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Appendix D to HAG(70)2. 

Infection Risks of Haemodialysis—Some Preventive Aspects 

A Report to the Public Health Laboratory Service by the Working Party on 
Haemodialysis Unitse 

P.ir. „vd.,y., 1968, 3,454-168 

Summary ; Three aspects of haemodialysis are of special 
concern to the microbiologist : (1) the hepatitis risk, 

(2) shunt sepsis, and (3) the hygiene of the equipment 
used. It is suggested that the risks of infection and cross-
infection is haemodialysis units may be diminished by 
several measures, including the avoidance of overcrowd-
ing the patients. setting up codes of practice for the staff, 
topical disinfection of the patients skin, and sterilization 
of equipment. In addition pathologists should emphasize 
to laboratory staff dealing with specimens from patients 
that these carry major risks to health. , 

Introduction 

Intermittent haemodialysis for chronic renal failure is now 
being practised at 28 centres in Britain, and six more main 
units and two satellite units are in the planning stage. Bacterio-
logists in several Public Health Laboratory Service (P.H.L.S.) 
laboratories have been asked for guidance on problems associated 
with these units, but have found it difficult to obtain reliable 
information on which to base their advice. A P.H.L.S. work-
ing party with power to co-opt experts not in the Service has 
therefore been set up to study the microbiological aspects of 
haemodialysis. The working parry is anxious to help in tack-
ling some of the practical problems in this field. The following 
preliminary note on some of the issues that arise may be of 
use, particularly to laboratory colleagues. 

The working puny coin, rind the followint members or the P.H.L.S. 
etid, Dr. Yvonne E. Costar,, Dr. E H. Gillespie, Dr. D. M. Jones, 
Dr. J. C. Kels,y, Dr. B. Moor, (chairmen and secretary), Dr. 1. G. 
bturtar, Dr. Shed. Petakon, Dr, G. C. Turner, and she lollariog 
o-optcd members: Dr. D. H. D. Burbeidg,, Dr. J. C. Cokman, 

Dr. g. M. Stulaad. 
Asters may be obtained fount Dr. B. Moore at for Public Health 

Laboratory, Church Las,, H,av,r,,, Loner. 

Some Technical Aspetda 

The cellulose film membranes of the artificial kidney separate 
the two circulations concerned in the dialysis; (I) the patient's 
blood, which flows from the arterial limb of an arteriovenous 
shunt inserted into his forearm or leg, through the dialyser, 
and back into the patient by the venous limb of the shunt ; and 
;2) the dialysing fluid, prepared from a concentrate and either 
(a) flowing through a Kiil or some type of coil dialyser to 
waste—that is, "single pass," (b) recirculating continuously in 
a coil for a given period and then being discarded and replaced 
as in the Travenol machine, or (c) flowing continuously 
through a coil and partially recirculating before being dis-
carded, as in the Baxter Recirculating Single Pass machine. 

The dialysing fluid may be prepared in bulk by dilution of 
a concentrate in a 500-litre plastic tank for single patient treat-
ment or in very much larger tanks for multiple patient treat-
ment. Alternatively, the use of proportioning pumps makes it 
possible to deliver in a closed system from a concentrate con-
tinuously prepared fluid that is controlled by bedside monitors. 

The two types of dialyser arc the flat-bed Kid and various 
forms of presterilized single-use coils. The Kid has many 
advantages, in addition to lower running costs. The current 
model has a blood volume of only up to 140 ml, compared 
with some of the earlier very large volume coils which required 
priming with donor blood. The low internal resistance and 
the small capacity of the blood compartments make a blood 
pump unnecessary except occasionally where a patient's vascular 
condition requires it. The Kiil pan be used with Cuprophane 
cellulose membranes, which arc thinner and in some respects 
more effective than the tubular cellophane membranes of coils. 
The drawbacks of the Kiil are that it takes some time and 
expertise to rebuild, is more difficult to sterilize, and offers a 
somewhat greater risk of infection to the operator. 
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Until 1960 the frequency of dialysis was restricted by the 

limited number of blood vesssis available for wnnularsan in 

any given patient. Long-term haemodtalvs,s was made pas-

sible by the development of the Teflon-Silasuc arieriovenous 

shunt (Quinton. Dillard, and Scribner, 1960). The arterial and 

venous limbs of the shunt are Inserted under local anaesthesia 

unto the patient's forearm or leg. With twice-weekly dialysis 

the average life of each limb of the shunt is about eight months. 

Thu technique is practised in virtually all haerttodialysis 

centres. 
Mere recently, IBrescia, Cimino, Appel, and Norwich (19661 

simplified the cannulataon of forearm veins in patients under-

going long-term dialysis by creating surgically a permanent 

fistula between the radial artery and an adjacent vein. During 

dialysis the engorged veins resulting from this internal arterio- 

venous shunt are readily cannulated with 14-gauge thin-walled 

needles. 

