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SUMMARY

Biochemical reactions, using the PhP-EC system of biochemical fingerprinting,
were evaluated in order to group strains into different clusters and to investigate
whether a biochemical typing system may be used to distinguish between
randomly selected Escherichia coli strains obtained from bacteraemic patients and
healthy controls. Fifty epidemiologically unrelated strains isolated from blood of
non-diabetic patients and 46 faecal control strains were studied. Separately, 70 E.
coli strains from 64 diabetic patients with bacteraemia were investigated.
Diversity index was 0-977, 0-969 and 0-941 respectively. The strains were clustered
at a similarity level of 0.95. The bacteraemic and control strains were subdivided
into 14 different clusters with 2-12 strains each and 40 'outliers'. The largest
cluster was dominated by bacteraemic strains (9/12, 75%). Two other clusters
were dominated by control strains. In the remaining groups blood and faecal
isolates were evenly distributed. No biochemical test was able to distinguish
between bacteraemic and faecal control strains. Strains from patients with
diabetes mellitus were grouped in 11 clusters containing 2-14 strains and 22
'outliers'. The low diversity index of bacteraemic strains obtained from diabetic
patients as compared to other strains indicated a greater homogenicity. However,
no correlation was observed between the examined host factors and the clusters.

INTRODUCTION
Gram-negative bacteraemia is a major infectious disease problem in modern

medical centers [1]. It is largely an iatrogenic and nosocomial problem [2, 3].
Escherichia coli is one of the most common micro-organisms causing urinary-tract
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infections [4, 5] and bacteraemia [6]. Patients with diabetes mellitus run an
increased risk of acquiring Gram-negative bacteraemia, as compared to non-
diabetics [7-9]. Epidemic outbreaks with E. coli have been described previously
[10—13]. It has therefore been essential to establish simple and reliable methods to
diagnose epidemic outbreaks and find markers indicating virulence.

E. coli is usually classified according to 0, K and H serotype [14], with the aid
of antibiogram [10, 13], biotyping [15, 16] and by its further evaluation
biochemical fingerprinting [17]. These methods are well suited for testing large
numbers of isolates. There are also other effective methods, although less adapted
for screening, such as characterization of whole cell proteins [18], outer membrane
proteins or plasmid content [19, 20].

Using the API 50 CH system, we have previously demonstrated that a few
biochemical markers were associated with bacteraemia [21]. It cannot be ruled
out, however, that the analysed strains were characteristic for the studied hospital
and could partly be derived from nosocomial spreads of certain E. coli clones.

The aim of the present study was two-fold. Firstly, to investigate whether a
biochemical typing system or specific biochemical markers may be used to
distinguish between randomly selected bacteraemic E. coli strains and faecal
isolates from healthy controls. Secondly, in diabetic patients with bacteraemia, to
study biochemical characteristics of E. coli and investigate if certain host factors
were associated with specific clusters of these bacteria.

PATIENTS AND METHODS
Diabetic patients with bacteraemia

Among hospital treated patients in the Stockholm area, a consecutive material
was obtained of 70 E. coli strains, isolated from blood cultures of 64 diabetic
patients. Forty-one were women and 23 were men, median ages 70 years, ranges
23-85 years and 23-82 years respectively. The majority had 1 bacteraemic episode
during the study period, while 4 patients had 2 episodes and 1 patient had 3
bacteraemias. The patients were identified retrospectively and the cases were
evaluated by review of their medical records. All patients were characterized
according to type and duration of diabetes mellitus as well as anti-diabetic
treatment. Signs of nephropathy (macro-proteinuria and/or increased serum
creatinine) were considered as significant, if recorded at two or more occasions
during at least 1 year prior to the onset of bacteremia. Episodes of proteinuria, in
combination with signs of bacteriuria or urinary tract infection were not registered
as indication of nephropathy.

