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Results of investigation ofpatients with positive test results

Patients not taking
non-steroidal Patients taking non-steroidal

anti-inflammatory drugs anti-inflammatory drugs
(n=405) (n=50)

No disease 276 40
Total No (%) with neoplasia 129 (32) 10 (20)

(carcinoma or adenoma >1 cm)
No (%) with carcinoma 23 (5 7) 3 (6)
No (%) with adenoma (>1 cm) 106 (26-1) 7 (14)

Discussion

Although treatment with non-steroidal anti-inflammatory drugs
may cause upper gastrointestinal bleeding, any blood loss will be
subject to digestion during its passage through the proximal gut to
the colon. The pseudoperoxidase activity of the haematin necessary
to render the Hemoccult test positive and the immunological
properties of the haemoglobin molecule required for the Feca EIA
may thereby be reduced or lost completely.

The number of carcinomas detected in our study was similar in
both groups. The group taking non-steroidal anti-inflammatory
drugs had fewer adenomas than the non-treatment group; neverthe-
less, there were enough patients with adenomas in the treated group
to warrant appropriate investigation.
A positive faecal occult blood test result in patients taking non-

steroidal anti-inflammatory drugs cannot safely be attributed to
upper gastrointestinal bleeding and should be followed by a
thorough colorectal examination.

References
1 Somerville K, Faulkner G, Langman M. Non-steroidal anti-inflammatory drugs and bleeding

peptic ulcer. Lancet 1986;i:462-4.
2 Roth SH. Non-steroidal anti-inflammatory drug gastropathy. We started it-can we stop it? Arch

Intern Med 1986;146: 1075-6.
3 Hardcastle JD, Armitage NC, Chamberlain J, Amar SS, James PD, Balfour TW. Fecal occult

blood screening for colorectal cancer in the general population: results of a controlled trial.
Cancer 1986;S8:397-403.

4 Bahrt KM, Korman LY, Nashel DJ. Significance of a positive test for occult blood in stools of
patients taking anti-inflammatory drugs. Arch Intern Med 1984;144:2165-6.

5 Fries JF, Britten MC. Fenoprofen calcium in rheumatoid arthritis: a controlled double blind cross-
over evaluation. Arthritis Rheum 1973;16:629-34.

(Accepted 23 March 1987)

Deoxyribonucleic acid (DNA) polymorphism of the
al-antitrypsin gene in chronic lung disease
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Abstract
Specific gene probes were used to study restriction fragment
length polymorphisms of the human a1-antitrypsin gene. A
polymorphism due to loss of a recognition site for the restriction
enzyme Taq I was identified in eight of 42 patients with
bronchiectasis and nine of 49 patients with pulmonary emphy-
sema, none of whom had a1-antitrypsin deficiency. Among a
control group without lung disease the polymorphism was
significantly less frequent, being found in only five of 101
apparently healthy blood donors. The deoxyribonucleic acid
(DNA) polymorphism was also present in two of 14 unrelated
patients with a1-antitrypsin deficiency, indicating a lack of
association with any specific a I-antitrypsin protein phenotype.
The polymorphism identified in this study may be a new

marker for genetic predisposition to chronic lung disease.
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Introduction

People with substantially reduced concentrations of a1-antitrypsin
in serum (<35% of normal) are predisposed to developing
pulmonary emphysema.' 2 Hitherto, some 30 variants of the
proteins have been defined conventionally by isoelectric focusing.'
People with two common variants have reduced concentrations in
serum and are at risk of developing disease; ZZ homozygotes have
about 20% and SZ heterozygotes about 40% of the mean serum
concentrations found in normal MM homozygotes. This risk is
greatly increased if the subject also smokes.4
Fewer than 5% of patients with emphysema have a,-antitrypsin

deficiency.5 With specific deoxyribonucleic acid (DNA) probes we
have identified DNA variants ofthe human aI-antitrypsin gene that
are not detected by isoelectric focusing and defined one potentially
useful DNA polymorphism in relation to pulmonary emphysema.6
This paper examines whether the frequency of this DNA poly-
morphism is increased in patients with pulmonary emphysema and
bronchiectasis.