Microbiological Aspects of liaemodialysis 

Three aspects of hacmodialysis arc of special concern to the 

microbiologist , ,t the hepatitis risk, (2) shunt sepsis, and (3) 

the hygiene of the equipment used, 

Hepatitis Risk 

of Hacfmodialysis

hepatitis due to cytamegalovirus and the glandular lover agrc;
transmitted by blond mini 1Smth. 1904. d: a.aa.,c., • 
Klemola, and Paluhn,tso, 1966), 

The Icing incubation period of virus hepatitis and our 
present inability to culture viruses of this group in vitro have 
greatly complicated the epidemiological study of d ialysis unit 
outbreaks. The published accounts leave some doubt about 
how many of those allected have been diagnosed clinically and 
how many by, say, an abnormal tmnsammase test. It has also 
not always been clear how much hepatitis was occurring at 
the relevant time in other units at the hospitals crnrasnsed aad 
in the local population. Certainly the evidence points strongly 
to blood as the main vehicle of infection. First, many of the 
patients concerned have been the recipients of multiple trans-
fusions to combat the anaemia associated with chronic renal 
failure. Secondly, the likelihood of contamination with blood 
rather than with, my, faeces stands out as the most obvious 
characteristic of the dialysis unit environment. There s, how-
ever, no reason to doubt the possibility of blood-born_ cross-
infection with infectious hepatitis virus. The available evidence 
suggests to us that both serum hepatitis virus and infectious 
hepatitis have played a part in dialysis unit infections. It 
would be wise. therefore, to consider blood, faces, urine, and 
pharyngeal secretions of dialysis unit patients as all potentially 
infective, and to take precautions accordingly. 

Several outbreaks of hepatitis involving patients and staff of 
haemodialysis units and associated laboratory workers have 
now been described in various countries. Drukker, Alberts, 
Ode, Roozendaal, and Wilmink (196'! collected records of 411 

cases fromm 19 centres, and Drultkcr, Jungerius, and Alberts 

(1968) had records of a further 71, -45 in patients and 26 in 
dialysis unit staff. Ringertz and Nystrom (1967) analysed a 

series of 80 cases of hepatitis, all more or less closely related to 
hae:nodialvsis and renal transplantation and reported in Stock-
holm hospitals during 1964-6. 

Whether this "hepatitis" represents one entity or several is 
still quite uncertain. 

t1) In some outbreaks infectious hepatitis virus has been thought 
to he the causal agent simply because the grouping of cases pointed 
to an urlrctious iandiiion iPendras and Erickson, 1966). The 
ampl,csdoa is that serum hepatitis can be trartimitred only by rnlec-
tba- Ties was the vIcw es-pressed in the autharttntrve Conant of 
Comm nincable Divisor, in Man iAmericao Public Health Assocu-
tion, 1965). More recently. Krugeran. Giles, and Hammond 
(1%7) published evidence suggesting tint serum hepatitis virus is 
iafeitrve by mouth, and Rmgerta and Zuterbcrg (1967) reported 
a large outbreak of serum hepatitis in Swedish cross-country 
runners which they ascraoed to infection through scratches or wounds 
of the leg. 

(Z) Ringerrz and Mclfn (1966) considered that an outbreak among 
prisonnel associated with die liaemoduiysis unit in Si. Erik's Hos-
pital, Stockholm. was probably caused by scrum hepatitis virus 
berowe (a) the Incubation period when du% could be established 
was iuxhy 60 to 110 days. (6) no secondary cases occurred en 
the family environment of hepatitis patiens, (c) the disease was 
Insidious in onset, and (l prophylactic irmnunoglobulin in fairly 
high aosape had little or no preventive effect. In their more recent 
analysis of the Stockholm outbreak, Riegertz and Nystrom (1967) 
naiti tondudpt that tae drsta•s was probably 'taunt bep„ via ts,rs-
asaitad to the staff by aaoculation of aslected blood into snatches or 
wounds at the hand.-

(3) Some at least of the hepatitis episodes in dialysis units in 
Britain have not cvnlormed to the clinical and epidemiological 
picsi to of serum hepain.s, rut lsave two compatible with irstcc-
laou, hepatitis. In some patients, for instance, the onset has been 
fulminating. the incubation period very variable, and there has been 
woo evidence of attenuation by iv,munoglobulin-

(4'r It should be remembered that other viruses can give rise to 
liver disease. In -.rticsar, there are reports in the literature of 

Shunt Sepsis 

Infection and clotting ore the two main complications of of -
Td1on-Sibstic shunt. Sheldon (1966) stressed that the com-
bination of infection and clotting in the cannula caller, for the 
greatest care at declotting to prevent septic embolism. Fatal 'i-
non-fatal septic embolizarton to the lungs has been described 
by various authors (Dulls Rosa, Galanti, Ancona, Bruschd, and 
Confortini, 1967 i McDonald, Friedman, Waterhouse, and 
Thomson, 1967). Stille, Brass, Hach, Renner, and Heim: 
(1967) described five cases of generalized staphylococml infi, 
tion, with four deaths, in patients undergoing dialysis- the 
symptoms of septicaemia coming on 27 to 75 days after insertion 
of the shunts. Notable necropsy findings were lung abscesses 
or suppuration round the arterial lamb of [he shunt. They 
thought the organisms causing shunt infections could be 
implanted when the shunt was first inserted, particularly where 
a k>,aematosna formed, or could eater along the cannula track 
or lodge inside the cannula with the risk of further blond-boric 
spread. 

