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siderable emotional and practical support at this time.' , After 
discharge they are, like the patient, uncertain about how to 
behave, how protective they should be, and the long-term 
implications. 

Relatively simple measures will probably be of substantial 
benefit in increasing understanding and reducing unnecessary 
social morbidity, and more complex rehabilitation should be 
reserved for the few who remain unnecessarily disabled. Aware-
ness of the needs of patients and families, allocation of the 
responsibility for giving information, written guidance, and 
improved communication with the general practitioner should 
all be possible without making overwhelming demands on 
hospital staff.' There is a need for evaluation both of such 
measures and of exercise programmes and perhaps the use of 
nurses to supervise and co-ordinate convalescence. 

Hospital Topics 

The research was financed by a grant from the British Heart 
Foundation. We thank the physicians, staff, and patients of the Rad-
cliffe Infirmary for their co-operation. 
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Summary 

A prospective study of hepatitis in over two-thirds of the 
dialysis units in the United Kingdom has continued 
since 1968. After the introduction of a control and pre-
ventive programme in 1970 there was a sustained decline 
in the incidence of hepatitis B to the low level of 0.3°x, 
among patients and 0•l0o among staff in 1973—a greater 
than tenfold decrease in four years. Comparisons with 
data from other countries suggest that the almost com-
plete elimination of hepatitis B from dialysis units in the 
UK was due to the preventive programme. 

Introduction 

A prospective survey of the incidence of hepatitis in haemo-
dialysis units that began in 1968 was combined in January 1970 
with a hepatitis B prevention programme, based on regular 
tests for hepatitis B surface antigen (HBsAg) of sera from patients 
and staff before entry to the units and at regular intervals after-
wards, dialysis in isolation of infected patients, and appropriate 
cross-infection precautions. The study results showed a three-
fold decrease in the incidence of hepatitis B infections among 
patients and staff from 1970 to 1972. The results of the survey 
in 1973 are reported here. 

Method 

The method has been described elsewhere.'' In addition, in 1973 
records were completed for all patients who had been treated in the 

'The survey was co-ordinated and the report prepared by Sheila Polakoff, 
Mn, MFCM, consultant epidemiologist, Epidemiological Research Laboratory, 
Central Public Health Laboratory, London NW9 5HT. The collaborators 
in the study are listed in the appendix. 

units and who were being maintained by dialysis at home or by 
transplants. 

Results 

In 1973, 33 of the 48 haemodialysis and transplant units in the 
United Kingdom were included in the survey. Formerly records had 
not been returned for staff concerned with transplantation, and, 
although it was planned that this staff group would be included in 
1973, few units returned the relevant records, so transplant staff con-
tinued to be excluded from estimates of incidence. 

Hepatitis B outbreaks—There were no new outbreaks of hepatitis B 
in 1973, and hepatitis B infections developed in only three patients, 
who were all in one unit in which a hepatitis B outbreak had been in 
progress since 1970. This outbreak ended in the unit in mid-1973. 
Six months after the last HBsAg carrier was dialysed in the unit it 
was cleared of patients and equipment, thoroughly cleaned, dis-
infected, and re-equipped before patients, known to be HBsAg-
negative, were admitted. In the associated transplant unit, however, 
HBsAg carriers continued to undergo transplantation, and, in contrast 
to the absence of infection among the staff of the haemodialysis unit, 
two nurses in the transplant unit developed hepatitis B infections in 
1973. No hepatitis B infections of patients or staff in either the haemo-
dialysis or the transplant unit were reported in the following year. 

Introduction of HBsAg to units—HBsAg was not detected in the 
serum of any patient in the 32 units without outbreaks of hepatitis B. 
HBsAg was, however, introduced into a unit by a doctor who began 
duty without undergoing a HBsAg screening test; he worked in the 
unit for 12 weeks before he was identified as a symptomless HBsAg 
carrier and transferred to another department. No evidence of 
hepatitis B infection of patients or other staff of the unit was found 
then or later. This finding is in keeping with the outcome of two 
similar incidents in 1971, in each of which a nurse who was a HBsAg 
carrier worked in a unit for about three months without transmitting 
infection. 

