
CAMERON ~l AL. 

27. Rowe PC, Orrbine E, Lior H, Wells GA, McLaine PN. 
Diarrhoea in close contacts as a risk factor for childhood 
haemolytic uraemic syndrome. The CPKDRC co-investiga- 
tors. Epidemiol Infect 1993: 110: 9-16. 

28. Lopez EL, Diar M, Devoto S, Grinstein S. et al. Evidence of 
infection with organisms producing Shiga-like toxins in 
household contacts of children with the hemolytic uremic 
syndrome. Pediatr Infect DisJ 1991; 10: 2 0 4 .  

29. Cameron S, Walker C, Beers M, Rose N, h e a r  E. Enter-o- 
haemorrhagic Eschmkhia coli outbreak in South Australia 
associated with the consumption of mettwurst. Commun Dis 
Iritrll 1995; 19: 70-1. 

30. Chive11 W. Inquest into the death of iVikki Dearne Robinson 
(Gnribaldi Ments inaestigntion). Adelaide: South Australian 
Coroner's Court, 1995. 

31. Willshaw GA, Smith HR, Roberts D, Thirlwell J, et al. 
Examination of raw beef products for the presence of 
Verocytotoxin producing Eschm'chia coli, particularly those of 
serogroup 0157.  JApPl Ractm'oll993; 75: 420-6. 

32. Beutin L, Geier D, Steinriick H, Zimmerman S, Scheutz F. 
Prevalence and some properties of Verotoxin (Shiga-like)- 
producing Eschm'chia coli in seven different species of health 
domestic animals. J Clin Mzcrobioll993; 31: 2483-8. 

33. Suthiemkul 0, Brown JE, Seriwatana J, Tiethongdee S, et al. 
Shiga-like-toxin producing Escherichia coli in retail meats and 
cattle in Thailand. ApPl Enuiron Microbiol1990; 56: 1135-9. 

34. Bettelheim KA, Brown JE, Lolekha S, Echeverria P. Serorypes 
of Gcha'chia coli that hybridized with DNA probes for genes 
encoding Shiga-like toxin I ,  Shiga-like toxin I1 and 
serogroup 0157 enterohaemorrhagic E colifimbriae isolated 
from adults with diarrhoea in Thailand. J Clin Microbiol1990; 
28: 293-5. 

35. Karch H, Meyer T, Riissmann H, Heeseman J. Frequent loss 
of Shiga-like toxin genes in clinical isolates of EschPrichia coli 
upon subculture. Infect Immun 1992; 60: 346+7. 

36. Whipp SC, Rasmussen MA, Cray WC Jr, Animals as a source 
ofEschm'chin coli pathogenic for human beings. J A m  Vet Med 

37. Plant AJ, Rushworth RL. Emergmg infectious diseases: what 
should Australia do? [editorial]. AustJPublic Health 1995; 19: 
541-2. 

ASSOC 1994; 204: 1168-75. 

Haemolytic-uraemic syndrome in Western Australia, 1980 to 
1994 
Carol Cameron, Michael Gracey and Andrew G. Penman 
Health Department of Western Australia, Perth 

Abstract: A retrospective, population-based study of patients hospitalised with the 
haemolytic-uraemic syndrome in Western Australia from 1980 to 1994 was undertaken 
to describe the epidemiology of the disease in this state. We identified 41 patients. 
Episodes were commonest in children under five years of age (63.4 per cent) and were 
more frequent in females (58.5 per cent) than in males; only one Aboriginal patient was 
detected. More than 90 per cent of episodes had a gastrointestinal prodrome lasting 
from one to 22 days; in 47.6 per cent of these episodes patients had bloody diarrhoea. 
The average hospital stay was 26 days, and 63.4 per cent of patients required dialysis 
(mean 10 days). More than 20 per cent of patients developed chronic renal failure, 9.7 
per cent died, two patients developed hypertension and one child became epileptic; 
three of the 10 patients over 16 years of age (30 per cent) died. The haemolytic-uraemic 
syndrome is potentially fatal, affects mostly young children, and is usually preceded by a 
gastrointestinal illness. Episodes can occur in common-source outbreaks but, with the 
exceptions of related cases in families, that appears not to have been so in Western 
Australia since 1980. There is a need for increased awareness of the haemolytic-uraemic 
syndrome to enhance prospects for earlier detection and better clinical outcomes. 
Improved public health surveillance is also needed to reduce the risks of the syndrome 
in the community. (Aust N Z JPublzc Health 1996; 20: 462-6) 

