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Wound infections after surgery in a modern operating suite:
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SUMMARY

A prospective study of 2983 operations in general and orthopaedic surgery during
3 years performed in four operating theatres in a modern operating suite was
carried out in order to evaluate the importance of airborne infection. Weekly
nose-and-throat samples were taken from the surgical staff and pre-operative
samples were taken from the nose, throat, skin and perineum of the patients. The
air contamination was followed by using settle plates, which showed low mean
counts of total bacteria of between 9 and 15 c.f.u./m2/min, with mean counts of
Staph. aureus of between 0-03 and 0-06 c.f.u./m2/min. No correlation was found
between the total number of bacteria and the incidence of post-operative infections
or between the amount oi Staph. aureus in the air and post-operative Staph. aureus
infections. It was concluded that further increases in ventilation could, at best,
only marginally affect the incidence of post-operative infection.

The post-operative wound-infection rate was 9-0 %. In various types of surgery,
the infection rates varied from 5-3 % in clean operations to 47-6 % in dirty surgery.
About one third of the infections were classified as moderate or severe.

Adverse patient factors, such as immunodeficiency, steroid treatment, intensive
care, etc., increased the rate to 15-0%; in 'normal' patients it was 3-8%.

Among the bacteria isolated, gram-negative bacilli (31 % of wounds), often
together with other bacteria, and Staph. aureus (28 %) predominated, but in 25 %
no specimens were taken.

Of 76 post-operative Staph. aureus infections, 32 were caused by the patients'
own strains, and of the remaining 44 infections, 22, or 8 % of all infections, could
be traced to strains present in the air and/or the respiratory tracts of staff during
the operation.

The length of pre-operative hospital stay had no influence on the carrier rate of
Staph. aureus in patients. The incidence of post-operative wound infection was
significantly higher in patients carrying Staph. aureus and was even higher if these
bacteria were found on the skin.

Patients with wound infections stayed, on an average, 15 days longer than
patients without infections. In serious infections the increase in duration of stay
was > 20 days. Although infections were commoner in older patients, the average
additional hospital stay of infected patients did not increase with age. If the
post-operative infections studied in a concurrent retrospective study are taken
into account more than 12 000 bed-days were due to post-surgical wound infections
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in the period studied or, in other words, some 12 beds (corresponding to 5-5% of
the total) were always occupied by infected patients.

INTRODUCTION

Hospital infections are still an important problem in hospital care and many
attempts have been made to determine the most important transmission routes
and to find the most effective prophylactic measures. It is not possible to make
a detailed review but some large investigations published during the last 10-15
years are worth mentioning. In two large studies from the U.S. the infection rates
were 7-4 % (Ad Hoc Committee, National Research Council, 1964; Altemeir, 1971)
and in two recent studies from England (Ayliffe et al. 1977; Shaw, Doig & Douglas,
1973) the infection rates were 15-4 and 17 %, respectively. In Scandinavia several
extensive investigations have also been published during the last 10-year period.
In a Danish study (Jepsen, Olesen-Larsen & Thomsen, 1969) the infection rate was
as high as 19-1 %, and from Norway a rate of 13-1 % was reported in 1970 (Bruun).
In Sweden a well-controlled study in 1976 (Brote) reported an infection rate of
7-4 %. The general impression is that the infection rates vary, but in well-controlled
large studies during the last 15 years they have been about 7-8 %. There does not
seem to have been any substantial improvement during this period.

Many clinicians and bacteriologists, especially in the mid-years of the century
(Bourdillon & Colebrook, 1946; Hart, 1938; Wells, 1955), believed that airborne
bacteria in the operating room are very important as a source for post-operative
infections and several investigators have reported epidemics of post-operative
wound infection apparently due to airborne transfer of staphylococci from a carrier
in the operating room (Ayliffe & Collins, 1967; Payne, 1967). Improved ventilation
should then reduce infection rates and in one study by Blowers et al. (1955) the
infection rate fell from 10-9 % to 3-9 % when controlled ventilation was installed.
During the last years orthopaedic surgeons like Charnley have published results
favouring the idea that at least in hip surgery most infections are airborne
and that transmission takes place in connexion with the operation (Charnley, 1964,
1972; Charnley & Eftekhar, 1969). In operating suites with conventional venti-
lation it is hardly possible to have less than 4 % deep infections, but if ultra-clean-
air ventilation is introduced it is possible to reduce the incidence below 1 %. One
disadvantage with several of these investigations is that other changes have been
introduced at the same time.

