCGCCAAAC 3’

s2 SS2-F 5" GCTTAACACGCCAAATGATCC 3’ 371-569 (199 bp)
VAl-R 5’ CTGCTTGAATGCGCCAAAC 3’

Products amplified using these primer pairs were differentiated on the basis of their respective molecular size.

750

CURRENT SCIENCE, VOL. 83, NO. 6, 25 SEPTEMBER 2002



RESEARCH COMMUNICATIONS

product (corresponding to nucleotides 1764 to 2083 of H.
pylori CCUG 17874 cagA)12 amplified by two cagAd spe-
cific primers:

Forward, 5"-AGACAACTTGAGCGAGAAAG-3,
Reverse, 5"-TATTGGGATTCTTGGAGGCG-3".

PCR was performed using PCR-based typing of the vac4
homologue at a modified annealing temperature of 55°C
(ref. 20). The filters were rinsed several times at room
temperature in a solution containing 0.1X SSC (1X SSC
is 0.15M NaCl plus 0.015M sodium citrate) and 0.05%
SDS to remove excess hybridization solution and were
then washed at 52°C for 10min in the same solution
(0.1X SSC and 0.05% SDS).

A total of seventy-nine H. pylori isolates from patients
with dyspeptic symptoms were characterized by PCR.
Endoscopic and histological examination revealed gastri-
tis in 25 patients, peptic ulcer in 36, and gastric carci-
noma in 5 and control portal hypertension (PHT) in 13
patients. For each of these patients, both isolates showed
identical features using PCR.

The vacA gene was detected in all 79 H. pylori iso-
lates. By using the primers SS1-F, VAI-R; SS3-F, VAl-
R; and SS2-F, VAI-R to amplify the vacA4 signal sequ-
ences (Table 1), the predicted PCR products of either
190, 187 or 199bp were obtained from 79 (100%) of 79
isolates (Figure 1). Fifty-five (69.6%) of 79 strains
yielded the 190 bp product representing genotype sla, 13
(16.4%) yielded the 187 bp product representing geno-
type slb and 11 (14%) yielded the 199 bp product repre-
senting genotype s2. All 79 strains yielded a PCR
product of one of three sizes; none gave a product of any
other size (Table 2).

All 79 H. pylori strains contained DNA, which was
amplified either by the primers VA3-F and VA3-R, rep-
resenting type ml, or by the primers VA4-F and VA4-R,
specific for type m2 (Figure 2). Two different families of
vacA allele m1 and m2 could be differentiated at the mid-
region locus. Fifty-one (64.6%) isolates were classified
as type ml and twenty-eight (35.4%) were classified as
type m2 (Table 2). None had DNA amplified by both
primer sets or gave PCR product of sizes other than those
predicted. PCR typing produced identical results for each
of the 79 strains tested.

Among the 79 isolates studied, vac4 homologues con-
taining five of the six possible combinations of signal
sequence and middle region (sla/ml, sla/m2, slb/ml,
slb/m2, and s2/m2) types were identified. The sla/ml
and sla/m2 combinations were found in 42 (53.2%) and
13 (16.5%) strains, respectively (P <0.001). The s1b/m1l
and s1b/m2 combinations were found in 9 (11.4%) and 4
(5.1%) strains respectively, (P>0.01); the differences
were not significant. s2/m2 combinations were identified
in 11 (13.9%) of 79 isolates. The s2/m1 combination was
not detectable (P < 0.01) (Table 2).

CURRENT SCIENCE, VOL. 83, NO. 6, 25 SEPTEMBER 2002
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Figure 1. Representative sequence-specific vac4 PCR tests. a, sla
alleles using primers SS1-F and VA1-R, generating 190-bp product; b,
slb alleles using primers SS3-F and VA1-R, generating 187-bp prod-
uct; ¢, s2 alleles using primers SS2-F and VA1-R, generating 199-bp
product. Lanes 1-5, H. pylori strains; lane N, Negative control, and
lane M, 100 bp DNA ladder.