Subjects and methods
Four groups were studied: 101 healthy white blood donors (49 women,

52 men aged 18-59 (mean 31) years); 49 patients with pulmonary emphy-
sema unrelated to a,-antitrypsin deficiency (13 women, 36 men aged
38-80 (mean 56) years); 14 patients with pulmonary emphysema due to
homozygous deficiency (eight women, six men aged 24-68 (mean 42) years);
and 42 patients with bronchiectasis (20 women, 22 men aged 36-73 (mean
56) years). All the patients were white and assessed by physical examination,
chest radiography, and physiological tests of lung function.

All 63 patients with pulmonary emphysema (14 with a1-antitrypsin
deficiency) had features compatible with emphysema with or without
evidence of chronic bronchitis. Eighteen of these patients were smokers, 42
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had a long past history ofsmoking (5-60 cigarettes a day for at least 10 years),
and three patients with a,-antitrypsin deficiency had.never smoked. The
radiological criteria used to diagnose pulmonary emphysema included
hyperinflated lung fields, a paucity of vascular markings at the lung
periphery, and enlarged pulmonary arteries. The physiological criteria used
to support a diagnosis of emphysema were a reduced transfer factor for
carbon monoxide in the presence ofa decrease in forced expiratory volume in
one second and a reduction in the ratio ofthe forced expiratory volume to the
forced vital capacity when compared with predicted values (table I).
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used as probes to search for restriction endonuclease cleavage sites in and
around the a,-antitrypsin gene in the four groups of subjects. DNA was

extracted from peripheral blood leucocytes by standard techniques9 and
digested with the restriction enzyme Taq I. The fragments of DNA were

separated by electrophoresis on 1% agarose gels and transferred to nitro-
cellulose filters by Southern blotting.'0 The conditions for hybridisation
were as described.6
Serum a,-antitrypsin concentrations were measured by automated

kinetic immunonephelometry and ac-antitrypsin typing performed by

TABLE i-Mean lungfunction values (SD) in patients with pulmonary emphysema and bronchiectasis

Pulmonary emphysema aI-Antitrypsin deficiency Bronchiectasis
(n=49) (n= 12)t (n=42)

Absolute values % Ofpredicted* Absolute values % Ofpredicted* Absolute values % Of predicted*

Forced expiratory volume (1) 0-94 (0-57) 40 (20) 1-70 (0-94) 61 (27) 1-46 (0-74) 57 (29)
Forced vital capacity (1) 2-34 (0-78) 66 (20) 3-48 (1-08) 85 (17) 2-88 (0-91) 78 (19)
Forced expiratory volume/forced vital capacity (1) 39-12 (10-91) 58 (17) 46-30 (19-91) 69 (29) 49-1 (17-19) 72 (29)
Totallungcapacity(l) 6-88 (2-36) 120(18) 5 93 (1-16) 104(15) 5-75 (1-99) 99(20)
Uptake of carbon monoxide (mmol/min/kPa) 4-11 (1-24) 53(17) 6-55 (2-19) 71(29) 6'53 (2-21) 79(14)

*Percentage of predicted values expected from patient's age, sex, and height2' expressed to nearest whole number.
tTwo subjects with csI-antitrypsin deficiency did not have lung function tests.

isoelectric focusing in agarose. I" The functional activity ofacI-antitrypsin was
measured by the ability of serum to inhibit porcine pancreatic elastase in a

kinetic assay and expressed as units ofenzyme inhibited per ml serum. 2

Statistics-Frequencies of the Taq I polymorphism in patients and the
normal group were compared by xI2 x 2 contingency tables, except that the
comparison between a,-antitrypsin deficient patients and the normal group
was by Fisher's exact probability test. Log odds ratios and 95% confidence
intervals were also estimated for the polymorphism in patients with
bronchiectasis and pulmonary emphysema.

Results

TAQ I POLYMORPHISM

Figure 1 shows the a1-antitrypsin fragments detected by Southern
blotting and autoradiography when genomic DNA from a normal subject
and a heterozygote and a homozygote was digested with Taq I and probed
with a1pAT 6'5. The normal subject showed three bands of 5 7, 1-5, and 1-0
kilobase pairs (kbp). In the heterozygote there was an additional band of2-4
kbp and in the homozygote a band of2-4 kbp and loss ofthe band of 1-5 kbp.