Other workers do not believe that airborne infection is so important and claim
that there is no conclusive evidence at this time that improved conventional
ventilation or ultra-clean-air systems in itself has a favourable influence on the
incidence of surgical wound infections (Clark et al. 1976; Laufmann, 1973, 1976;
Lidwell, 1976; McLauchlan et al. 1976; Nelson, 1975; Nelson, 1976; Seropion &
Reynolds, 1969). In a large U.S. study (Ad Hoc Committee, National Research
Council, 1964) it could be shown that although ultraviolet irradiation reduced the
number of airborne bacteria in the operating room by 51 to 63%, the post-
operative wound infection rate was the same in irradiated and unirradiated rooms.
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Several other attempts to relate the numbers of airborne bacteria to the incidence
of post-operative sepsis have also failed and the importance of air spread compared
to other modes of spread has not been determined.

Shaw, Doig & Douglas (1973), who carried out an investigation in an operating
suite for general surgery, concluded that the evidence appears to be incompatible
with the view that airborne infections play an important role in general surgery.

In Uppsala a new operating department was opened in 1972. It was constructed
with regard to the principles laid down by the Operating Theatre Hygiene Sub-
committee of the Medical Research Council in Engand (1962). This unit has been
studied from a hygienic point of view and the results have been published in
a series of papers (Hambraeus, Bengtsson & Laurell, 1977, 1978a-c). The aim of
this investigation is to report the infection rates and the results of bacteriological
and epidemiological studies during the first 3 years of use. In connexion with this
some of the factors of importance for the infections and the economic consequences
of a prolonged hospitalization caused by a post-operative wound infection will be
discussed.

MATERIAL AND METHODS

The study started in January 1972, when a new operating suite was opened at
the University Hospital, and went on for three years. During this time
2983 patients were included in a prospective study where details about the patient
and the operation were registered and pre-operative samples collected from the
patients. A full-time nurse followed the post-operative course of the patients. Any
post-operative infection was noted and, if possible, a specimen taken for culture.

Another 600 patients with post-operative infections were included in a retro-
spective study. In this study no pre-operative cultures could be taken, but an
attempt was made to find out as many details as possible about the patient and
his operation.

Operating suite

The operating suite has been described in detail in earlier papers (Hambraeus
et at. 1977, 1978a). It is independent of the general traffic and air movement in the
rest of the hospital. In principle, it is planned as a double corridor system. One
corridor is used by staff only. In this the scrub sink for the operating team is
situated. The other corridor is used for transport of patients and material. The
operating theatre has three doors. One leads to the corridor used by the staff, one
leads to the anaesthetic room and one to the exit area. There are 12 operating
theatres. The rooms of the suite are arranged so that there is a continuous
progression from the entrance to the suite through zones that are increasingly
cleaner. The unit is equipped with a positive-pressure ventilation system and the
ventilation is normally balanced between all rooms in the operating suite. The
ventilation rate in the operating room is about 17-20 changes/h. In some rooms
there is a special zonal ventilation (Abel & Allander, 1966) where a clean-air inlet
is installed in the ceiling above the operating table. By this system the operating
area is provided with a ventilation corresponding to 80 changes/h.

https://doi.org/10.1017/S002217240002581X Published online by Cambridge University Press

https://doi.org/10.1017/S002217240002581X


44 S. BENGTSSON, A N N A HAMBBAEUS AND G. LAUBELL

The operating department is used mainly for general and orthopaedic surgery.
The prospective investigation was carried out in 4 of the 12 operating theatres.

Three of these had normal positive pressure ventilation and the fourth had zonal
ventilation.

Definition of wound infection

Wound infections have been denned as wounds with pus visible to the naked
eye, whether or not organisms could be cultured from the purulent material. In
some cases no wound culture was done, but if the criteria of pus and clinical signs
of infection were fulfilled they have been regarded as infections.

Classification of wound

The classification of wounds was the same as that used by the American Ad Hoc
Committee, National Research Council (1964), in the study of post-operative wound
infection. They are as follows:

Clean. All clean operations such as thyroid, mammary, hernia, fractures, etc.,
have been included. No break in technique occurred. No inflammation was
encountered. The gastrointestinal or respiratory tracts were not entered. Operations
with entrance of the GU or biliary tracts were considered clean in the absence of
infected urine or bile.

Clean contaminated. Respiratory and stomach tracts entered without significant
spillage. Minor break in technique. Entrance of GU or biliary tracts in the
presence of infected urine or bile.

Contaminated. Surgery of colon and rectum. Acute bacterial inflammation
encountered without pus. Fresh traumatic wound from relatively clean source.

Infected or dirty. Pus encountered. Perforated viscus. Traumatic wound, old, or
from dirty source.