HE haemolytic-uraemic syndrome comprises a 
triad of concurrent features: microangio- T pathic haemolytic anaemia, thrombocytopae- 

nia and acute renal failure,'-4 and may have 
infectious and noninfectious causes3 In 1983 
Karmali et al. isolated a verocytotoxin-producing 
strain of Escherichia coli from patients with the 
haemolytic-uraemic syndrome in Canada.5 Since 
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then, epidemiological studies in many countries 
have investigated a possible link between the verocy- 
totoxin-producing strain (which produces a Shiga- 
like toxin') and haemorrhagic colitis and the 
haemolytic-uraemic syndrome, and found such a 

Outbreaks of the haemolytic-uraemic syn- 
drome have been recorded in the United Kingdom 
(UK)," United States (US)47699'2-'5 C anadas and 
Australia.I6 

In January 1995, an outbreak of the 
haemolytic-uraemic syndrome associated with a 
verocytotoxin-producing E. coli was reported in 
South Australia;Ifi coincidentally, a similar outbreak 
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occurred in the US." Both were related to the con- 
sumption of small goods: mettwurst and salami. 
Overseas outbreaks have been predominantly 
related to verocytotoxin-producing E. coli serotype 
0157:H7, but in Australia serotypes other than this 
have caused haemorrhagic colitis and/or the 
haemolytic-uraemic syndrome.'"J8 The South 
Australian outbreak in 1995 was caused by E. coli 
0111 and the American outbreak was associated 
with E. coli (1157:H7.'6.'i 

N o  point-source outbreak of the haemolytic- 
uraemic syndrome has yet been identified in 
Western Australia (WA) and epidemiological data 
are sparse. This retrospective, population-based 
study was undertaken to describe the epidemiologi- 
cal features of episodes of the haemolytic-uraemic 
syndrome in WA that led to hospitalisation. It also 
aimed to provide baseline data from which to 
develop public health measures to increase aware- 
ness of the d.isease, its presentation and transmission 
in order to 'enhance prospects for its more success- 
ful control and clinical management. 

Methods 
The data used in this study were derived from the 
WA Hospita:l Morbidity Data System, maintained by 
the State Health Purchasing Authority's Health 
Statistics Branch. We identified the medical records 
of all patien.ts admitted in WA from 1980 to 1994 to 
acute-stay public hospitals with a primary or sec- 
ondary discharge diagnosis of haemolytic-uraemic 
syndrome (ICD-9 CM code 283.1)." These records 
were then reviewed individually and demographic 
characteristi'cs, medical history and disease source 
and outcome were abstracted using a standardised 
form and arialysed with SPSS. Because of the time 
lapse from the onset of the disease to the com- 
mencement of this study (in some cases 15 years) 
and the likelihood of recall bias, no attempt was 
made to interview patients or their families. Follow- 
up varied from six months to many years depending 
on both the outcome of the illness and the year of 
diagnosis (that is, patients diagnosed in 1994 had 
less follow-up time than those diagnosed in 1980; 
those with no complications made fewer return visits 
to the hospital). 

An episodle was defined as haemolytic-uraemic 
syndrome only if the primary or secondary discharge 
diagnosis stated that it was and if there was evidence 
of microangiopathic haemolytic anaemia (<I0  
g/dL) , thrombocytopaenia (<150 000 cells/mm") 
and renal impairment (blood urea nitrogen >30 
mg/dL) . Evidence of microangiopathic anaemia 
was accepted only if verified by positive blood film 
and/or renal biopsy. 

Results 
Selection of ep,isodes 
According to the WA Health Department Hospital 
Morbidity Data collection for 1980-1994, there were 
11 7 records with a primary or secondary discharge 
diagnosis of haemolytic-uraemic syndrome; 16 of 
these records could not be located. As 11 of those 
patients werle admitted to nonpaediatric hospitals 
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Figure 1: Distribution of the population in Western Australia. 
Populations: metropolitan area 1 221 243 (72.8%), central 53 180 
(3.2%), northern 67 108 (4.0%), southern 224 320 (1 3.4%), 
western 1 10 569 (6.6%) 

and were aged over 69 years, it is unlikely, based on 
the findings of this study, that any would have met 
the case definition (only 14.7 per cent of adults diag- 
nosed as having the haemolytic-uraemic syndrome 
met the case definition and only two were over 58 
years of age). The other five missing records were 
from Princess Margaret Hospital for Children and 
were presumed burned in a fire in the early 1980s. 