Curtis (19671 reported severs shunt infections in a total of 
16 patient-years' experience at the Fulham unit. The organisms 
mast commonly isolated were coagulase-positive and cnogulase-
riegative staphylococci. Other Infections were caused by 
Gram-negative rods, notable' f reudunrnruu acrugrnosa. Martin, 
Clunk, Tonkin, and Robsan 119681 reported 78 episodes of 
shunt infection in 25 Edinburgh patients during a total of 293 
patient-months of haermodralysis. On two occasions a haemo-
lyric streptococcus caused shunt infection and ucpticacmia, and 
one shunt infection was ascribed to far. arruginosa. Otherwise 
the great majority of their shunt Infections were staphylococcal, 
and phage-.typing Indicated four-fifths of these to have been 
due to autoinfection from the patients' own carrier sites. All 
the staphylococcal shunt erns-infections that occurred were 
traced to other patients and not to the aril:, rWi,.al or nursing 
staff. The role of staplaylcnuccr and of Pr. ucrui•irtu;a in 
shunt mfcct:ans underlines the point that infection control in 
dialysis units cannot be divorced from that exercised in other 
wards of the associated hospital. 

Brescia d al. (1966) claimed that the use of a petnsanent 
arteriovenuus fistula for haemodialysis virtually eliminated use 
problem of local sepsis- One At their patients, however, dick 
of bacterial endocarddis, a complication not known to be asso-
ciated with the Teflon-Silastic shunt, 
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. . . :. ., ;t,btotic therapy tar shunt infections is contemplated, 
sires a and an the need to take into account the effect of 
renal failure on the curio of the antibiotic and whether the 
drug used in d,aiysable. Practical guetanee on the use of ami-
bioues to patients with renal failure is given by Karlin (1967). 
Shaldon (1966) found that a single mvavennus dose of I g. of 
vancomycin produced an, ellectn•e antn rapt. yloCoccal blood 
level that fasted a fortntc'nt, as the drug was not removed by 
dialysis. Cdoxacitlus was also elective for staphylococcal sepsis 
but was excreted by the liver and was therefore given in a 
divfdc,i. daily dose of 0.5 g. Martin of al. (1968) used cloxs-
cdlin in doses of 2 g. four-hourly combined with penicillin for 
the treatment of shunt infections and found this combination 
highly effective. The administration of gentamicin to patients 
undergoing hacmodralysu was studied by Coeds. McDonald, 
and Weston (1967). Curtis and Ilasrweod (1968) discuss the 
administration of colistin to such patients and Eastwood and 
Curtis (1968? the use of carbertieillin. 

Hygiene of Hacmodialysis Equipment 

Early bacteriological studies of haemodiatysis equipment were 
pubbshed from Seattle by Sherris, Cole, and Scribner (1961). 
Originally the tank containing the dialysis fluid was held at 
37 C. and colony counts of Picudoma»si and 4erobucrrr 
species exceeded 10' per tel. after a run of 12 to 18 !ours. By 
more effective cleaning and disinfection procedures and by 
keeping the dialysis fluid at a temperature of 4' C., they could 
reduce bacterial counts to fewer than 101 organisms per ml. 
Marc recently, discharging the dialysis fluid to waste after one 
pass through the Kill dialyser has reduced contamination of 
the tank and made refrigeration unnecessary. When the bac-
ternal count of dialysis fluid remains below about 104 per mnl. 
the patient is apparently unaffected. With counts of IG' 
upwards the composition of the fluid inns' change significantly 
and bacterial metabolites diffuse across the membranes (Kidd, 
1964), sometimes giving rise to severe reactions. 

The likelihood of saprophytic organisms multiplying in 
dialyser circuits has recently been reduced by substituting for 
open storage plastic tanks proportioning pumps that provide a 
continual supply of diafysmg fluid prepared in situ from a 
concentrate. Such units can provide a central supply system 
for an entire ward but have been superseded by completely 
independent single patient machines. each incorporating all 
monitors and fail-safe devices. They have facilities fur dis-
infection by formalin or by the circulation of water heated to 
9(1-95' C. The rise of these machines has nor unfortunately 
entirely eliminated the contamination of haexodialysas equip-
ment with bacteria, which are probably derived from the water 
supply or from water sufteaers. 

An auroelavable artificial kidney, which would clearly be of 
great value, has not yet been evolved, but work oil this is being 
sponsored by the Scottish Working Party on Sterilization 
Methods. 

General Approach to Preventive Measures 

The significant hazard to staff health now associated with 
❑ialysis centres singles out the problem of infection control in 
these units from any other of recent years. In some areas the 
stalling of dialysis units is already a cause for concern, and may 
become more difficult with knowledge of the hepatitis risk. It 
would be easy under these circumstances to lose all sense of 
proportion and draw up unrealistically rigid codes of practice. 
Our ignorance of the hepatitis viruses, on the other hand, 
makes any scheme of preventive measures to some extent specula-
rave. An attempt is made in what follows to apply to dialysis 
unit problems the general background of epidemiological think-
ing and cxper,cncc derived from the study of other hospital 
uutbreaks of communicable disease, and also such technical 

caw 
Cane,,

information as seems directly relevant or can be cited as fair 
analogy. Some general points arc draft with first. 

