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PSEUDOMONAS A E R U G I N O S A  is an important cause of infection in hospital 
patients (Kominos, Copeland and Grosiak, 1972; Liljedahl et al., 1972; Al- 
Dujaili and Harris, 1975; Thomas et a/., 1975) and is difficult to control owing 
to its resistance to many antibiotics (Jacoby, 1974; Eykyn and Phillips, 1975; 
Korfhagen, Loper and Ferrel, 1975). 

Various methods of typing have been used in epidemiological investigations. Serological 
typing, based on the 0 somatic antigens, is easy to perform and the results are generally 
reliable (Parker, 1972). Antisera are available commercially (Al-Dujaili and Harris, 1974) 
and are convenient to use, but there is no information on their potency. A disadvantage is 
that certain serological types predominate. 

Bacteriophage typing requires facilities that may not be available in all routine diagnostic 
laboratories; although a variety of typing patterns occur, reproducibility is less satisfactory 
than in staphylococcus phage typing. The combined use of phage typing and serological 
typing may be of value in subdividing the common serotypes (Parker, 1972). 

Pyocine typing may be accomplished in two ways, namely " active " and " passive ". 
" Active " pyocine typing depends on the pattern of growth inhibition produced by the 
pyocines of the strain being typed on a set of indicator strains of P.  aeruginosa. " Passive " 
typing depends on the susceptibility of the strain beingtyped tothe pyocines produced bya set 
of P.  aeruginosa strains chosen for the purpose. The most widely used active method is that 
of Gillies and Govan (1966) and Govan and Gillies (1969). This method has been used 
extensively in epidemiological studies (Tinne et al., 1967; Henderson, Maclaurin and Scott, 
1969), though sometimes with modifications (Tagg and Mushin, 1971). It is simple to 
perform, but certain strains are poor pyocine producers, and 2 days are required for the test, 
although results may be obtained more rapidly when mitomycin C induction is employed 
(Tripathy and Chadwick, 1971). Osman (1965) and Farmer and Herman (1969) have 
described methods of passive pyocine typing. However, some of the pyocine preparations used 
contained bacteriophage. Rampling and Whitby (1972) described a method of preparing 
lysates, free of contaminating phage particles. A preliminary report on the use of these 
lysates was promising (Rampling, Whitby and Wildy, 1975). 

Rampling et al. (1975) made use of the passive method in epidemiological 
investigations. We report here our experience with both active and passive 
methods of pyocine typing in epidemiological investigations over a 3-year period. 
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2 ml of emulsion were injected into the other hind leg. The animals were bled out after a 
further week. When required, the appropriate neutralising antiserum (0.2 ml) was added to 
the uv-treated lysates and incubated at 37°C for 30 min. The treated lysates were diluted 1 in 
5 in TSB and stored at 4°C for up to 6 weeks. The efficacy of neutralising antiserum was 
established each time it was used. 

The strain to be typed was grown overnight at 32°C in peptone water. One drop (0.02 ml) 
of this culture was mixed with 5 ml of molten 0.7% Oxoid Agar No. 1 at 45-50°C. This was 
overlaid on two nutrient-agar plates and these were left to dry. The pyocine-containing 
lysates were spotted on these with a carousel-type phage-typing machine (Biddulph and Co.,  
Manchester, Ltd). The plates were dried and incubated at 30°C overnight. 

Inhibition reactions were scored + + (clear zone), + and f (less clear zones) and (&) 

(very faint zone). Repeated observations on individual strains showed that the very faint 
reactions occurred irregularly and they were therefore disregarded in interpreting the results. 
The intensity of reaction was partly dependent on the density of the inoculum. A suitable 
“ lawn ” is shown in the figure. 

In interpreting the results, we used the criteria of Rampling et al. (1975). Any two strains 
with three or more differences in their pyocine-sensitivity patterns were regarded as distinct. 
Strains with only one or two such differences were regarded as indistinguishable. 

Assay of pyocine preparations 

Potency of pyocine preparations is more difficult to estimate than that of phage prepara- 
tions because the end-point is less easy to define, and the lysates may contain more than one 
pyocine. However, a modification of the method described by Paterson (1965) was used to 
assess pyocine activity (see table 111). The crude lysates were assayed immediately after 
preparation and again after 1, 3, 6, 12 and 18 months’ storage at 4°C. The method was as 
follows. 