Non-diabetic patients with bacteraemia
Altogether 50 epidemiologically unrelated E. coli strains were isolated in blood-

cultures from bacteraemic patients, treated in 1983-7 in different wards at the
Karolinska Hospital, Stockholm, Sweden. Thirty-one were women, mean age 62
years and 19 were men, mean age 67 years (ranges 19-85 years and 11-91 years
respectively). Twenty-four patients suffered from malignant diseases, 8 had acute
pyelonephritis and 5 hepato-biliary diseases. The remaining patients had no
underlying diseases.
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Controls
As controls served 46 faecal E. coli isolates obtained from healthy out-patients.

Sixteen were women, mean age 51 years (range 17-80 years) and 30 were men,
mean age 54 years (range 20-73 years). None of the controls had any gastro-
intestinal disorder. They had not experienced any infection or treatment with
antibiotics within the last 3 months.

Microbiological investigation
Blood cultures were performed as previously described (22). Faecal samples

were spread on CLED agar (Oxoid) and six colonies were selected, using a method
that gives 99% probability that at least one colony belongs to the dominant
aerobic faecal flora [23]. Gram-negative strains were identified by the API 20E
system. All E. coli colonies in each faecal sample showed identical API patterns,
and for further analysis only one colony was used.

PhP-EC system
The PhP-EC system (BioSys Inova, Stockholm, Sweden) consists of 24

biochemical reagents which have been selected to give high discrimination
between independent E. coli strains [17, 24]. The dehydrated reagents are kept in
fiat-bottomed microtiter plates, with four sets of reagents for testing four isolates
in each plate.

Calculations
The test results for all isolates were compared pairwise, and the similarity

between each pair of isolates was expressed as the correlation coefficient. This
resulted in a similarity matrix, for the randomly obtained bacteraemic and control
strains, containing 96 x (96—1)/2 correlation coefficients. Likewise, the similarity
matrix for the isolates from the diabetic patients contained 7Ox(7O—1)/2
correlation coefficients.

Discrimination capacity of the typing systems was calculated using Simpsons
index of diversity (25).

The correlation matrix was clustered by the UPGMA method (26). Isolates with
correlation coefficients above the identity level were assigned to the same
biochemical phenotype. A similarity level of 0.95 was arbitrarily used to analyse
whether bacteraemic isolates could be assigned to specific clusters.

RESULTS

Clustering and diversity index of strains from diabetic patients with bacteraemia
At a similarity level of 0.95 the isolates were subdivided into 11 different

clusters containing between 2 and 14 strains each and 22 'outliers' (Fig. 1). The
diversity index was 0-941. No correlation between any cluster and type of
diabetes, proteinuria, serum creatinine, duration of diabetes mellitus, concomitant
positive urine culture or mortality rate was observed. However, at an identity
level of 0-97, three out of five patients with reinfections revealed biochemically
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Fig. 1. Clustering of E. coli strains from diabetic patients with bacteraemia. Similarity
level 0-95.

identical strains at the second bacteraemic episode. The time interval between the
bacteraemic episodes was 18, 26 and 27 months respectively. The remaining two
bacteraemias occurred after about 1 month.

Clustering and diversity index of strains from non-diabetic patients with
bacteraemia and controls

Atia similarity level of O95 the isolates were subdivided into 14 different clusters
containing 2-12 strains each, and 40 'outliers' (Fig. 2). The bacteraemic isolates
were generally not associated with any particular cluster, although in the largest
cluster (Table 1) 9 of 12 strains were bacteraemic isolates. Two other large groups
contained 6 of 7 and 5 of 6 controls strains. In these two latter groups, the two
bacteraemic isolates were obtained from patients with severe malignant diseases.
In the remaining groups an even distribution among bacteraemic and faecal
isolates was observed. The diversity index of the bacteraemic strains was 0-977
and of the control strains 0-969.

DISCUSSION
When clustering the test results from randomly obtained strains, the PhP-EC

revealed certain clusters containing a majority of bacteraemic strains at a
similarity level of 0-95. These strains could however not be associated with any
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T
Fig. 2. Clustering of E. coli strains from epidemiologically unrelated non-diabetic
patients with bacteraemia and from faecal control strains. Similarity level 0-95. #
indicates bacteraemic strains.