Incidence of hepatitis B—The incidence of hepatitis B infection in 
the survey units as a whole decreased to 0.3 per 100 patients, com-
pared with 1.4 in 1972, 3.5 in 1971, and 4.9 in 1970 (table I). Among 
the staff of haemodialysis units the incidence rate, which rested solely 
on the HBsAg carrier doctor described above, was 0.1 per 100 persons, 
compared with 0.4 in 1972, 0.8 in 1971, and 1.3 in 1970. 
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TABLE I-Incidence of hepatitis in patients and staff of haemodialysis units in 1970-3 
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` 
Year 

I I 
No of 
units 

No of people 
in unit 

No of person 
years in 

No of hepatitis infections  Incidence rate 
I 

HBsAg associated Other All 
surveyed J during year unit HBsAg 

(for -1 week) asso- Other+ All per 100 per 100 per 100 per 100 per 100 
ciated persons person persons persons person 

years years 

Patients 1970 I 28 i 770 376 38 20 58 4.9 1 10.1 2.6  7.5 15.4 
! 1971 29 886 481 31 20 51 35 6-4 23 58 10,6 

1972 29 - 978 497 14 9 23 1.4 2.8 0.9 2.4 4.6 
1973 33 1034 458 3 45$ 48 03 0-7 44 46 10.5 

Staff 1970 28 1421 835 19 2 21 1.3 2.3 0.1 1.5 2.5 
1971 29 1456 961 11 1 12 0.8 1.1 0.1 08 12 
1972 29 1 1372 - 979 6 1 7 0.4 0.6 0.1 0.5 0.7 
1973 33 1355 940 1* 1 2 0.1 01 0-1 01 02 

*Two transplant nurses also infected in outbreak (see text). 
tClinical hepatitis non-B or serum aminotransferase or bilirubin levels above the upper limits of normal. 
142 had abnormalities of serum aminotransferases only (see text). 

Other types of hepatitis-The number of patients with abnormalities 
that might have been due to viral hepatitis rose to 45; in 42 cases the 
suspicion was based only on raised serum aminotransferase levels, but 
three patients had abnormal serum bilirubin levels also. None had any 
evidence of hepatitis B infection. The patients were reported from 11 
units; one from each of five, two from two, and more than two from 
the remaining four. Of the four units with many cases, one was the 
unit with the hepatitis B outbreak, the end of which was complicated 
by the finding of abnormal aminotransferase levels in sera from some 
patients, though evidence of hepatitis B infection could not be 
detected in serial samples of their sera (taken at two-weekly intervals 
and tested by both immunoelectro-osmophoresis and radioimmuno-
assay). Another of the four units was one in which an outbreak of 
hepatitis, non-B, began before 1968t1 and in which patients with 
abnormal serum aminotransferase levels continued to be detected 
throughout 1969-73. Human normal immunoglobulin was used 
regularly for prophylaxis in only one of the 11 units. None of the staff 
of the 11 units developed clinical hepatitis. Among the staff of all 33 
units there was only one case of clinical hepatitis, non-B; the infected 
nurse worked in a unit in which none of the patients showed any 
evidence of hepatitis. The incidence rate of other types of hepatitis 
among patients was higher in 1973-4.4 per 100 patients-than in the 
previous peak year, 1970, when the corresponding rate was 2.6 per 
100 patients. Among staff the incidence rate of clinical hepatitis, 
non-B, remained the same--0.1 per 100 persons-during the four 
years 1970-3. 

Prevalence of HBsAg carriage among patients-In 1973, 1913 
patients with chronic renal failure were being maintained under the 
care of the 33 units, 1034 by dialysis in the units, 520 by dialysis at 
home (including one in hospital isolation), and the remaining 359 by 
transplanted kidneys. Of the 1913 patients 33 were HBsAg carriers in 
1973 and a further eight-not tested in 1973-had been persistent 
carriers previously; if these eight are assumed to have continued 
HBsAg carriage the prevalence rate of HBsAg among all patients in 
1973 was 2.1 per 100 patients (table II). The difference in the carrier 
rates between patients dialysed in the units and patients in the other 
two groups resulted from the policies adopted to control and prevent 
hepatitis B outbreaks. These 41 HBsAg carriers were the remainder 
of 106 infected patients who were involved in hepatitis B outbreaks or 
incidents in the 33 units during the years 1968-73. Of the 65 who did 
not appear in the prevalence rates in 1973 nine had clinical attacks-
not confirmed by HBsAg tests-in hepatitis B outbreaks, 31 died, one 
emigrated before 1973, and 24 no longer had HBsAg in their sera in 
1973. The 24 who became HBsAg-negative were maintained by 