(1) It is a co^nmon,', ia6_ of infection control ir, general ho, ' 
This outbreaks of rro...,n(cction usually scour in ovcrctowdrd
and ihn prn1-h'.y I . several reasons. ktbcicni ironing
dufi:uh in craurpcd „~ndinum:. l4uhwuvs of tra,sw„don I.,.,,i 
the source, of iofeviot tau su,ccpiibtc rcospienta arc shorter. There 
is a greater hkellhnnd of danger..a. d,rwmmaiors of inlccuan 'icing 
ptacnt and mare pancnte to be ndected. At a time when the axial 
and ether pressures inwards ovci rowding of dialysis unit beds arc 
sometimes severe, the epidemiological argument against overcrowding 
is a strong one. 

(2) Codes of practice for medical, nursing, and laboratory staffs 
are discussed in later sections. Far more difficult than dewing up 
regulations is the central of their day-to-day observance. FA- errnce 
of infecuan control in other hospital wards shows that to msintess1 
high morale and good ward discipline a good ward tinter is 
indispensable. We would strongly urge the appointment in every 
dialysis unit of a sisie -set-charge of the highest calibre, who would 
be inutnuted in the microbiological aspects of unit toamgemmt as 
well as in medical and other technical aspects. 

(3) Members of the working party who have scratinired tsarmm-
elegy and biochemistry laboratory procedures from the standpoint 
of infection control have been struck by such lapses from ordrnary 
hygiene as the coamtunal use of unplugged mouth pipettes, even by 
technicians smith a solid background of haeterislogial tratasrg 
They would recommend that codes of practice drawn up for the 
safety of dialysis unit and laboratory personnel assist be backed by 
practical instruction, perhaps with suitable Clan strips. The boon 
abject of the instruction would be to demonstrate the application to 
the special contest of the dialysis unit or the clinical laboratory of 
routine precautions used every day by the bameriologist when b. 
handles infected cultures. 

(4) The preventive measures to be applied in the unit should be 
given an order of priority corresponding to the relative risk, 
infection likely to be associated with the venous stages e_ 
harmodialyais routine. The washing down of walls, for Intl . 
while desirable on social grounds, is most unlikely to infiucnc_ 
incidence of hepatitis or other infections. Every possible 
should be made, on the other hand, to work out techniques 
minimize the contamination of stall and environment with pauau, 
blood. 

(5) Particular stress should be laid in training on the impornnsr 
in the present mnteat of all that is subsumed under the heading ai 
'•personal hygiene." Tile term covers all "&.are preventive 
measures prunartly within the responsibility of the individual, by 
which to promote health and to limit the spread of infectious 
diseases, manly those turistautied by direct contact" (American 
Public Health Association, 1965). Good hygiene should be stressed 
for both stall and patrrnts anti includes baths or showers ; frequct 
hand-washing after going to the toilet or attending to patients 
before meals; keeping tae hands, whether gloved or not, and 
Laminated articles away from the mouth, eyes, or ether pans of 
body; refraining from eating or smoking while at mocha a 
protecting one's clothing wits appropriate gowns_ The practace of 
a high standard of hygiene is dependent oa adequate hand-wasting, 
facl,ties, sluices, and toilets. 

Prevention of Hepatitis in Patients 

The prevention of hepatitis in dialysis unit patients clearly 
serves the interests of both patients and staff. Two main 
approaches to prevention that require discussion arc 
(1) diminishing the patients' exposure to the causative viruses, 
and f2) prophylaxis with ummunoglubulin. 

Exposure to Causative Viruses 

Patients may acquire infection from blood transfusions, from 
contaminated equipment, or by direct or indirect contact with 
other patients, 

Traru(setionr.—There is a strong trend towards reducing the 
frequency of transfusions to patients with chronic renal failure 
for reasons other than the hepatitis hazard. When transfusion: 
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are considered necessary, some blood banks will issue blood 
calkcted from panels of known "safe" donors, provided the 
clinician gives adequate notice of his likely requircments. 

('enrammatrd Eymprecvit —Dialysis equipment is pre-
sumably the main source of cross-mfectron with hepatitis viruses. 
This is supported by the lack of an association between hepatitis 
and peritoneal dialysis- Small-volume dialysers primed with 
saline rather than with blood carry a smaller risk of virus 
contamination. When possible, each patient should have his own 
artificial kidney ; this would matter less if effective methods 
of sterilization became available. The problems of chemically 
disinfecting the artificial kidney are discussed below. As regards 
other equipment, an adequate supply of sterile, preferably dis-
posable syringes is clearly essential 

Contact with Other f'e.t+ert:.—Patients undergoing chronic 
intermittent haemodialysis should be kept separate from those 
requiring acute short-term dialysis. How much contact is dnir- 
able between the patients in chronic dialysis units ? First, it 
should be said that whatever its other advantages or drawbacks, 
home dialysis clearly diminishes the risk of hepatitis outbreaks. 
How much segregation should be aimed at in say a 10-bedded 
dialysis unit es more difficult to define with confidence in the 
present state of knowledge. Clearly patients who are suffering 
from acute hepatitis arc best isolated in a separate room. Diag-
nosing hepatitis may, however, be far from simple in patients 
with renal failure unless regular routine serum alanine amino-
rmnsferase tests are being done on them. Whether all patients 
.hould have individual cubicle isolation is more debatable. Cer-
.ainly, The transfer of infection from one patient to another will 
not be prevented by structural barriers alone, but will also 
depend on nursing morale and efficiency, barrier nursing pro-

dtres, adequate hand-washing, and sluice facilities. 