Table 2. Relationship between mid-region and signal sequence

typing of vacA alleles for 79 H. pylori isolates*

Signal sequence type

sla slb 82 Total
Mid-region type
ml 42 09 00 51
m2 13 04 11 28
Total 55 13 11 79

*Five of the six possible combinations of vacA signal sequence and
mid-region types could be identified; No strain was found with the
s2/m1 combination of signal sequence and mid-region types (P <0.01).

We have determined whether particular vac4 geno-
types were associated with the occurrence of different
gastrointestinal diseases. Infection with a type sla strain
was found in 31 (86.1%) of 36 patients with ulcer, com-
pared to 17 (68%) of 25 subjects with gastritis (P > 0.05).
Type slb strains were found in 4 (11.1%) of 36 patients
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with ulcer compared with 6 (24%) of 25 subjects with
gastritis (P>0.1). A single strain was isolated from
patients with ulcer disease type s2 and two strains were
isolated from patients with gastritis type s2. Thirty-one
(86.1%) of 36 persons infected with type sla strains had
ulcer compared with four (11.1%) of 36 infected with
type slb strains, a significant difference (P >0.001). The
distribution of type sla/ml and type sla/m2 strains was
found in patients with ulcer (sla/ml, 26; sla/m2, 5) and
distribution of type slb/ml and type slb/m2 strains was
found in patients with ulcer (slb/ml, 3; slb/m2, 1) and
gastritis (sla/ml, 11; sla/m2, 6; slb/ml, 5; slb/m2, 1)
(Table 3). Subgroup analysis showed that the vac4d mid-
dle region types were not independently associated with
the occurrence of ulcer and gastritis.

Almost seventy-six (96.2%) of 79 H. pylori isolates
and reference strain were found to have cagd gene
(cagA") by Southern blotting (Figure 3). All the isolates
from patients with peptic ulcer disease 36 (100%) of 36,
gastritis 25 (100%) of 25 and gastric cancer 5 (100%) of
5 were cagA’, but only 10 (76.9%) of 13 isolates obtai-
ned from patients with PHT carried the cagd gene
(P <0.05).

When the vacA signal sequence type was compared
with cagA status, 67 (98.5%) of 68 vacA4 type sl strains
were cagA’ and nine (81.8%) of 11 vacd type s2 strains
were cagd’ (P<0.05). Of the 76 cagd' strains, 67

a

4—290Dbp
b

— 352bp
Figure 2. Representative sequence-specific vac4 PCR tests. a, vacA

ml using primers VA3-F and VA3-R, generating 290-bp product; b,
vacA m2 using primers VA4-F and VA4-R, generating 352-bp product.
Lane N, Negative control; lane M, 100-bp DNA ladder; lanes 1-6, H.
pylori strains.
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(88.2%) were found to have the vacA genotype sl and 9
(11.8%) were found to have the vacA genotype s2. This
result suggests the close association between cagd status
and the sl signal sequence. A significant association also
was found between vacd mid-region typing and cagAd
status. All the 51 ml-type strains were positive for cagA4
gene and 25 (89.3%) of 28 vacAd type m2 strains were
cagAd” (P<0.05). Thus, there was a significant associa-
tion between the presence of cagd and the presence of
type sl vacA signal sequence; but subgroup analysis
showed that only the association between signal sequence
type and cagA status was independently significant.
Cytotoxin production by H. pylori was shown on the
cell lines by development of intracytoplasmic vacuoliza-
tion and the rounding of the cells noticed within 2448 h.
Of the 65 H. pylori strains tested, supernatants from 38
(58.5%) induced detectable vacuolation of HeLa cells
(Tox"). Thirty-one (73.8%) of 42 strains with the vacA
genotype sl/ml and 6 (42.9%) of 14 strains with geno-
type sl/m2 were Tox (P <0.05). In contrast, only one
(11.1%) of nine strains with the genotype s2/m2 induced
a weak vacuolation in HeLa cells. The strains possessing
vacA type sl (37 [66.1%)] of 56) were more frequently
associated with vacuolating cytotoxicity than those pos-
sessing type s2 (one [11.1%] of nine), the difference
being significant (P <0.01). The vac4d genotype was
highly associated with the level of in vitro cytotoxin acti-
vity. H. pylori strains isolated from patients with ulcer
were more likely to be tox' in vitro than those obtained
from patients with gastritis only; 21 (67.7%) of 31 pati