TABLE ti-Prevalence during 1973 of HBsAg carriage among patients with 
chronic renal failure under care of survey units. Figures in parentheses include 
three patients on home dialysis and five with transplants who were previously 
HBsAg carriers bur were not tested in 1973 

Place and type of treatment in 1973

Dialysis  Trans- Total 
In unit At home  planted I 

No of patients . . .. 1034 5201 359 j 1913 
HBsAg carrier patients: 

No .. . . . . .. 2* 15 (18) 16 (21)  33 (41) 
°o . . . . . . .. 0.2 2.9 (3.5) 4.5 (5.8)  1.7 (2.1) 

*Infected in 1973 during outbreak, then transferred to home dialysis. 
tOne HBsAg carrier in hospital isolation included. 

dialysis; all 16 transplanted patients who were tested in 1973 remained 
HBsAg carriers. 

Hepatitis B among home contacts-Three relatives-a husband, a 
wife, and a daughter-of three infected patients were reported to have 
developed clinical hepatitis B in 1973. The two spouses had been 
exposed to the HBsAg carrier patients for long periods before their 
attacks; in one case the patient had been a HBsAg carrier since 1970 
and had undergone dialysis at home since 1971, and in the other case 
the patient was a HBsAg carrier who had had a functioning transplant 
since 1971. The daughter's illness, however, appeared four months 
after the onset of clinical hepatitis in her mother and three months 
after her transfer to home dialysis. 

Blood transfusions, which had been reduced from an average of 6.5 
units per patient year in 1970 to 2.7 units in 1972, were further 
reduced to 1.9 units per patient year in 1973. 

Discussion 

A decline in the incidence of a disease after a prevention pro-
gramme has been introduced must, if a controlled study has not 
been made, lead to the question: Was the improvement due to 
the action taken ? The only available approach to an answer is to 
compare the hepatitis B incidence rates found in this study with 
data available from dialysis units in countries in which similar 
prevention programmes were not used. Formerly such com-
parisons would have been considered biased by differences 
between countries in HBsAg carrier rates of blood donors. It is 
now generally accepted, however, that the role of blood trans-
fusions has been exaggerated and that cross-infection within 
units is the chief means of perpetuating hepatitis B.' ° The data 
show that hepatitis B is still rife in dialysis units in Europe and 
in the USA. Out of about 11 000 patients in European units in 
1973 10° %, had acquired HBsAg previously, and HBsAg was 
detected in the sera of a further 10% during that year.° Infection 
rates of staff in these units were not available. In over 20 units 
in the USA during the period mid-1972 to 1974 clinical 
hepatitis B or symptomless HBsAg developed in 24°0 of 
patients who had had no evidence of hepatitis infection at entry, 
who received no prophylaxis other than human normal immuno-
globulin, and who remained in the units for a year. The cor-
responding attack rate for staff was 11%.8 Compared with 
these rates, the reversal of a rising trend and the greater than 
tenfold decrease in the incidence of hepatitis B infection among 
staff and patients in the four years of the prevention programme 
in the UK is dramatic. Indeed, the programme might well be 
considered "a ' of so real and considerable an effect that 
the inclusion of a control group in the study was not essential. 

An effective hepatitis B prevention programme should not 
only reduce infection in the units but also, by limiting cross-
infection, keep to a minimum the pool of HBsAg carriers 
among all patients with chronic renal failure under the care of 
the units, including those being dialysed at home or maintained 
by transplants. These results show that out of almost 2000 
patients being maintained by the survey units in 1973 only 2% 
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were HBsAg carriers. This compares favourably with the corre-
sponding rates in 1973 for Europe as a whole: out of about 
16 000 patients 18'„ were HBsAg carriers.' Similar data are not 
available for the USA, but a point prevalence study made in 15 
centres in the USA during 1972-3 showed that HBsAg was 
detected in the sera of 17'„ of almost 600 patients'; this suggests 
that the prevalence in the USA is similar to that in Europe as a 
whole. 