Immrmoglobulin Prophylaxis 

The policy of inmunoglobulin prophylaxis for dialysis unit 
?atimts is also bedevilled by our ignorance of vino hepatitis. 
Mirick, Ward, and McCallum (1965) found that routine 
administration of immunoglobufm after transfusions reduced 
the incidence of icteric post-transfusion hepatitis, but not the 
otal incidence of hepatitis as shown by abnormal liver-function 
tats. As already mentioned above, the effectiveness of immuno-
globulin prophylaxis has been denied in some episodes but not 
io others, possibly according to the nature of the causal virus 
concerned. Most clinicians would probably wish to give 
immunoglobulin to dialysis unit staff and patients when cues 
of :citric hepatitis were occurring. Whether it should be given 
routinely to patients at other times is a matter of opinion, parti-
cularly if a masked infection in a patent were considered to 
increase the risk to staff by diminishing the stringency of pre-
ventive measures. An attempt to assess the effectiveness of 
rmunoglobulin in the dialysis unit context is at present being 

-lade by the Epidemiological Research Laboratory at Colindale. 

Prevention of Shunt Sepsis 

Protecting the patient from shunt sepsis raises a number of 
additional problems. The need for scrupuwus asepsis during 
the insertion of the shunt has been stressed. There has been 
some discussion on whether dialysis units should include a 
miner opsation room for shunt insertion or whether this should 
be done in the main theatre of the hospital. The competing 
arguments here arc protection of the theatre staff, on the one 
hand, and, on the other, the provision of the best surgical 
facilities for a procedure the success of which is vital to long-
term hacmafialysn. 

The prevention of shunt sepsis can clearly not be dissociated 
from mtection control in the hospital as a whole. This will be 
ar~icularly the case when an interchange of nursing staff occurs 

between the dialysis unit and other hospital wards. On, ii 
patients undergoing intermittent dialysis arc routinely admut 
to otter wards for one reason or another, they well saner MF
later acquire the epidemic-straws circulating in the hospital. 

As regards local protection of the shunt site against infection, 
the experience of aug,cal wards would ,uggeut that one should 
aim at achicuinf a dry skin yurface and a cumulative anti. 
bacterial cited from repeated disinfection of the patient's ski. 
For this purpose the range of choice includes hexachlorophene 
detergent preparaunns, iodophors like povidunc-iodic, and 
aqueous or alcoholic solutions of chlorhexidine. 

The topical use of Phenoxetol (phenoxyethanol) to combat 
pseudomonas infections is also worth bearing in mind. Martin 
an al. (1966) combined routine use of nasal antibacterial creams 
with local prophylactic measures at the shunt site. Finally, 
mention should be made here of a quite different approach to 
the prevention of shunt infections reported by Kopp, Gross-
mann, and Frey (1968). In the txperncnce of these authors. 
liberal application to the shunt site and surrounding skin of a 
lanolin-based ointment containing neither antibiotics nor dis-
infectants completely prevented shunt infections and kept the 
skin soft and healthy. 

Heparinizatiora complicates the maintenance of a satisfactory 
shunt site because the margins of the shunt tend to ooze. 

Dialysis Unit Management and Hygiene 

The preventive measures designed to protect patients and 
staff from cross-infection should clearly be written into the pro-
cedural memoranda of the unit and nor added as afterthoughts. 
The clinician in charge will therefore probably discuss his draft 
technical instructions with the local bacteriologist, virologist, 
and control of infection officer. so that the procedures recites. 
mended meet microbiological as well as clinical and other 
requirements. General and detailed guidance on infection 
control are gn-cn by Williams, Blowers, Garrod, and Shooter 
(1966). Certain topics of particular importance are dealt with 
below. 

Staff Health 

Stress has already been laid on the importance of good per-
sonal hygiene. Systematic r.•cords of staff health should be 
maintained, including details of aunor illnesses such as mild 
gastrointestinal upsets. Muscle and pint pains were prominent 
early symptoms of hepatitis in the Stockholm outbreak The 
medical officer in charge of The dialysis unit should be in touch 
with the doctor or doctors raponsiblc fur the health of hospital 
staff. Regular serum alanine aminotraasferase tats on staff 
are done in some units and are to be recommended. Prophy-. 
lactic imtnunoglohulin injections to the staff are indicated el 
infntious hepatitis is thought to be the cause of even a part of 
the dialysis unit hepatitis incidence in Britain. There is still 
no uniformity of opinion or practice on this paint. 

The unit should have an accident book for recording all 
minor mishaps to members of the staff while on duty, including 
finger-pricking, glass breakage, swallowing of potentially in-
fected material, and splashes into the eye. A book of this kid 
will underline the importance of good technique; it may at%r 
provide valuable epidemiological evidence on the modes of 
transmission of hepatitis virus. Accident prevention should 
aL-a be emphasized—for example, blood samples should or 
taken only when this is essential so as to minlrnizc the risk of 
needle finger-pricks. 