Table 1. Clustering of bacteraemic and faecal control strains according to PhP-EC-
system. Groups containing more than three isolates

No. (%) of

No. of Bacteraemic Control
Group no. isolates strains strains

12
6
4
7
6

9(75)
3 (50)
2(50)
1 (14)
1(17)

3(25)
3(50)
2(50)
6(86)
5(83)

specific underlying disease. On the other hand, in clusters where faecal control
strains dominated and single bacteraemic isolates were found, these strains were
commonly isolated from patients with malignant diseases and impaired immune
system. These results are in concert with our previous findings [9, 21, 27] that
compromised patients more often become infected with normally low-virulent E.
coli strains.

In diabetic patients none of the examined host factors was associated with
specific clusters (data not shown). However, the diversity index among strains
from diabetic patients was lower than among epidemiologically unrelated E. coli
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isolates not only from controls but also from non-diabetic bacteraemic patients,
indicating a greater homogenicity among the diabetic strains.

Three out of five diabetic patients with reinfections revealed a strain that was
biochemically identical to the primarily identified strain. Two of these patients
suffered from cholangitis while the third had a chronic pancreatitis. All three
patients were appropriately treated with antimicrobial therapy at the first
bacteraemic episode. Although the time interval between the infections was long,
18—27 months, it is likely that the initially infecting strain was not eradicated but
could be harboured in the bile or possibly in the bowel.

Biotyping as a tool to diagnose virulent strains has been used by several
investigators. Peeters and colleagues [28] reported on attaching and effacing
enteropathogenic E. coli (AEEC) causing diarrhoea in suckling and weanling
rabbits. In order to type the strains, they used the biotyping system originally
described by Okerman and Devriese [16], involving fermentation of six different
sugars. Similar results were obtained when two non-discriminating carbohydrates
were omitted, leaving dulcitol, D-raffinose, L-rhamnose and sorbose. Deter-
mination of biotypes could thus be used to screen highly pathogenic AEEC. E. coli
obtained from rabbits with diarrhoea were also studied by Camguilhem and Milon
[29]. Serotyping was combined with fermentation of five different carbohydrates.
In their study, serotype combined with fermentation of rhamnose was an
important clue in the diagnosis of enteropathogenic E. coli strains. However, the
above mentioned biochemical markers were probably associated with certain
virulent E. coli clones, and not with virulence as such. It has been shown
previously that bacterial clones may change their biochemical characteristics with
time [30-32]. The use of only one or a few biochemical markers to identify virulent
strains may therefore be hazardous.

In the present study we have deliberately chosen strains that were epidemio-
logically unrelated. This was supported by the high diversity index. The
biochemical markers were evenly distributed among bacteraemic and control
strains, and the bacteraemic strains were not assigned to any specific clusters. No
particular test reagent could indicate virulence or distinguish between bacteraemic
and control strains. These results indicate that the bacteraemic strains studied in
the present investigation did not belong to any special virulent clones, but were
merely E. coli from the normal human flora. Since almost half of the bacteraemic
strains were obtained from patients with malignancies, it is also plausible that
these patients were infected with normally low virulent strains. In a previous
study [21] we observed that D-tagatose, saccharose, salicine and sorbose more
often were fermented by bacteraemic strains as compared to faecal control strains.
These data could not be confirmed by our present results and it cannot be ruled
out that the strains from our previous study were partly derived from nosocomial
spreads.

In conclusion, the PhP-EC system is a simple and reliable method to use for
screening in epidemiological studies. In the present study, no biochemical marker
was able to indicate virulence. Bacteraemic and faecal control strains could not be
distinguished using the biochemical fingerprinting system. Among the diabetic
patients no examined host factors were associated with specific clusters, nor were
P-fimbriated E. coli strains assigned to certain clusters. The diversity index was

I
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lower among strains from diabetics than randomly obtained bacteraemic and
faecal control strains indicating a greater homogenicity among the former strains.
Our results indicate that the bacteraemic isolates studied, randomly obtained and
from patients with diabetes, did not belong to certain virulent clones and that
bacteraemic strains per se do not harbour particular biochemical markers.
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