The 12 strains recorded as the most sensitive indicators by Rampling et al. (1975) were 
seeded on nutrient agar plates in duplicate as for routine passive-pyocine typing. The lysates 
were uv-irradiated to inactivate phages and, if required, treated with the neutralising antisera. 
Six serial 10-fold dilutions of the treated lysates were prepared, with a fresh pipette for each 
dilution. A drop of each dilution was placed on plates seeded with the appropriate indicator 
strains, each lysate being titrated in duplicate. Pasteur pipettes delivering 30 drops per ml 
were used. The plates were dried and incubated at 30°C overnight. 

The endpoint was taken as the dilution that gave a reaction graded + (see figure). This 
was chosen because a strong reaction was less dependent on interpretive error and inoculum 
size. It is perhaps analogous to the endpoint of a phage titration, in which the “ routine test 
dilution ” (that giving “ nearly complete lysis ”) can be accurately determined (Blair and 
Williams, 1961). 

Tests for reproducibility of active and passive pyocine typing methods 

Many factors may affect the reproducibility of these procedures. They include the 
stability of test, producer and indicator strains, the stability of the pyocine preparations, and 
the nature of the growth conditions. To take account of as many of these variables as 
possible, three approaches were used. (1) On the same day, 10 colonies were picked from 
each of 10 epidemiologically unrelated strains of P. aeruginosa and typed twice by the active 
method and twice by the passive method. (2) The same 10 strains were typed twice by the 
active method and twice by the passive method at intervals of 2-3 weeks over a period of 
27 weeks. For the passive method, the same stock preparations of crude lysates were used 
over the 27-week period. These were uv-irradiated and diluted 1 in 5 on each occasion before 
use. (3) To assess consistency in the typing of strains isolated from individual patients, both 
typing techniques were applied to all isolates from 25 patients each of whom had contributed 
three or more cultures of P. aeruginosa. Each batch of strains typed included as controls the 
12 sensitive strains described by Rampling et al. (1975). 
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RESULTS 

Distribution of pyocine types 

Table I gives the results of active pyocine typing of the 839 strains of P.  
aeruginosa. Types 1 and 3 were the most common and accounted for just 
over 50% of all cultures. The subtyping of type-1 strains is summarised in 
table 11. A total of 42 isolates ( 5 % )  could not be typed by the active method, 
whereas 73 of 1008 strains (7.24%) were untypable by the passive method. 
Of 726 strains tested by both methods, 35 were untypable by the passive method, 
23 were untypable by the active method and nine were untypable by both 
methods. 

TABLE I 

Typing of 839 isolates of Pseudonionas aeruginosa by the active pyocine method 

Type I Number of isolates Percentage 
1 

272 32.4 
1.7 

3 17.8 
5 
6 
8 

10 
22 
26 

Others* 
uc 
NT 

43 5-1 
27 3.2 
1 1  1.3 
16 1.9 
35 4.2 
12 1.4 
61 7-3 

157 18.7 
42 5.0 

* Of 21 types, each accounted for less than 1 % of the 839 strains. 
UC = Unclassifiable, i.e., the inhibition patterns did not conform to those of the recognised types 

NT = Non-typable, i.e., gave no inhibition reactions. 
of Govan and Gillies (1969). 

TABLE I1 

Subtyping of 272 strains of the active pyocine type I 

Percentage Percentage 

isolates) of any type) 
Number of isolates (of 272 type-1 (of 839 isolates 

la 
l b  
lc 
Id 
1e 
If 
Ig 
lh 
1UC 

7 
23 
87 
44 

7 
3 
5 

57 
39 

2.6 
8.5 

32.0 
16.2 
2.6 
1-1  
1.8 

21-0 
14.3 

0.8 
2.7 

10.3 
5.2 
0.8 
0.4 
0.6 
6.8 
4.7 

1UC = Type 1 strains with subtyping patterns of inhibition other than those of the subtypes 
a-h of Govan and Gillies (1969). 
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FIGuRE.--The interpretation of passive pyocine typing of Pseudomonas aeruginosa. The four grades 
of reaction, + + , + , j~ and (&), are defined under Materials and methods. The largest zone 

in the second row from the bottom is due to a small molecule " S-type " pyocine. 
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I 