Protective Clothing 

In principle an attempt must.be made to blocit all rouies by 
which the patients' blood, faeces, urine, and perhaps pharingeil 
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• nn-croon. eaald gain entry into the tissues of a variant stair 
through the skin. mouth, respiratory tract, or eye. This may 
,rem a formidahtr undertaking, but in practice there ore certain 
times at which particular care is required. Every effort should 
to made to devise a meet careful routine for (1) putting the 
paticiu on and o6 the Jralyscr, i2, dealing with sudden haemor-
rhage or blood spillage, 13) dismantling equipment for disinfec-
tion and Cleaning, and (4, dealing with patients' excreta while 
dialysis IS under way. 

As regards protective clothing, it should be remembered that 
the main purpose of wearing gowns, .raps, masks, and gloves 
in operating-tl-ieatres is protection of the patient's wound from 
organisms liberated by the surgeon or nursing staff. The 
wearing of similar clothing for self-protection should be con-
sidered critically before it is unreservedly approved. 

Protection of the hands with gloves is certainly desirable for 
the medical and nursing staff at certain stages of the dialysis 
procedure, particularly when the patient is going on and off 
the artificial kidney. Swedish workers are in no doubt that 
gloves are essential and effective. While necessary, the wearing 
of gloves is by itself nut sufficient, and various problem, remain. 
The blood-contaminated gloves may in turn contaminate the 
wearer's face or clothing or various surfaces unless this msk 

is 

borne in mind. Rinsing the blood-contaminated gloved hand 
in a hypschlonnc solution containing 1,000 p.p.m. of available 
chlorine should help to dilute a potential inoculum of virus and 
to inactivate it. Three further points regarding gloves may be 
mentioned. Firstly, a proper allocation of duties to a two-
person team should be considered from the standpoint of staff 
protection, as already practised in the daily routine for the 
dressing of surgical wounds. Secondly, the ordinary rubber 
glove is uncomfortable to wear for long periods of the order 
required for routine haemudialvsis. Thirdly, some alternative 
hand-protection in the event of a sudden crisis not providing 
the tone needed to don gloves would be useful. 

A strong case could be made for wearing a mask, goggles, and 
protective gown at any time when the wearing of gloves is 
important. Some form of transparent headgear could perhaps 
be devised that offered protection to the eyes, face, and mouth 
of the nurse without interposing a psychological barrier between 
her and the patient. An alternative protection to the eyes is the 
wearing of spectacles of plain glass. 

Disposal of Contaminated Articles 

The unit will need an adequate supply of waste bins, pedal 
bins, and plastic or fabric bags of various kinds to deal with 
contaminated materials whether for ordinary refuse disposal, 
incineration, autoclaving, or laundering. Bins should always 
contain polycthylcne or heavy paper hags to receive waste, so 
thus bags and contents are incinerated together. Policy on the 
laundering of fabrics from the unit will depend on local think-
ing an the safe handling of contaminated materials in the 
hospital laundry. 

Disinfection 

Only certain physical methods such as heat or ionizing radia-
tions can be relied an to Fill all microbes, Chemical dii- 
mRctants should therefore be used only when physical methods 
are impracticable When chemicals are used scrupulous cleaali-
ness of the equipment concerned is a necessary prerequisite to 
adequate disinfection. 

Antimicrobial agents are used in dialysis units for a number 
of separate purposes. Unfortunately little information is avail-
able on the resistance of the hepatitis viruses to disinfection, 
and fully reliable methods even for dealing with bacterial con-
lamination are nor yet available. The comments that follow 
or: tliercforx still wmtwhat tentative. 

Disinfection of Equipment after Use 

MuwrSi ir:cane 

One important ohtective of disinfection in. to protect patients 
and stair, and especially these who dismantle, clean, and ix-
assemble the apparatus, from infection with hepatitis virus. As 
this virus ti not avadaMe for testing, any advice givco must be 
based on experience with other viruses. It should be said that 
techniques for washing back residual blood as completely u 
possible into the patient at the end of hacniodialysis still clearly 
diminish the potential virus contanunation to be dealt with 
(Evans, Clarkson, and Curtis, 1967). 

The P.II-L.S. Comiunl a on the Testing and Evaluation of 
Disinfectants (PILLS., 1965; was of the opinion that such 
evidence as was available for other viruses pointed to the halo- 
gems or purr phenol as the most active viructdal disieifectanta 
Phenol is expensive and toxic. Reports (unpublished) of experi-
ments specially made by Dr. Yvonne Cossart using puliovirus 
as a model confirmed the efficacy of hytm_hlortre but faded to 
show any activity with an iodophot. To disinfect equipment 
after haemodialysis, therefore, the logical suggestion at present 
is that a hypochlorite detergent solution be used, either as an 
ad l:uc mixture of a commercially available hypoehloriie solu-
tion—for example, Chloros or Domrstos—with a compatible 
detergent sec Hospital Equipment Information 16/66) or as a 
specially prepared mixture such as Divcrsol BX. It is not easy 
to recommend any particular concentration. Naked micro-
organisms am rapidly killed by a very few p.p.m. of available 
chlorine, but this is equally rapidly inactivated by organic 
stonier. The higher concentrations commonly used are purely 
w ensure that some chlorine remains available, In practice 
solutions containing 1,000 to 10,000 p,.p.m, are used. It in 
not clear to what extent these concentrations cause damage to 
materials, but this can be reduced by using a relatively &bore 
expo.ure of up to 30 minutes. 