Figure 2 shows a limited restriction endonuclease map of the human
a,-antitrypsin gene with the predicted recognition sites for the enzyme
Taq I. Eight Taq I sites were normally present in and around the a,-
antitrypsin gene. In addition to the bands shown in figure 1, there were five
Taq I fragments that should have been detected byoa pAT 6 5, which range

from 0-08 to 0-69 kbp. These fragments, however, were too small to be seen

by Southern blotting. The 2-4 kbp variant allele was due to loss of a

recognition sequence for Taq I (fig 2). The complementary DNA probe
which spans exonV also detected the 2-4 kbp variant allele in addition to the
invariant allele at 1S5 kbp, conrming the location of this polymorphism. A
further Taq I polymorphism was present in the gene (fig 2) and has been

Homozygote Normal Normal
subject subject

FIG 1-Autoradiograph showing 2-4 kbp (kilobase pairs) poly-
morphism ofa,-antitrypsin gene detected with restriction enzyme
Taq I.

The group of patients with bronchiectasis included 23 lifetime non-
smokers and 10 ex-smokers who had smoked 20-40 cigarettes a day for seven
to 45 years; these patients had quitted the habit some four to 26 years

previously. The diagnosis was supported by bronchography and clinical
assessment. No patient had immune deficiency or the immotile cilia
syndrome.
Genomic (ajpAT 6-5)' and complementary DNA (apNJ)' clones were

0 5-7 6-1 7-2 7-6 8-3 8-7

Kilobase pairs

10'3 11'-2

FIG 2-Human a,-antitrypsin gene. Black areas represent coding sequences
(exons II-V; exon I not translated). Restriction enzyme sites: Bam H I (B); Taq I
(T). V =Loss ofTaq I site resulting in 2-4 kbp (kilobase pairs) band. * =Likely
position of extra Taq I restriction site producing polymorphism described
previously.'3
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described previously. I3 There was no difference in the frequency of 30% for
the second polymorphism between the normal subjects and patients (results
not shown).

Table II shows the frequencies of the 2 4 kbp Taq I polymorphism in the
controls and patients. The polymorphism was present in patients with

TABLE ni-Frequency of 2-4 kbp Taq I polymorphism in a,-antittypsin gene in
control population and patients with pulmonary emphysema and bronchiectasis.
(Figures in parentheses are numbers of homozygotes)

Taq I polymorphism

Present Absent

Controls 5 96
Pulmonary emphysema with aI-antitrypsin deficiency 2 12
Pulmonary emphysema without ac-antitrypsin deficiency 9* (2) 40
Bronchiectasis 8* (1) 34

*Compared with controls p<0-01 (x2 test).

pulmonary emphysema but who were not a,-antitrypsin deficient at a
frequency of 3-7 times that in normal people (X2=7-13; p<0.01). This gave a
mean log odds ratio of 1-415 with a 95% confidence interval of 0-302 to
2 527. The polymorphism was also present at a significantly higher
frequency in patients with bronchiectasis (X2=7.435; p<001), giving a log
odds ratio of 1-449, 95% confidence interval 0-351 to 2 635. The frequency
of the polymorphism in patients with a,-antitrypsin deficiency was not
significantly different from that in the normal group.

(tI-ANTITRYPSIN PROTEIN TYPES

Table III shows the mean serum ac-antitrypsin concentrations and mean
serum elastase inhibitory capacities in subjects with and without the
polymorphism. The mean serum concentration for homozygous MM
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PATIENTS WITH TAQ I POLYMORPHISM

None of the subjects were related and only two came from the same
locality. The nine patients with pulmonary emphysema (table II) were
aged between 42 and 80 at the time of diagnosis and all had been long-
standing cigarette smokers. Each had appreciable airways obstruction and
radiological features of emphysema. The nine patients had generalised
emphysema, and two of the patients with a,-antitrypsin deficiency had
typical basal emphysema. There were no clinical features that separated
them from the remaining patients with emphysema. The patients with
bronchiectasis who had the polymorphism included four non-smokers and
four ex-smokers.
The three patients who were homozygous for the polymorphism could not

be distinguished clinically from heterozygotes. Furthermore, all were of the
MM protein type with appropriate serum a,-antitrypsin concentrations and
functional activity (results not shown).