Another means of preventing hepatitis B in haemodialysis 
units is afforded by immunoglobulin prepared from human sera 
with high titres of antibody to HBsAg. Results of controlled 
trials with this material, performed in the USA^ and Belgium,' 
showed that it had a substantial protective effect among patients. 
Nevertheless, among participants in the USA who received two 
doses of the material at four monthly intervals and who remained 
in the units clinical hepatitis B or HBsAg developed in no less 
than 4.9„ of patients and 5.5"„ of staff within eight months of 
entry to the trial. Furthermore, there was no evidence of a reduc-
tion of persistent HBsAg carriage among those who were in-
fected. 

Regular prophylaxis with "specific" immunoglobulin should 
undoubtedly reduce the incidence of hepatitis B in heavily in-
fected units, but this method used alone is unlikely to lead to the 
low level of infection observed in the survey units in the UK 
in 1973. 

Analyses of the survey results for 1974-5 are incomplete, but 
the records suggest that hepatitis B incidence rates remain as 
low as in 1973. This being so, routine prophylaxis with "specific" 
immunoglobulin seems unnecessary in the UK, but supplies of 
the material, held by the Public Health Laboratory Service, are 
available to unit directors as an additional precautionary 
measure when an antigenaemic patient is detected in a unit or 
when staff or home dialysis assistants sustain any of the following 
accidents with material containing HBsAg: inoculation, 
ingestion, contamination of mucous membranes, or cuts or 
abrasions of skin. 

Exclusion of staff who are HBsAg carriers from work in the 
units is part of the prevention programme, though there is no 
clear evidence that a hepatitis outbreak has ever originated from 
a healthy carrier among the staff in a dialysis unit in the UK. 
The fact that in 1973, for the third time during the survey, a 
healthy HBsAg carrier worked in a unit for three months 
without sequelae suggests that such staff present little hazard of 
infection to even the most vulnerable patients. The danger of 
hepatitis B outbreaks in dialysis units is so great, however, that 
unit directors are unlikely to accept staff who are carriers until 
there is further evidence that they are innocuous. 

The remaining question raised by the results in 1973 is 
whether the increased number of reports of patients with 
abnormal serum aminotransferase levels indicate that viral 
hepatitis, non-B, is now becoming a problem in the units. 
Though continued surveillance is certainly required, there are 
two reasons for believing that there is as yet no need for alarm. 
Firstly, some of the increase is probably artificial: the Depart-
ment of Health and Social Security's advisory report," which 
became available in July 1972, recommended that serum amino-
transferase and bilirubin levels in patients' sera should be meas-
ured each month in addition to HBsAg tests; a large increase in 
the number of tests made probably revealed transient abnormal-
ities that formerly remained undetected. Unit directors ascribed 
many of these abnormalities to causes other than viral hepatitis, 
but by definition in this survey any patient with a serum amino-
transferase level above the upper limit of normal is included in 
the group of those who may have other types of hepatitis. 
Secondly, none of the staff of the 11 units in which the patients 
with abnormal serum aminotransferase levels were treated 
developed clinical hepatitis even though none—except in one 
unit—was given human normal immunoglobulin prophylactic-
ally. If these abnormalities among patients are due to viral 
hepatitis the absence of obvious illness among the staff cannot 
be accounted for unless it is assumed that either the causal 

viruses rarely cause clinical illness or they are so common that 
all the staff have acquired immunity from previous exposures. 

We are grateful to the dialysis unit staff who completed the records 
and dispatched the specimens. We thank Mrs J Miller and other 
members of the staff of the Epidemiological Research Laboratory for 
helping with the co-ordination of the survey. 