Of the 101 records examined, 58 had an episode 
of haemolytic anaemia but failed to meet the selec- 
tion criteria, as blood tests showed an absence of 
renal failure and/or microangiopathic anaemia. In 
most of these patients, anaemia occurred as a result 
of reactions to drugs or prosthetic heart valves. Two 
patients had a discharge code of haemolytic- 
uraemic syndrome but were diagnosed prior to 
1980. 

All of the 41 records which met the criteria for 
selection were located in five metropolitan hospitals, 
with 13 of the patients having been transferred from 
countiy locations. Because of the dispersal of WAS 
nonmetropolitan population in areas that are some- 
times very remote from the city, seriously ill patients 
are usually referred quickly to teaching hospitals in 
the metropolitan area and are commonly evacuated 
by air (Figure 1 ) .  Princess Margaret Hospital is the 
only children's hospital and receives sick children 
from all over the state, and, in this case, took 65 per 
cent of admissions. 

Demographic data 
The overall incidence rate was 0.19 per 100 000 but 
this differed for males (0.15 per 100 000) and 
females (0.24 per 100 000). Non-Aboriginal children 
under five years of age had a slightly higher inci- 
dence rate than Aboriginal children under five years 
(1.41 and 1.23 per 100 000). The ages of the patients 
ranged from the first month of life to 76 years 
(Figure 2).  Twenty-six patients (63.4 per cent of all 
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Figure 2: Number of patients with the haemolytic-uraemic 
syndrome in each age group in Western Australia, 1980 to 1994 

patients) were under five years of age, with the 
median age in this group being three years; 75.6 per 
cent of patients were under 16 years (range: neonate 
to 15 years) with the mean age of this subset being 
3.1 years. 

Clinical course and treatment 
The average length of stay in hospital was 25.8 days 
(range 5 to 74 days), and although 42 per cent of 
episodes occurred in late summer or early autumn, 
a chi-squared test showed no significant differences 
between seasons (x2=2.60, 3 df, b 0 . 0 5 ) .  No geo- 
graphical clustering of episodes was detected and 
the annual frequency varied from two to five cases 
over the 15-year period. 

Clinical features of patients prior to admission are 
listed in Table 1. Data about symptoms of family 
members were poorly recorded. In eight instances, 
at least one family member developed diarrhoea and 
two sets of sisters went on to develop the 
haemolytic-uraemic syndrome. 

In more than 90 per cent of episodes there was a 

Table 1 : Clinical features before hospital admission, for 
episodes of haemolytic uraemic syndrome (-4 1 ), 

Western Australia, 1980-1 994 

Symptom 

Diarrhoea 
Diarrhoea with blood 
Vomiting 
Abdominal cramps 
Fever (97 .2"C)  
Upper respiratory tract infection 
Headaches, fitting, photophobia or 

other neurological phenomena 

n 

30 
19 
33 
17 
1 1  
7 

10 

% 

73.2 
46.3 
80.4 
41.5 
26.8 
17.1 

24.4 

___ 

gastrointestinal prodrome, including 46.3 per cent 
with bloody diarrhoea. Three preterm neonates 
(two sibling twins and one other) developed the 
haemolytic-uraemic syndrome with no recognised 
prodromal symptoms. Two other patients had upper 
respiratory tract infections with fever but without 
gastrointestinal symptoms and one 76-year-old man 
died on the day of admission, with minimal data 
recorded. Of the two patients with upper respiratory 
tract infections, the sputum from the adult male 
grew Mycoplasma but that of the child was negative. 

Six patients were documented as having been 
treated with antibiotics during the prodromal 
period, three with trimethoprim, two with metron- 
idazole, and one with amoxicillin. 

All records indicated evidence of microangio- 
pathic anaemia, thrombocytopaenia and renal dys- 
function at some time during the patient's clinical 
course. However, on admission, only 71 per cent 
were anaemic, 75.6 per cent were thrombocy- 
topaenic and 80.5 per cent had raised urea and/or 
creatinine levels. Sixty-three per cent had both 
anaemia and thrombocytopaenia on admission and 
48.8 per cent had all three features. Oliguria or 
anuria lasting more than two days occurred in 70.7 
per cent of cases, and 36.5 per cent of patients 
required dialysis during the acute phase of the ill- 
ness, for a mean duration of 11.3 days (range 0 to 74 
days). Transfusion of packed red blood cells was 
given in 78 per cent of cases (mean 2.5 units) and 
platelet transfusion in 39 per cent. A full recovery 
was made by 60.9 per cent of patients; 22 per cent 
developed chronic renal failure, 9.7 per cent died, 
4.8 per cent developed hypertension requiring med- 
ication and one child developed epilepsy. In the 
under-16-years subset (n=31), one child died and 
one-third developed chropic renal failure requiring 
dialysis and/or renal transplantation. Thirty per 
cent of patients (3 of 10) over 16 years of age died. 