Discussion

We have identified a polymorphism in a flanking sequence of
the a,-antitrypsin gene which occurred at significantly higher
frequency in a group of patients with chronic lung disease. The
frequency of the Taq I polymorphism in our control population was
nearly identical with that in a North American white population.'5
One report, however, has suggested that the Taq I polymorphism is
present in about 10% ofM alleles but it was not stated whether the
population sample included patients with lung disease.'6 Probably
the frequency of the polymorphism is constant in white people, and
population differences are unlikely to have accounted for the higher
frequency of the polymorphism in our group of patients with
chronic lung disease.
The mean log odds ratios were equivalent to odds of 26:1 for

developing pulmonary emphysema and 28:1 for developing
bronchiectasis if a subject carried the polymorphism. A larger study
is required to improve the confidence intervals.

Thepolymorphismwasnotassociatedwithclassicalca1-antitrypsin

TABLE ii--ac-Antitrypsin types, mean serum a,-antitrypsin concentrations (SD), and mean units ofelastase inhibited (SD) by serum a,-antitnypsin in subjects with and without
2-4 kbp TaqI polymorphism (n=206)

Taq I polymorphism

Present Absent

MM MS MZ FM ZZ MM MS MZ FM ZZ

a,-Antitrypsin type 17 1 2 2 2 138 22 7 3 12
Meancat-antitrypsin(g/1)[146(0 64)]* 1-53(0-51) 1-20 1-15 1-50 0 30 1-74(0-57) 1-31(0-29) 0-95(0-21) 1-53 0-41
Unitsofelastaseinhibited/mlserum[13(4)J* 13-20(3-78) 12-11 10-90 13-60 2-61 15-12(3-91) 11-71(3-15) 7-91(2-54) 14-15 3-15(1-06)

*Figures in square brackets are means (SD) of reference ranges.

phenotypes was higher than the mean of our reference range. This was
probably due to the "acute phase" response which occurs after inflammation
and results in a rise in the serum concentration of at-antitrypsin.'4 The
polymorphism did not appear to have a strong association with any
particular a1-antitrypsin protein type (table IV). The functional activity,
measured by the capacity ofserum to inhibit porcine pancreatic elastase, was
compatible with the serum concentration of a,-antitrypsin, suggesting that
there were no functionally abnormal ac-antitrypsin variants related to the
polymorphism.

TABLE iv-al-Antitrypsin types in controls and patients with 2-4 kbp Taq I
polymorphism, excluding patients with classical a-antitrypsin deficiency

MM FM MS Mz

Controls 2 1 1 1
Pulmonary emphysema 7 1 - 1
Bronchiectasis 8 -

deficiency and not strongly associated with any specific a,-
antitrypsin protein type. Furthermore, we were unable to detect a
reduction in the concentration or function of aI-antitrypsin in
serum. The mean serum concentrations were in fact higher than
expected. This suggests that the increase was likely to have been
related to the underlying inflammatory process,'4 but there is no way
of knowing whether this increase was appropriate for the degree of
inflammation.
We did not investigate whether the a1-antitrypsin in these

subjects was more susceptible to oxidative inactivation at the
methionine residue of its active site, an unlikely possibility as the
polymorphism does not appear to occur in association with a specific
protein type. The DNA sequence at the site of the polymorphism
may have a role in expressing the a,-antitrypsin gene during
inflammation, a possibility that can be investigated only when the
gene with the variant allele has been cloned. Preliminary DNA
sequencing data of the normal gene at the site of the Taq I
polymorphism show a potential alternative polyadenylation signal
roughly 25 base pairs away (unpublished observations), which may
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serve to regulate gene expression during inflammation. This signal
may be deleted in people with the Taq I polymorphism or the
polymorphism may be silent.