TABLE I11 

Repeated assays of 24 pyocine preparations over a period of 18 months 

23 

24 

Relative potency* of lysates at the 
stated times (months) after preparation 

0 1 3  6 1 2 1 8  

Indicator 
strain (-A- \ 

GA 2 2 2 1 1 0  

G1 6 4 4 4 3 2  
GB 4 4 2 2 2 t l  

Lysate number 

G1 4 4 4 4 4 3  

G1 4 4 4 4 3 3  

1 

2 

3 

4 

G1 4 4 3 3 3 2  

G1 
GE 

5 3 4 4 4 3  
4 4 4 3 3 3  

5 G8 
GA 
NIH26 

3 3 3 2 1 0  
3 3 3 2 2 2  
3 2 2 1 1 1  

4 1 1 0 0 0  
4 1 1 1 1 1  

6 G1 
GE 

G l  3 2 2 2 2 1  7 

8 3 3 2 2 2 t l  
3 3 2 2 1 < 1  

G8 
GC 

9 

10 

G4 5 5 4 4 3 3  

4 4 4 4 3 3  
4 3 2 2 1 1  

G3 
G7 

G7 4 3 3 2 2 2  11 

12 4 4 4 2 2 2  
5 3 3 3 2 0  

G1 
QEB 

13 

14 

15 

NIH18 2 2 2 2 1 0  

4 2 2 2 1 1  GE 

5 5 3 3 3 3  
2 2 1 1 1 0  

G1 
GE 

4 4 4 3 3 3  
3 3 2 2 1 0  

16 G1 
N1H18 

GE 4 2 2 1 1 1  17 

18 3 2 2 2 2 < 1  GE 

19 I G3 3 3 3 3 3 1  

20 

21 

G8 5 4 4 4 4 1  

G1 5 5 3 3 2 0  

22 2 2 2 2 1 0  
~ %-I26 3 3 3 3 1 ( 1  

* Loglo of reciprocal dilution of lysate preparation giving an inhibition reaction graded + 
against the indicator strains found by Rampling et al. (1975) to be the most sensitive. 
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138 
335 
460 
490 
636 
630 

Stability of pyocine preparations over 18 months 

The assay method was designed to correlate as closely as possible with the 
technique of passive typing. The results given in table I11 show that, with the 
exception of lysate no. 6, the pyocines retained activity against the most- 
sensitive indicator strains for 12 months. Surprisingly, lysate 17 prepared from 
the same producer strain as lysate 6, but treated with neutralising antiserum, 
retained slightly higher activity over the 12 months. Similar treatment of the 
crude lysate, numbered and used as 6,  marginally improved its action against 
indicator strain GE. Activity of lysate 6 against some other indicators was 
less rapidly lost. 

4, 5, 9 L4,(G14),(G20),(G24) 
1, 2, 3, 4, 5, 6, 7, 9, 15, 16, 21, 24 
5, 9, 20, 22, 23 
1 ,  2, 3, 4, 6, 7, 9, 15, 16, 21, 24 
2, 5, 6, 7, 9, 16, 21, 24 
9, 20 

W L 7 )  
G1 
L3 
L5,L6,(L16) 
(G 1 ),(G 14) 

Reliability and reproducibility of both typing methods 

Ten strains of P.  aeruginosa were typed twice by the active method and 
twice by the passive method in 10 replicate experiments on the same day. The 
active typing results showed no variation. The passive typing results showed 
minor variations in the pyocine susceptibility patterns, but more than two strong 
differences in reaction-the requirement for distinguishing between two 
different isolates according to Rampling et al. (1975)-were never found. 

Over the 27-week period in which reproducibility of typing was examined, 
there was no variation in the active typing results, but there was an apparent 
loss in the potency of some of the lysates used for passive typing (table 111), 
particularly lysate 6. There was a diminution in the strength of the inhibition 
reaction and in some cases a total loss of reaction (table IV) that was not 
reflected in the controls. 

The typing results, in respect of strains isolated from 25 patients from whom 
three or more cultures were obtained, were compared. For the strains isolated 
from 16 patients, the two methods of pyocine typing were in full agreement. 

TABLE IV 

Variations in the passive pyocine-typing patterns observed when 10 strains were typed in duplicate 
at intervals of 2-3 weeks for a period of 27 weeks 

Strain 
number Initial typing pattern Variations observed* 

* The variations are represented by lysate numbers concerned with loss, L,.or gain, G, of a stronc 
~..h:l.:~:-.. ,,..,c:,, ,,..rI,A I I _- I TL-  I - - -  _I - c -  _ _ _ _ _ I -  - _ _ _  A:-- :_ . - > : - - L - >  1. ~ 

mllulLlul1 ~GULLIUII glaucu t t uc t. I  it: loss or gain or a W ~ ~ I K  reacrion is inaicarea DY me use or - 
brackets. 
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For those from the remaining nine patients it appeared that a type as defined 
by one method could be divided into two types by the other. On two occasions 
the passive procedure gave a greater degree of division. 