Causatiue organisms 
Only five pathogenic organisms were isolated from 
stool samples in patients included in this study; two 
were identified as E. coli 0 1  11 :H220 and one as E. coli 
157:H7. One was identified as an enterohaemor- 
rhagic E. coli but was not serotyped, and one isolate 
grew Aeromonas hydrophila. No food vehicle was iden- 
tified as the source of infection in any episode. 

Discussion 
This is the first attempt to describe the epidemiology 
of the haemolytic-uraemic syndrome in WA. As 
most episodes occur in children under five years of 
age it is possible that the five unlocated records from 
the Princess Margaret Hospital for Children were 
real cases. It is unlikely, however, that the overall 
findings of the report would be altered substantially 
by their inclusion. The study is retrospective and 
involves no reference group, so comparisons of risk 
are not appropriate." Despite these limitations, 
findings are similar to population-based studies 
from other countries which suggest that the disease 
is more common in females, young children and 
 white^.^^',^^'"'^ The occurrence of more episodes in 
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the late summer and early autumn appears to be in 
agreement with studies from the US and Europe, 
although the sample size in our study was small and 
the apparent seasonal variation was not statistically 

In 92 per cent of episodes there was a gastroin- 
testinal proclrome suggestive of infection; however, 
pathogenic organisms were isolated in only five 
instances. Four of these isolates2' were identified by 
a hospital laboratory18 and one by the State Health 
Laboratory Service. One of the isolates was 
Aeromonas hjdrvphila, and although this microorgan- 
ism can produce haemolytic cytotoxins,22 it has not 
been linked to the haemolytic-uraemic syndrome 
and may not have been the aetiological agent. As all 
episodes were sporadic (except in two pairs of two 
siblings) andl as no outbreaks have been reported in 
WA, this low rate of identification of pathogens was 
not unexpected. The haemolytic-uraemic syndrome 
is an uncornmon disease, and unless there is a 
detected clustering of cases it is unlikely that stool 
samples would be tested for verocytotoxin-produc- 
ing E. coli.'5 Even if such tests were carried out on all 
patients witlh bloody diarrhoea, negative results 
could occur because the standard laboratory test, 
which uses sorbitol MacConkey's agar to screen for 
E. coli 0157:.H7, does not identify serotype 0 l l l : H -  
which is considered more common in Australia." 
Failure to obtain positive stool cultures from indi- 
vidual patients may have resulted from: 1. absence of 
a pathogenic organism; 2. the initial pathogen no 
longer being present; or 3.  failure of routine labora- 
tory tests to detect the pathogen. Studies of out- 
breaks of the haemolytic-uraemic syndrome have 
identified various vehicles of infection, including, 
most commonly, undercooked minced (ground) 
meat and, less often, small goods, unpasteurized 
milk and cider and untreated water.'~"~fi,''~'S,14-ls,nn,2s In 
WA, where no outbreak has been documented and 
isolation of causative pathogens from stool samples 
has been poor, follow-up investigations to identify 
food vehicles or animal reservoirs of infection have 
not been carried out. 

Information relating to family members, who may 
also have had gastrointestinal symptoms but did not 
develop the syndrome, was rarely available in this 
study. Such information would be valuable in deter- 
mining risk factors and in identifying vehicles of 
infection and might be obtained in the future from 
a case-contrail study.15 There is conflicting evidence 
about the use of antibacterial drugs during the pro- 
drome. Mart:in et al. found that antimicrobial treat- 
ment was assmociated with a mild clinical course and 
good outcome (dialysis <10 days, hospital stay <14 
days and full recovery) .4 However, others have found 
an opposite association, especially with the use of 
sulphonamides and amoxicillin;7~'z~*3 the findings of 
this study support the latter view. The six patients 
with documented antibiotic treatment during the 
prodromal period in this study all developed severe 
disease with a. prolonged hospital stay (1 7 to 74 days) 
and required red blood cell transfusion and dialysis 
for longer than 10 days. Two (sisters) proceeded to 
develop chronic renal failure requiring renal trans- 

significant.4,!',7,'4.'9 

plantation. However, as complete ascertainment of 
antibiotic use among patients was not possible and, 
in the absence of a comparison group, these find- 
ings must be considered cautiously. 