If the polymorphism is silent and associated with chronic lung
disease the lack of a strong association with any particular protein
type for ac-antitrypsin suggests that there may be other closely
linked genes which contribute to chronic lung disease. The Taq I
polymorphism may be coinherited with an abnormal gene. Of
potential importance, for example, are a gene related sequence'7 and
ac-antichymotrypsin,'8 which by in situ hybridisation shows similar
chromosomal locations to ac-antitrypsin on chromosome 14. Little
work has been done on the genetics of a I-antichymotrypsin and the
gene related sequence has not been characterised. The importance
of abnormalities in these genes and as yet undescribed genes on
chromosome 14 in the pathogenesis of chronic lung disease merits
further investigation.
The association of a,-antitrypsin deficiency and pulmonary

emphysema is related to the lack of protection against neutrophil
elastase in the lower respiratory tract, and there is a suggestion that
similar mechanisms may operate in bronchiectasis. Proteolytic
enzymes have been implicated in the pathogenesis of bronchi-
ectasis. 9 Additionally there are isolated reports of bronchiectasis
in patients with ac-antitrypsin deficiency.20 The unexpected
association of the polymorphism with both diseases suggests that
there may be more than one genetic determinant in common related
to the control of proteinases.

Clearly there are people in the general population with the
restriction fragment length polymorphism who do not have any
evidence of lung disease. We do not know if all people with the
polymorphism have an increased risk of developing pulmonary
emphysema or bronchiectasis. Long term prospective studies in a
large population group would be required to investigate the relative
risk in this group. People at risk should be strongly discouraged
from smoking.

We thank Dr J A F Napier, of the Regional Blood Transfusion Service,
and all the physicians who cooperated in providing blood samples; Dr S
Woo, Baylor Medical College, Houston, Texas, for the gift of genomic
DNA; and S L Hill, who helped with lung function testing and sample

collections. The work was supported by the Welsh Scheme for Health and
Social Research.

References
1 Eriksson S. Studies of al-antitrypsin deficiency. Acta MedScand 1965;177(suppl 432):1-85.
2 Gadek JE, Crystal RG. ao-Antitrypsin deficiency. In: Stanbury JB, Wyngaarden JB, Fredrickson

DS, Goldstein JL, Brown MS, eds. The metabolic basis ofinherited disease. New York: McGraw-
Hill, 1983:1451-66.

3 Carrell RW, Owen MC. ao-Antitrypsin: structure, variation and disease. In: Marks V, Hales CN,
eds. Essays in medical biochemistry Vol 4. London: Biochemical Society, 1979:83-119.

4 Tobin MJ, Cook PJL, Hutchinson DCS. Alpha1-antitrypsin deficiency; the clinical and
physiological features of pulmonary emphysema in subjects homozygous for Pi type Z. BrJ Dis
Chest 1983;77:14-27.

5 Mittman C, Barbella T, Lieberman J. Alphat-antitrypsin deficiency as an indicator of sus-
ceptibility to pulmonary disease. J7 Occup Med 1973;15:33-8.

6 Hodgson I, Kalsheker N. DNA polymorphisms of the human alpha,-antitrypsin (AAT) gene in
normal subjects and in patients with pulmonary emphysema. J Med Genet 1987;24:47-51.

7 Long GL, Chandra T, Woo SLC, Davie EW, Kurachi K. Complete sequence of the cDNA for
human alphat-antitrypsin and the gene for the S variant. Biochemistry 1984;23:4828-37.

8 Rogers J, Kalsheker N, Wallis S, et al. The isolation of a clone for human al-antitrypsin and the
detection of al-antitrypsin in inRNA from liver and leukocytes. Biochem Biophys Res Commun
1983;116:375-82.

9 Kunkel LM, Smith DK, Boyer SH, et al. Analysis of human-Y-chromosome specific reiterated
DNA in chromosome variants. Proc NatlAcad Sci USA 1977;74:1245-9.

10 Southern EM. Detection of specific sequences among DNA fragments separated by gel
electrophoresis. J MolBiol 1975;98:503-17.

11 Qureshi AR, Punnett HH. An improved method for phenotyping of alpha1-antitrypsin variants
using separator isoelectric focusing on thin layer agarose gel. Anal Biochem 1982;125:335-8.

12 Klumpp T, Bieth JG. Automated measurement of the elastase-inhibitor capacity ofplasma with a
centrifugal analyser. Clin Chem 1979;25:969-72.

13 Cox DW, Woo SLC, Mansfield T. DNA restriction fragments associated with al-antitrypsin
indicate a single origin for deficiency allele, Pi Z. Nature 1985;316:79-81.

14 Milford Ward A. al-Antitrypsin. In: Milford Ward A, Whicher JT, eds. Immunochemistry in
clinical laboratowy medicine. Lancaster: MTP Press, 1979:183-95.