Application of p y ocin e- typing methods in epidemiological investigations 

Both typing techniques were used to detect cross-infection when there 
appeared to be an undue frequency of isolation of P.  aeruginosa from patients 
in a ward or clinic. Ward procedures were examined simultaneously for 
evidence of any breakdown in aseptic routine that might provide a source 
of infection or lead to transmission. Any such lapse was considered significant 
if correction was followed by failure to obtain further isolates. Table V gives 
details of episodes A-F in which there was good correlation between both 
typing methods. Episodes G-I, in which there were discrepancies between the 
two methods, are recorded in table VJ. 

Episode A .  P.  aeruginosa was isolated from a patient with meningitis after 
epidural irrigation with local anaesthetic for a prolapsed disk. Isolates from 
two other patients seemed to be related and typing confirmed the relationship. 
Although no common source of infection was found the hazards of the irrigation 
technique were pointed out to the surgeon and it was abandoned. No further 
infections occurred in this ward. 

Episode B. This occurred in an intensive care unit. The isolation of a 
clearly-defined epidemic strain from the hands of attendant staff indicated a 
low standard of hand washing. Routine hand disinfection with " Hibiscrub ". 
containing 20 % v/v Hibitane (chlorhexidine gluconate solution B.P.) (I.C.I.) 
was introduced and there were no further isolations of the epidemic strain. 

Episode C. The epidemic strain was isolated from four patients. This 
outbreak was associated with a ventilator that was not adequately disinfected 
between patients. After the procedure was modified appropriately, no further 
cases occurred. 

Episode D. One ventilator had been used, without the normal cleaning and 
disinfection, on five patients, as a result of a temporary change of staff. No 
further case of pseudomonas respiratory-tract infection occurred after the 
normal procedure had been restored. There was not an absolute correlation 
between the results of both typing methods, though patterns in respect of the 
isolates from sputum samples and the ventilator were in good agreement. 

Episode E was an outbreak involving infections of wounds and respiratory 
and urinary tracts with P.  aeruginosa. Neither a common source nor the mode 
of transmission was found. The outbreak was discussed with the surgeons and 
a consequent improvement in the standards of hygiene may have resulted. 
There were no further isolations of the epidemic strain. 

Episode F occurred during and immediately after episode G in the same 
ward. There had been a number of lapses in aseptic technique (vide infra). 
The epidemic strain was isolated from a solution of the formulated phenolic 
disinfectant " Hycolin " (William Pearson, Yorkshire) that was used to treat 
urine bottles. The disinfectant was being used at the wrong dilution and two 
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members of the staff were found to be faecal carriers of the epidemic type. 
After urine collection techniques and standards of hygiene had been improved, 
no further isolates were obtained. There was good, but not absolute, corre- 
lation between the results of the two typing methods. 

Episode G occurred in the surgical ward of a genito-urinary unit. The 
epidemic strain was resistant to gentamicin, tobramycin and carbenicillin. 
Potential contributory factors included the following : urine bottles and bed- 
pans were treated with a disinfectant that was too dilute and the epidemic 
strain was isolated from them and from the faeces and hands of a nurse; a 
closed system of urine drainage was not in use. After the introduction of 
corrective measures there were no further isolations of the strain. 

Although isolates with the characteristic antibiotic. resistance pattern were 
all active pyocine-type 6, the passive pyocine-typing results did not indicate that 
all were related. 

Episode H was an extensive outbreak in a varicose ulcers clinic, where 
working conditions were cramped and hygienic standards difficult to maintain. 
The ulcers were treated with gentian violet. P. aeruginosa was isolated from 
this solution, from the paint brush with which it was applied and from a tube 
of betamethazone 0.1 % with chlortetracycline 3 % (Betnovate A, Glaxo). 
Each method of typing indicated that many of the cultures were related. 

Episode I was an outbreak of post-operative wound infection in a surgicaI 
ward. No source of infection was found, but after revision of aseptic techniques 
in the ward no further isolations were made. Neither method of typing 
provided more than an indication that some of the isolates were related. 

DISCUSSION 

This study was carried out mainly to evaluate the pyocine sensitivity or 
" passive " method of typing P. aeruginosa. The typing results were compared 
with those obtained by the " active " method of typing. Both techniques were 
simple and cheap, though the passive method required the use of a phage 
applicator. Complications in the interpretation of results obtained by both 
methods arose out of strain-to-strain variations in the intensity of inhibition 
reactions. The value of the active method was somewhat restricted by the 
predominance of certain types. Like Govan and Gillies (1969) and Bergan 
(1973), we found that types 1 and 3 were the most common. Subdivision of 
type 1 by a second set of indicators was therefore of value. The passive method 
was more rapid than the active, but sometimes the strains were difficult to type 
and reproducibility was poor; the method was usually capable of defining the 
epidemic strains. 