The haemolytic-uraemic syndrome not associated 
with diarrhoea is considered rare in children and is 
more common in  adult^.^ One child and one adult 
in this study developed the syndrome after an upper 
respiratory tract infection. It is possible that the man 
with Mycoplasma infection may have had septi- 
caemia-associated disseminated intravascular coagu- 
lation and not the haemolytic-uraemic syndrome, as 
the haematological features are ~imilar .~ Blood clot- 
ting times, which are altered in the former but not 
the latter, were not recorded during this patient's 
short hospitalisation before his death. 

The haemolytic-uraemic syndrome is a rare and 
serious illness that often requires intensive treat- 
ment and prolonged hospitalisation; it carries sub- 
stantial long-term morbidity and mortality. Its 
relationship to infection by verocytotoxin-producing 
E. coli is well documented, although the prevalence 
of these enteropathogens is unknown in Australia. 
Three important public health issues emerge from 
the literature and the findings of this study: 1. the 
need for greater awareness among general medical 
practitioners (especially those dealing with chil- 
dren) of the existence and presentation of gastroen- 
teritis associated with verocytotoxin-producing E. coli 
and its relationship to the haemolytic-uraemic syn- 
drome; 2. a need for heightened awareness among 
the general public regarding the severity of the dis- 
ease and how it can be avoided; 3. the importance of 
improved surveillance of verocytotoxin-producing 
strains of E. cvli by public health professionals and 
laboratories. 

In April of 1995, the haemolytic-uraemic syn- 
drome became a reportable disease in WA and work 
is under way to inform medical practitioners of dis- 
ease definition and usual clinical presentations. This 
will heighten awareness of the disease, although per- 
haps only in the short term. If an outbreak should 
occur in the future, an 'Alert' statement issued by 
health authorities may help curtail the outbreak by 
increasing awareness among medical and other 
health professionals and the general public. 

Infection by verocytotoxin-producing E. coli is con- 
sidered the most common cause of the haemolytic- 
uraemic syndrome in North America,' and the sever- 
ity of associated haemorrhagic colitis is being 
increasingly noted.L*4~6~7~1P~1'~22~29~P4 The World Health 
Organization has recognised infection by E. cola 
0157:H7, causing food-borne outbreaks of severe, 
bloody diarrhoea and renal failure, as a notable new 
disease of international importance.25 Some coun- 
tries have instituted surveillance programs in order 
to map prevalence and to develop public health pol- 
icy.4,6,13.22,2s In Australia, there is as yet no national 
surveillance program involving the routine culture 
of stools for verocytotoxin-producing E. coli; nor 
does WA have such a program. It must be appreci- 
ated, however, that many serotypes of E. coli can be 
associated with Shiga-like-toxin E. coli infections and 
clinical syndromes (including the haemolytic- 
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uraemic syndrome), which makes their detection 
difficult. Early in the clinical course, the numbers of 
Shiga-like-toxin-producing E. coli in faeces may be 
very high but this can drop very significantly within 
days. 26 

Conventional microbiological testing of clinical 
and food samples in WA is based on procedures that 
involve quantification of coliforms, presumptive 
then definitive identification of E. coli, further defin- 
ition of E. colz serotypes by ELISA and serological test- 
ing, followed by in vitro testing using Vero cell lines. 
In the circumstances outlined above these tests are 
inadequate. A sensi tive Shiga-like-toxin-specific poly- 
merase chain reaction assay has been developed that 
can detect very small numbers of toxin-producing E. 
coli among other coliforms for screening purpo~es.~' 
Since the outbreak of haemolytic-uraemic syn- 
drome in South Australia early in 199516 the Health 
Department of WA has been conducting intensive 
surveillance of the State's abattoirs and small-goods 
processing plants, incorporating screening for vero- 
cytotoxin-producing E. colz into its small-goods sur- 
veillance program, which previously focused only on 
Salmonella. Results are interpreted in relation to clin- 
ical, epidemiological and microbiological data and 
with consultation between those responsible for 
these different aspects of the case. The National 
Food Authority had established standards for E. colz 
in uncooked, fermented comminuted meats; the 
procedures in use in WA are consistent with those 
standards. Regular and more intensive testing of the 
food supply should help to ensure that it does not 
represent a risk to public health. In addition, a sys- 
tem for the electronic transfer of notifiable, infec- 
tious disease data directly to the Communicable 
Disease Control Unit at the Health Department is 
now being implemented. The matching of informa- 
tion from the small-goods surveillance program and 
the Communicable Disease Control Unit register 
will allow a more complete assessment of the pres- 
ence and prevalence of verocytotoxin-producing 
strains of E. colz in the community. Collation of this 
information should facilitate a more rapid detection 
of risk related to food contamination so that future 
outbreaks of the haemolytic-uraemic syndrome can 
be averted or contained. 
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