Kb
4.0
2.0
1.5
1.3

1.1
1.0

CTX

HHH HTUL 0

Figure 3. Southern blot of chromosomal DNA from H. pylori strains
digested with HindIIl. Restriction fragments were hybridized with
cagA probe. The cagA gene is present in 96.2% isolates. There were
several restriction fragment length polymorphism patterns (lanes 1-6).
Molecular weight markers are shown on the left. H; High-grade tox",
L; Low-grade tox", O, tox".
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Table 3.

Relationship between H. pylori vacA genotype and clinical diseases of stomach

vacA subtypes

Disease studied No. of isolates sla/ml sla/m2 s1b/ml s1b/m2 s2/m2
Ulcer 36 26 05 03 01 01
Gastritis 25 11 06 05 01 02
Carcinoma stomach 05 05 00 00 00 00
PHT 13 00 02 01 02 08
Total 79 42 13 09 04 11

vacA signal sequence sla and slb subgroups do not show significant association between ulcer and gastritis

(P>0.1).

In the case of ulcer, there is significant difference between vacA signal sequence sla and s1b (P < 0.001).

ents with ulcers harboured tox strains compared with 11
(55%) of 20 patients with gastritis (P >0.1); the differ-
ences were not significant. All strains isolated from car-
cinoma-stomach patients were tox (5 [100%)] of 5) and
only single strains were tox' in vitro (1 [11%)] of 9) from
patients with PHT.

Thirty-five (46.1%) of 76 cagA" strains and 3 (100%)
of 3 cagA™ strains induced vacuolation in HeLa cells
(P>0.05), demonstrating that cagd is not associated
with cytotoxic activity.

The vacA genotypes have been considered markers of
pathogenesis for individual H. pylori strains, at least in
the US and in European countries, since in vitro produc-
tion of cytotoxin, in vivo epithelial damage, and devel-
opment of peptic ulcer disease or gastric adenocarcinoma
are all related to vacd-specific genotypes''!. However,
studies on H. pylori virulence factors have been difficult
to interpret because observations reported for one geo-
graphic region or ethnic group have not always been con-
firmed at different places’®?°. In north India, where the
prevalence of H. pylori infection is high, such studies are
still scanty. This study provides a description of vacA4
genotyping of H. pylori strains from an adult population
in and around Lucknow.

Our findings demonstrate that the vacA genotypes sla,
slb, and s2 were identified in all H. pylori strains. For
determination of the vac4 mid-region genotypes, the pub-
lished oligonucleotide primer VA4-F and VA4-R (Table
1) was allowed to characterize 100% of the H. pylori
strains isolated from patients in and around Lucknow.

H. pylori strains with the vacA signal sequence type
sla were predominant in our series, whereas strains with
type slb and s2 rarely occurred. However, the percentage
of strains with the vac4 genotype s2 may have been un-
derestimated, since the strains investigated in this study
were obtained from dyspeptic patients. The vacAd geno-
types of our H. pylori isolates were identical to those
reported from Kolkata®®. However, in Kolkata, 7.2%
strains had mixed sl and s2 genotypes. In our study, slb
allele was present in 16.4% of sl strains; almost similar

prevalence of slb had also been reported in other stud-
. 27-29
ies .
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In this study, we found that our north Indian H. pylori
isolates contained predominantly the sla/ml family of
vacA alleles, which differ from the findings at Germany
and Singapore’®>!, where the genotypes sla/m2 are more
common. It seems that there is less mosaicism in the
vacA alleles of H. pylori in Germany and Singapore. The
vacA genotype s2/ml was not identified in our study.
These data support the pioneering study of Atherton and
co-workers, who also failed to detect the s2/m1 genotype,
suggesting that strains with this genotype suffer from a
selective disadvantage or are not viable. But there is one
recent study by Letley er al.*? in South Africa, where one
isolate with vac4d s2/ml type was detected. However,
vacA signal sequence type sl, particularly sla, and geno-
type sla/ml appeared to occur more frequently in our
study.