Sampling routines

Patients. From the patients specimens were taken on the day of operation from
the nose and throat with a dry cotton swab, and from the skin of the forearm and
the perineum with a wet (physiological saline) cotton swab. Wound specimens were
usually collected by the ward staff on the day an infection was discovered.

Staff. About 100 persons worked in the operating suite every week. Nose and
throat swabs were taken once a week from all staff members, who usually took
their own specimens. A total of 11200 specimens were taken from 1250 persons.

Environment. Four settle plates were placed in the periphery of each operating
room and two each in the adjacent anaesthetic room and exit area.

Bacteriological methods

Wound samples were cultivated on sheep-blood agar plates with and without
gentian violet, on hematin agar, and phenol-red mannitol salt agar and on anaero-
bic blood agar plates. The plates were incubated at 37 °C and read after 24 and
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48 h. During the latter part of the investigation a modern technique was used for
anaerobic cultures (Anaerobe Laboratory Manual, 1973).

For nose, throat, skin and settle plates only sheep-blood agar plates were used.
Specimens from the perineum were also cultivated on phenol-red mannitol agar.
The plates were incubated at 37 °C and read after 24 and 48 h. From the settle
plates both the total number of bacteria and the number of Staph. aureus were
determined. Isolated bacteria were verified according to current techniques. All
Staph. aureus were phage-typed according to the methods of Blair & Williams
(1961).

Registration

For all patients included in the study a form (see Appendix) containing infor-
mation about the patient and his operation was completed. It included data on
underlying disease, e.g. diabetes and malignancy, treatment with steroids or
antibiotics, etc., as well as existing infections. The type of operation and anaesthesia
and the identity of the surgical staff was also noted, together with the type of
post-operative treatment, such as intensive care, central venous catheter, etc.
Any infection occurring was also noted. All this information was collected by one
person, a full-time registered nurse. It should be noted that only infections that
made their appearance during the stay in hospital were registered. A schematic
outlay of the form used is given in the Appendix. All this information was trans-
ferred to punch cards and computer-processed. Details about bacterial cultures
were entered on optical mark recognition sheets. The data system used, a modifi-
cation of the routine laboratory system we use, has been described earlier
(Bengtsson, Bergqvist & Schneider, 1975).

The data-technical aspects of the computer analysis of the collected data have
been discussed elsewhere (Bergqvist & Bengtsson, 1978). AID (Automatic Inter-
action Detector) analysis (OSIRIS users manual, 1973) was used for some analyses.

BACTERIOLOGICAL FINDINGS
Staff

The frequency of nose and throat carriers of Staph. aureus in different staff
categories varied from 34 % to 47 %. It varied slightly from year to year, but there
were no significant differences. It was highest among doctors and medical students
and lowest among nurses and assistant nurses. Phage typing showed that 67 % of
isolated strains were typable. Strains within group I constituted 38%, within
group II 8-7 % and group III 18 %. No special phage type dominated. As in many
other investigations there were two types of carrier, persistent and intermittent,
and non-carriers. The type of carrier state in the individual person was remarkably
constant. In many cases the same type of Staph. aureus could be found in a persist-
ent carrier during the whole 3-year period of the investigation.

Beta-haemolytic streptococci. These occurred sporadically and were found in only
2-4% of all specimens; 12-4% of the staff were positive on one or several occasions.
Grouping showed that group A, C and G were commonest and 89-5 % of the strains
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Table 1. Influence of length of pre-operative stay on occurrence of Staph. aureus
in patients

% carrying Staph. aureus in:

Pre-operative
stay (days)

s= 3
4 - 8
9-15
3s 16

Number of
patients

1,899
720
215
137

Nose/
throat

33
35
34
34

Skin

6
7
8
9

Perineum

9
9
9

10

Table 2. Mean number of total bacteria and Staph. aureus in c.f.u./m2/min in
theatres and ancillary rooms 1972—1974

Theatre*

9
11
12
14

Anaesthetic
A

Total

8-4
10-6
12-3
12-6

room

Staph.
aureus

0-06
0-04
0-06
005

Operating
A

Total

10-8
11-3
9-0

14-3

theatre

Staph.
aureus

004
0-04
0-04
0-05

Exit

Total

8-3

12-28f

13-8

area

Staph.
aureus

0-02

0-04t

006

* Theatre 11 had zonal ventilation, the others conventional.
f Theatres 11 and 12 shared the same exit area.

belonged to these groups. The streptococci were mostly found in healthy carriers
but there were a few clinical infections.