Appendix 

CLINICIANS: Dr W R Cattell, St Bartholomew's Hospital, London; Dr G R D 
Catto, Aberdeen Royal Infirmary; Dr G F Cohen, Derby City Hospital; Dr G A 
Coles, Cardiff Royal Infirmary; Professor H E de Wardener, Charing Cross Hospital, 
London; Dr D C Dukes, Walsgrave Hospital, Coventry; Dr A J Eisinger, St Helier 
Hospital, Carshalton; Dr D B Evans, Addenbrooke's Hospital, Cambridge; Wing 
Commander C T Flynn, RAF Halton; Dr R Gabriel, Hull Royal Infirmary; Dr M J 
Goggin, Kent and Canterbury Hospital; Dr Hi Goldsmith, Sefton General ospital, 
Liverpool; Dr F P Marsh and Dr F J Goodwin, London Hospital; Dr G H Hall, 
Whipton Hospital, Exeter; Dr B Hulme, St Mary's Hospital, London; Professor 
A C Kennedy, Royal Infirmary, Glasgow; Dr D H Kenward, North Ormesby 
Hospital, Middlesbrough; Professor D N S Kerr, Royal Infirmary, Newcastle upon 
Tyne; Dr H M Leather, Plymouth General Hospital; Dr M G McGeown, Belfast 
City Hospital; Dr A I Macdougall, Stobhill General Hospital, Glasgow; Dr J C 
MacKenzie, Southnaead Hospital, Bristol; Dr A M Martin, Royal Infirmary, 
Sunderland; Dr J F Moorhead, Royal Free Hospital, London; Dr C S Ogg, Guy's 
Hospital, London; Dr D 0 Oliver, Churchill Hospital, Oxford; Dr F M Parsons, 
General Infirmary, Leeds; Dr V Parsons, King's College Hospital, London; Dr A M 
Paton, Western Infirmary, Glasgow; Professor A Polak, St Mary's Hospital, Ports-
mouth; Dr A J Ralston, Withington Hospital, Manchester; Mr R A Sells, Liverpool 
Royal Infirmary; Dr R Uldall, Newcastle General Hospital. 

VIROLOGISTS: Dr B W Barton, Public Health Laboratory (PHL), Derby; Dr 
Suzanne K R Clarke, PHL, Bristol; Dr J C Coleman, Charing Cross Hospital, 
London; Dr J H Connolly, Department of Microbiology and Immunobiology, 
Belfast; Dr Yvonne E Cossart, Central Public Health Laboratory, London; Dr D S 
Dane, Middlesex Hospital, London; Dr A D Evans, PHL, Cardiff; Dr T H Flewett, 
East Birmingham Hospital; Dr J V T Gostling, PHL, Portsmouth; Dr J H Hale, 
PHL, Newcastle upon Tyne; Dr M H Hambling, PHL, Leeds; Dr R J C Hart, 
PHL, Exeter; Dr Jenny Heathcote, Royal Free Hospital, London; Dr D J Jeffries, 
St Mary's Hospital, London; Dr D M Jones, PHL, Manchester; Dr F 0 MacCallum, 
Radcliffe Infirmary, Oxford; Dr P D Mews, PHL, Plymouth; Dr Margaret A J 
Moffat, University of Aberdeen; Dr P R Mortimer, PHL, Middlesbrough; Dr J 
Nagington, PHL, Cambridge; Dr T H Pennington, Institute of Virology, Glasgow; 
Dr G C Turner, PHL, Liverpool. 

STATISTICIAN: Mrs H E Tillett, Central Public Health Laboratory, London. 
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Over 50 strains of Salmonella alachua have been isolated in two hospitals 
in an Indian city from the cerebrospinal fluid in 40 cases of neonatal 
meningitis and in some cases of diarrhoea in babies aged under 6 months. 
What are the clinical features of this infection in man, particularly 
neonates ? 

Bacterial meningitis may occur after infection with almost any 
salmonella serotype, and I am not aware that some serotypes are more 
likely than others to cause this complication. Some salmonellas (other 
than those causing typhoid) are said to be especially likely to produce 
systemic infection, but Salmonella alachua is not recognised as one of 
these. If the neonates were born in the two hospitals mentioned it 
is more likely that S alachua was endemic in the neonatal or children's 
wards and that the infections were acquired by cross-infection. The 
continuous existence of a common source of the organism such as the 
local milk supply should also be considered. In salmonella infection 
the risk of meningitis is greater in neonates than in adults or children,'' 
and this could explain the unexpectedly high number of cases due to 
this particular salmonella. It would be of interest to know if S alachua 
has been isolated from any mothers, members of staff, or the environ-
ment in these wards. 
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