About 96.2% of isolates were cagd' by PCR, which is
in agreement with the results of other studies®® ™,
whereas Atherton and co-workers (see ref. 40) detected
cagA gene only in 60% of H. pylori strains. All the
strains (100%) from patients with ulcer, gastritis and car-
cinoma stomach were cagd’, in contrast to strains iso-
lated from patients with PHT only, where 76.9% of the
H. pylori strains were cagA'. It is unclear whether these
differences in the cagd actually affect the clinical out-
come of H. pylori infection or whether these results are
identical. In a study from Kolkata, it had been reported
that 90% of strains carried the cag PAI*°. In both these
Indian studies, prevalence of cagA was higher than that
in the West and lower than that in East Asia.

Our study demonstrates a strong genetic association
between of cagAd and vacA signal sequence type s1. We
observed 67 (98.5%) of 68 vacA type sl strains were
cagAd’ and of 76 cagA” strains, 67 (88.2%) were found to
have the vacAd genotype sl. Why two genetic elements
without any physical linkage on the H. pylori chromo-
some should be so closely associated, is not clear. One
hypothesis is that there are two clonal H. pylori popula-
tions (vacA sl/cagA and vacA s2/cagAd), but evidence
from analysis of other H. pylori genes fails to support
it’®. Another possibility is that there may be a functional
linkage, whereby a selective advantage conferred by each
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gene product is manifested only in the presence of the
other. Our strains are similar to those studied in Kolkata
for vacA sl alleles where vacA4 sl alleles along with cag4
were present in almost equal proportion (80-90%), inde-
pendent of the disease status.

In H. pylori-associated gastroduodenal disorders, the
release of endotoxin and/or exotoxin may initiate an
inflammatory response like many other bacteria®”. Only
58.5% of H. pylori strains produced cytotoxin. Figura et
al*® and Leunk et al’ have observed toxin production in
30-60% of H. pylori strains. In our study, toxin produc-
tion is more common in the gastric carcinoma (100%)
and ulcer group (67.7%) isolates compared to gastritis
and PHT group, where 55% and 11% were positive for
cytotoxin production. The finding corroborates the study
of Figura et al*®.

Furthermore, cytotoxin activity was observed almost
exclusively in type sl strains, which is similar to reports
from China, Taiwan and Japan39. One of the striking
findings of this study was that strains containing a type
s2 vacA signal showed weak vacuolation of HeLa cells.
However, strains with genotype sl and lower cytotoxin
activity may not have been identified®®. In addition, the
type of vac4 middle region was independently associated
with the level of cytotoxin activity produced by strains.

In our study and other previous studies'®*, cytotoxic
activity was found to be higher in sla/ml than in sla/m2
strains and cytotoxicity seemed to be nearly absent in
s2/m2 strains. It was proposed, as the most likely expla-
nation for the high prevalence of the sla genotype in the
ulcer group, that the elevated toxicity of sla/ml strains
might contribute to the development of ulceration.

A potentially important aspect of the vacA4 typing sys-
tem presented here is its clinical relevance. In this and
several previous studies®®*4% H pylori isolates from
patients with peptic ulcer disease expressed cytotoxin
activity in vitro more commonly than isolates from
patients with gastritis alone. The present investigation
demonstrates a stronger link between the clinical status
of patients and the vacA genotype strains. Why might the
vacA genotype be a better predictor of a strain’s ulcero-
genic properties than direct testing of cytotoxin produc-
tion in vitro? One possible explanation is that cytotoxin
expression may occur at significantly higher levels in
vivo than in vitro. Alternatively, induction of vacuolation
in transformed cell lines by the cytotoxin may be only an
imperfect marker for production of epithelial damage in
vivo. The strong association between peptic ulcer disease
and vacA type sl strains is complemented by the equally
important finding that vacA type s2 strains are rarely as-
sociated with peptic ulceration. The identification of H.
pylori strains associated with different risks of ulcero-
genicity may have clinical implications.