A rough check on the adequacy of concentration can be made 
by estimating the available chlorine left in the working solution 
at the end of the disinfection period. Virtually any detectable 
chlorine level can be regarded as satisfactory. It must be 
emphasized that hypochlorite solutions have only a limited life 
at use dilutions as well as being readily inactivated by organic 
matter. Use dilutions must therefore be made up afresh for 
each disinfecting operation. Furthermore, hecausar hypochlorite 
is as rapid in action as it is in being inactivated, the solution 
should not be allowed to remain in contact with the items to be 
disinfected for more than a relatively short time, such as 30 
minutes. The storage of apparatus for hours or day's in the 
same chlorine solution in which they have been disinfected may 
be dangerous, as the fluid may well have become a culture of 
micro-organisms. Chlorine damage to the skin of stall may 
be prtvented by the use of protective clothing, and by rinsing 
the hands in a neutralizing solution of dilute acid and/or 
tttrosulphatr. Formaldehyde and glutaraldehyde are also active 
against viruses in suitable concentration but have various dr w-
tucks in the present context. 

Other Aspects 

(Ii To render any piece of equipment as nearly sterile as 
possible before use, physical methods are preferred when pos-
sible. Ultimately. autoclavable or disposable circuits will 
simplify the problems of dialysis units. Meanwhile gamma-
irradiation of membranes and of other plastic components has 
been used. Experiments with low-tcmpeiature steam would be 
worth doing, particularly in contunction with formalin vapour. 
Ethylene oxide has been used but requires special equipment 
and careful monitoring, and residual gas must be removed, 
Experimental work on the use of ethylene oxide for disinfecting 
harmadialysis cquipment is in progress at a number of centres_ 
We have had rcp:irts on the use of various liquid agents—foe 
examgile, formahn at concentrations up to 30%, I'ortex, 
Davcrsol RX, and Chloros. At present it is not possible to 
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fret rrcommcnJatinnn, as most Unit, have reported unexpected 
f.lums with setssiagly adequate mncentratinns nf disirirectant. 

2) Several unit have reported a gradual build-up of bacterial 
contamination in dialvsis fluid. The organisms arc prohnbly 
derived from the water supply or from water-saflening equip-
ment. Experiments with to-line filters fur continuously 
removing bacteria from dialysis fluid have given promising 
results. 

(3) For hand hygiene of patients and staff the mechanical 
and diluting effect of frequent hand-washing is important. 
None of the agents already recortumnded for the hygiene of 
shunt sites is likely to be virueidal, and when such an agent is 
considered necessary rinsing in hypsichlonte of a chlorine con-
centration of say 200 p.p.m. is perhaps the best that can be 
suggested. 

(4) Skin sensitization from disinfectants bas been reported by 
several units and can be a problem. Excessive use of con-
cerlrrated solutions of Tego compounds with or without added 
formalm has given rise to dermatitis in nursing start. One 
unit has reported reactions in patients to topical application of 
aqueous chiorhexidine. 

(5) When a steam let washer or bailer for bedpans is not 
available, faeces from patients undergoing haemodialysls should 
be covered with a suitable phenolic disinfectant before being 
discharged to waste. Kelscy and Maurer (1967) have mode 
reecmmendaciois an the appropriate use dilutions of available 
disinfectants in this group. 

fsacteriological Monitoring of Equipment 

Routine bacterial counts on samples from the dialysis fluid 
circuit are essential fur control of the disinfection methods being 
practised is the unit. Firm guidance cannot be given at present 
,in the beat culture media or temperatures of incubation, or on 
the identification of the saprophytic organisms isolated. A 
simple method for direct culturing of dialysis fluid samples—
for example, by a technique analogous to the dip-slide culture 
method for urine (Guttmann and Naylor, 1967)—would be 
of use. 

Protection of Laboratory Staff 

The following are the main categories of laboratory test 
required on dialysis unit patients: 

HioehrmiedLPre- and post-dialysis estimations of blood electro-
lytes, urea, proteins. Osmomery for measuring osmoiality. Tests 
of dialysis fluid for area, etc. 

Haemarofogscaf.—Cross-matc,tittg of blond. Haemodfobin eats-
marines and sometmes more detailed tests. Clotting-runes is 
heparirsizeci patients. 

Bonerialagical —Blood cuisines. Swabs front shunt sites. Bac-
er ial counts on dialysis thud a. Trio on disinfection procedures. 

At some centres the establishment of a special laboratory to 
deal solely with dialysis unit rests has been discussed. The 
advantage of such a iaboratory would simply be to limit the 
health hazard to one or a few technicians. The drawbacks seem 
to outweigh this one advantage. These include dissipation of 
laboratory resources, a lower standard of technical work unless 
the special laboratory is a multi-disciplinary one, and the ad-
ministrative problem of directing specimens to different places. 
Most pathologists would prefer to designate special senior tech-
nical staff in their own laboratories to deal with specimens 
thought to present a hazard, and otherwise simply to review 
biochemical and haematological teclmiquos so as to include the 
kind of precautions routinely practised in microbiological 
laboratories. It must be said, however, that adequate micro-
biological precautions are difficult to apply when bench space 
is very restricted. 