15 Matteson HJ, Ostrer H, Chakravarti A, et al. A study of restriction fragment length
polymorphisms at the human alphat-antitrypsin locus. Hum Genet 1985;69:263-7.

16 Brantly M, Paul L, Strauss S, et al. Heterogeneity of al-antitrypsin gene sequences among
individuals with the M phenotype. Clin Res 1984;32:A288.

17 Lai EC, Kao FT, Law ML, Woo SLC. Assignment of the alphat-antitrypsin and a sequence
related gene to human chromosome 14 by molecular hybridisation. Am J Hum Genet
1983;35:385-92.

18 Rabin M, Watson M, Kidd V, Woo SLC, Breg WR, Ruddle FH. Regional location of
al-antichymotrypsin and al-antitrypsin genes on human chromosome 14. Somatic Cell Mol
Genet 1986;12:209-14.

19 Stockley RA. Proteolytic enzymes, their inhibitors and lung disease. Clin Sci 1983;64:119-26.
20 Jones DK, Gaddon D, Cavanagh P. Alpha-l-antitrypsin deficiency presenting as bronchiectasis.

BrJ Dis Chest 1985;79:3014.
21 Cotes JE. Lung function throughout life: determinants and reference values. Lutig function

assessment and applications in medicine. 3rd ed. Oxiord: Blackwell Scientific, 1975:386-7.

(Accepted 15 April 1987)

100 YEARS AGO

The long spell ofdry, hot weather which set in during the first week ofJune,
and has since prevailed throughout the whole country, is almost without a
parallel within the last twenty years, especially when account is taken of the
fact that the whole of the present year has been marked by an exceptionally
small rainfall. During the past week some few welcome showers have fallen
in various parts of the country with beneficial results, but more rain is
needed, and that soon, to arrest the evils that have accompanied the drought.
On June 1st, agriculturists were complaining that, owing to the cold spring
and the delay in the appearance ofsummer weather, the crops generally were
terribly backward, and the harvest would be late and poor; but before the
end of the month they had occasion to complain that the great heat had
brought the corn prematurely into ear. At the present time some ofthe crops
are suffering much, the grass is bare and scorched, and the cattle are
distressed from want of water. One immediate result has been a decrease in
our milk-supply, with the prospect ofa further failure. From a sanitary point
ofview, the drought has brought its lessons. A scarcity, ifnot a failure, in the
domestic water-supplies has been very generally experienced throughout the
country, and it is to be feared that doubtfully pure sources of supply have
very frequently been resorted to without due precaution, such as boiling the
water before use. We have already recently referred to the misfortunes ofthe
100,000 inhabitants of Swansea, who, after an expenditure of about
£300,000 on waterworks, have been afflicted with a veritable water-famine,
owing to a defect in the main reservoir. For some time the water was turned
on only once every three days; water was pumped from disused colliery
workings and from old wells that years ago had been closed as polluted;

numbers of workmen were thrown out of employment by the closing of
works that could not be carried on without water: and there was no water for
extinguishing fires. Kidderminster, on the other hand, has been reaping the
benefits of the Town Council's action in constructing a new covered
reservoir and improving the water-supply. It is to be hoped that the
hardships and dangers of the present season will lead to the construction of
works for the storage ofwater where they have been found to be needed. The
flushing ofsewers is a matter ofsupreme importance to the public health, but
we fear it has been much neglected in many cases during the past few weeks,
although a little trouble and temporary expense might have overcome the
difficulty. Thus, at Kidderminster the steam fire-engine has been made use
of for pumping water from the River Stour for street-watering and such like
purposes; whilst towns on the sea-coast might with great advantage have
adopted more generally the system of sewer-flushing and street-watering
with sea-water, which has been put into practice with good results at
Yarmouth, Bournemouth, and other towns. Another evil which the dry
weather has intensified is the pollution ofmany of our rivers and streams by
crude or insufficiently purified sewage and filth, and on this ground there
have been loud complaints as to the state of the Irwell, the Thames, and
many other important rivers. It is to be hoped that sanitary workers will not
overlook these and the many other lessons taught by the recent drought, and
that they will use the opportunity to urge reforms in these directions. It will
be interesting to note the effect which the rain, when it comes, will have on
the public health.

(British MedicalJournal 1887;ii: 198.)