However, cagAd was not associated with cytotoxicity
on HeLa cells and only 46.1% of cagd’ strains were
cytotoxin-positive, and three cagd™ strains also induced
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vacuolation in HeLa cells. These results are consistent
with other reports that cytotoxin production is derived
from the vacA gene, but not from the cagAd gene43’44. We
also found that all of our cagd’ strains were not corre-
lated with the grade of vacuolating cytotoxin activity,
while previous studies indicated a close association be-
tween the CagA protein and vacuolating cytotoxin activ-
ity and concluded that the CagA protein regulates the
production of vacuolating cytotoxin12’45’46. Tummuru et
al*®, however, reported that disruption of the cagA gene
by shuttle mutation did not influence the production of
the vacuolating cytotoxin.

In conclusion, H. pylori strains with the vacA signal
sequence type sla and middle region allele m1 were pre-
dominant in north India, in and around Lucknow. All
combinations of these vacAd alleles occurred, with the
exception of s2/ml. Type sl strains were associated with
ulcer and carcinoma stomach, presence of the cagd gene
and cytotoxin activity. The findings suggest that cagd"
H. pylori strains with the vac4 genotype sl increase the
risk for peptic ulcer diseases. Thus, vac4 genotyping may
allow identification of infected subjects at different risk
levels. Among north Indian clinical isolates, there was a
clustering of the cagA” strains with the sla/ml family of
vacA alleles. Thus, vacA genotyping may allow identifi-
cation of infected subjects at different risk levels.
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FTIR investigation on the fluid
inclusions in quartz veins of the
Penakacherla Schist Belt

M. Ram Mohan and P. S. R. Prasad*
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Penakacherla Schist Belt is a part of the eastern
Dharwar craton lying along the Ramagiri-Hungund
arc. Fluids entrapped in quartz veins of two mafic
volcanic rocks of this area are characterized by FTIR
spectroscopy in the wave number region 2000-
8000 cm . The quartz—carbonate vein from the cen-
tral part of the schist belt contains H,0O, CO, and
aliphatic hydrocarbon inclusions, with bicarbonate in
the form of nahcolite (NaHCO;) -coexisting with
quartz, whereas, that from the nearby Bhadrampalli
mine area is depleted in CO; and hydrocarbons, and
enriched in H,O inclusions. Distinctly clear signatures
of silanol (Si-OH) group and the coexistence of calcite
with quartz have also been observed in the latter
quartz. These observations indicate that re-cry-
stallization of quartz in these two similar rocks
occurred in vastly different hydrothermal environ-
ments.

QUARTZ-gold veins in metamorphic rocks usually con-
tain low to moderate saline, mostly immiscible H,O and
CO, fluid inclusions. There has been some debate over
the nature of these inclusions, whether dominantly meta-
morphic, meteoric or magmaticlfs. The fluid inclusions,
in general, are considered to preserve the conditions of
mineral formation and are a measure of the genetic
evolution'. However, in the recent past there has been a
host of experimental and theoretical evidence against the
‘closed’ system behaviour of fluid inclusions™*™®. Fluid
inclusions are now considered to behave as an ‘open’
system and their contents may diffuse into or out of the
host mineral or rock. Detailed characterization of interac-
tions among fluid inclusions and the host mineral or rock,
and formation of some daughter minerals are important to
understand various metamorphic processes. Vibrational
spectroscopy (IR and Raman) is a versatile and non-
destructive analytical tool to characterize the physico-
chemical conditions of fluid entrapment. Detailed
structural variations due to environmental impact could
be probed using this method”'?. Infrared absorption of
hydroxyl ions is generally strong, and combined FTIR
study covering both IR and NIR regimes is preferred to
resolve the nature of these ions in minerals, namely
hydrogen in the form of hydroxyl or water of crystalliza-
tion''%. On the contrary, Raman cross-sections for (OH)
groups are less and, hence, IR spectroscopy is preferred

*For correspondence. (e-mail: psrprasad 6@rediffmail.com)
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