Perhaps the main problem in busy and usually overcrowded 
Lt;iratonts is to decide how comprehensive the range of pre-

cautions should be. Some may considier there is
case for serious concern, but in the Stockholm ouii : 
cussed by Ringertz and Nystrianrt (19ti7 24 latxsratory ss,,rk.n 
were alfeeted. Laboratory workers are doubtless continuously 
exposed to the hepatitis hazard, though perhaps until recently 
in less concentrated form than dialysis out material norms to 
provide. The best compromise would seem to he to concentrate 
on a few fundamental precautions based on probable major risks 
rather than to lay down highly elaborate rituals that may not 
be observed. 

Most biochemistry and haematology laboratory technicians, 
certainly most of the senior ones, will have had some bacterio-
logical reaching and experience during their training. They 
will simply need a reminder that by and large they should 
observe basic microbiological precautions when doing bio-
chemical or haematological tests on dialvsis unit specimens. 
Reminded that blood from a dialysis unit patient may be more 
dangerous than a stool from a typhoid patient, they will realize 
what precautions are desirable. Science graduates in bus-
chemistry may be more vulnerable in this regard. 

Likely Sources of Risk 
Jr is suggested that a brief training course should he given 

by the hospital bacteriologist, stressing some of the major likely 
sources of risk, as listed below. 

(1) Specunens of blood from dialysis unit patients should he 
readily recognizable on arrival in the laboratory. They may be set: 
in specially marked containers and/or enclosed in individual ptnuc 
bags. In one unit the blood is centrifuged in its plastic bag and the 
supernatant taken off with a Pasteur pipette into a fresh screw-cap 
battle enclosed in another plastic bag. The value of the plastic ba t; 
is perhaps debatable. It the outside of the bottle it contaminated 
with blood, the bag may well he contamuiated also ; if riot, the bag 
may net be nacsary 

(2) The risks of centrifuging, of aerosol formation, and of break-
ages in the centrifuge should be explained and appropriate preventive 
measures discussed. 

(3) Whether gloves should be wore by laboratory staff or reliance 
placed on a good no-touch technique is perhaps debatable. A com-
binative of standard microbiological techniques, adeq., .ce hand-
washing, and judicious use of squares of polyethylene bins m;ghi 
obviate much of the risk of contact with blood. It is probably moo 
realistic to suppose that, particularly in busy clinical labarstorie,, 
adequate precautions will not always be taken aria to encourage the 
wearing of disposable gloves, espeaally during the preliminary 
separation of serum for biochemical tests. 

(4) The practice of mouth pipening, sometimes with unplugged 
pipettes that may be used by numerous workers  in succession, strike, 
the bacteriologist observing buschondseiy and laeriutology procedure 
as highly unhygienic. It has been said that for precise measurerrn-' 
of small volumes of blood, mouth pipening is essential. P,
methods for measuring small volumes of serum for bhxhe-
tests may inwlvc two hazards—namely, mouth pipeting and v,, . 
of the tips of pipettes with citron-wool to remove cues ml,.•,;.;. 
Every effort should be made to substitute foe thew old-failnonest 
procedures methods that do not call for direr, mouth, pipeting. 

(5) However crowded and busy the laboratories may be, the tale 
disposal of consamurated pipettes and other glasware into stair,' 
containers for autoclaving should present no greater problem ,
taentatotogy and biochemistry laboratories than in barters,: 
departments. Wastes from autoaralysers should drip into tom 
with disinfectant and not directly in to rinks. 

(6) ''Dialysis membranes of autoanalysers should not be us . , 
with ungloved hasujs. 

(7) Progressive auomation of biochemical procedures may reduce 
hazards to staff —for example, by avoidance of mouth pipe!' .: 
More knowledge is eroded, however, on the microbial contamc: 
of auieannlysers when infected specimens go through. 

(8) The drvgn of certain blood containers, notably of the rs,., 
plasuc containers with push-in stoppers used for; oailatrd or IIntrude 
blood samples is very unwasiactary.a Contamination of the band, 
is almost inevitable doing removal of the stopper. Screw-ripped 
j -oz. (14-mt.) or 1-oz. (2B•ml.) hordes are fat safer to liandlc 
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• Discussion 

The foregoing comments and rccommcndations on the 

hygiene of haemodialysis units are tentative and point the need 

for further work in this field. The clinical, engineering, and 

microbiological problems posed by these units call for inter-
disc:plinary study. In particular. hospital bacteriologists should 
squarely accept responsibility for giving advice and practical 

help on the disinfection and monitoring of the machines now 

in use, and on the associated problems of cross-mfection in 
dtalv',s unit patients and staff. We would also strongly recom-
mend that physicians and surgeons dealing with increasingly 
rophssticated new medical and surgical procedures should con-
sult their bacirriological colleagues at an early stage on the 
planning and rnaragcment of units in which problems of cross-
infection may arise. 
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