The reliability and reproducibility experiments revealed a degree of variation 
in inhibition by certain lysates, notably lysate 6. Such variations may affect 
the interpretation of results when a reaction with one of these lysates is needed 
to distinguish between cultures. The use of control strains did not overcome 
the difficulties though the importance in passive typing of including the set of 
control strains was indicated by the gradual loss of potency of some lysates. 
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The assay procedure that was used to assess potency over 18 months is too 
time-consuming to be used in the routine assessment of lysates. Further, use 
of only the most sensitive indicator strains precludes the assessment of con- 
sistency of patterns of inhibition. Thus it is unlikely that all the pyocines in 
any one preparation are assayed. Inclusion of the highly sensitive strains as 
controls with each typing batch led to a better assessment of the activity of the 
lysates under conditions of routine use; against a range of indicator strains, 
decline in the activity of different pyocines in the lysates is more readily observed. 
Replacement of some lysates in the set is under consideration. 

Both methods were applied to nine episodes (A-I) of pseudomonas infection 
and it was apparent that the results fell into two categories. For episodes A-F 
the results obtained by both typing techniques were in good agreement, but 
interpretation of the results in outbreaks G, H and I was less clear. 

In episode G, the cultures that were resistant to gentamicin, tobramycin 
and carbenicillin had the same colonial morphology. The colonies were small, 
dome-shaped and gelatinous, thus differing from any we had seen previously 
and from the recognised types (Phillips, 1969). All were clearly shown by 
active typing to be type 6. Passive typing showed at least two types, although 
the unusual antibiotic sensitivity, colonial morphology and active typing results 
suggested that we were dealing with a single strain. 

In episode H, the active method showed two types. The unclassifiable 
reactions were distinctive and peculiar to this study. We agree with Merrikin 
and Terry (1972) that the appearance of a rare type may be of distinct value in 
epidemiological studies. However, the two types in episode H were separated 
by only a single difference in the reactions. Chadwick (1972) argued that when 
this occurs in the scheme of Gillies and Govan (1966), as for example between 
types 1 and 10, the cultures form a single group. Possibly the two active types 
encountered in this episode form a homogeneous group. Passive typing 
revealed a variety of types and there was poor agreement between the two 
typing methods. Merrikin and Terry (1972) suggested that the use of stable 
pyocines in a passive typing system over an extended period might be preferable 
to the use of an active system depending on variable pyocine production with 
consequent alteration in type. In the H outbreak, the isolation of some strains 
with identical typing patterns at intervals of several years indicated stability 
of type. Over the same period, the minor variations from the original shown 
by other strains suggested a degree of instability. 

In episode I, the active type 5 was defined by a single reaction. With the 
second set of indicator strains, normally reserved for the subdivision of type 1, 
a consistent reaction was found with indicator D that was inhibited both by 
type 5 and the untypable cultures. This may indicate that these cultures are 
indistinguishable. None of the untypable strains we have encountered gave 
this typing pattern with the second set of indicators, except one isolate obtained 
in a different hospital 2 years previously. Passive typing showed that cultures 
were of three types. Two cultures isolated from a single patient at an interval 
of 3 years differed in that the second gave one active-typing reaction less than 
the first (type 5 )  and as a result was untypable; loss of three reactions occurred 
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in respect of passive typing and this may indicate that such reactions are less 
stable than those associated with active typing. 

Our prospective study forms the only report of epidemiological studies by 
means of passive typing except for that of Rampling et al. (1975). Their study 
was based on active and passive typing and a combination of serology and phage 
typing. Eleven foci of infection were investigated and a 73.3% agreement 
between active and passive pyocine typing was found. The present study showed 
that although there was good agreement between active and passive methods 
in six of nine episodes, this was not so in the other three; in one of these the 
active method seemed to yield the more valuable epidemiological information. 

SUMMARY 

An investigation was carried out to determine the value of active and 
passive pyocine typing in the study of Pseudomonas aeruginosa infections 
acquired in hospital. Active typing was a more reliable and reproducible 
method than passive typing. Both methods were used in studies of nine out- 
breaks of infection. In six of these episodes there was good agreement between 
the two methods. Less clear-cut results were achieved in the remaining three 
episodes. In one of these, active typing gave more valuable information. 
However, both methods are easy, convenient and of value in epidemiologica1 
studies. 
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