Patients

The frequency of Staph. aureus from different sampling areas related to pre-
operative nursing time can be seen in Table 1, which stresses that the carrier rate
was not influenced by the pre-operative nursing time. There was no increase in the
number of tetracycline-resistant strains. In 3-2 % the perineum was the only place
from which Staph. aureus was isolated. There seemed to be an increase of skin
carriers with a longer pre-operative nursing time but the difference was not
significant. Staph. aureus was isolated from the skin in 6-5%, and in 1*8% from
skin only.

Environment

The mean values for total bacterial air count in four operating theatres with
adjacent anaesthetic room and exit area can be seen in Table 2.

In the periphery of the operating theatres it varied between 10-8 and 14-3 c.f.u./
m2/min and there were no marked differences between the theatres. If earlier
experiments with dispersal were used as a base it could be calculated to be lowest
in the central part of zonal-ventilated theatres, i.e. 6-6 c.f.u./m2/min.

The number of bacteria in the anaesthetic rooms and exit areas was more or
less the same as in the theatres. There were variations from day to day but they
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were usually small and there were no broadcasting effects. There were no differences
in the air counts in different types of surgery. The mean was ~ 10 c.f.u./m2/min
in contaminated surgery on colon and rectum and 12-5 c.f.u./m2/min in clean or
clean-contaminated surgery of the gall-bladder or kidney. This does not differ from
the mean counts in the whole investigation.

The number of Staph. aureus in the air was generally low, being between 0-04
and 0-05 c.f.u./m2/min. There was at least one broadcasting period with Staph.
aureus of phage type 42D. During this period, which lasted for 10 weeks, this strain
was isolated in the air during 85 operations. The highest number of Staph. aureus
found in the air during this period was 0-97 c.f.u./m2/min. Two infections were
caused by Staph. aureus of this type. In general, however, the count of Staph.
aureus c.f.u./m2/min could not be correlated to an increased risk of infection.

Incidence of wound infection in various operations

The number of patients in the prospective study was 2983. In more than three-
quarters of the patients with an infection this appeared within 8 days of the
operation. In 12 patients where the infection occurred after more than 3 weeks
the records were excluded from the study. Of those remaining, 268, i.e. 9-0%, had
a post-operative wound infection during their stay in hospital. In Table 3 the
infection rates in the different wound classes are shown.

In 'clean' operations the infection rate was 5-3%. In certain clean operations
it was, however, much lower, for instance in 200 operations on the thyroid or the
parathyroid no infection occurred. In operations for inguinal hernia the infection
rate was 1-5%.

In 'clean contaminated' operations it was 22-5%. The infection rate varied
within the group and was for instance 16-7% in operations on the kidney and
ureter, and 22 % in gastric surgery.

As can be expected the infection rate was high in contaminated and dirty
operations being 33-6% and 47-6%, respectively. These operations were mainly
on the colon and rectum.

Clinically, 35 % of the infections could be classified as moderate or severe with
tissue necrosis and/or abscesses in addition to pus formation.

Host factors

The influence of adverse host factors on the infection rate can be seen in Table 3.
When studying patient groups with these risk factors, i.e. pre-operative infection,
pre-operative antibiotic treatment, predisposing factors and post-operative treat-
ment (as listed in the Appendix), it can be seen that the infection rate after clean
operations is between 2 and 3 times higher in patients with one or several risk
factors.

There was a highly significant correlation (P < 0-001) between the presence
of pre-operative antibiotic treatment, predisposing factors and post-operative
treatment (as listed in the Appendix), and post-operative wound infection. It was,
however, not possible to analyse the correlation between infection and individual
risk factors, since many risk factors occurred together and were also commoner in
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Table 3. Frequency of wound infections in different wound classes

Wound class T
Clean

Clean-
contaminated

Contaminated
Infected or dirty

Total

otal no.
2478

320

131
42

2971

Infected
A

No.
132

72

44
20

268

/o

5-3

22-5

33-6
47-6

9 0

Ris

No.
987

239

121
31

1378

Clean wounds ;
. 2491/5-7

/

ik patients
A

No. inf. % inf.
81 8-2

64 26-8

43 35-5
19 61-3

207 15-0

No.
1491

81

10
11

1593

No intensive care
/ 2388/5-1

/

\
^ Intensive care

103/20-4

No risk

No. inf.
51

8

1
1

61

% i n
3-4

9-9

100
91

3-8

2983/9-3

. No intensive care
386/21-8

Other wounds •
492/27-4

' Intensive care
106/48-1

Fig. 1. Automatic interaction detector analysis of factors affecting the occurrence of
post-operative wound infections. The factors taken into account were patient age,
wound class, predisposing factors (as listed in the appendix), preoperative infection,
preoperative antibiotic treatment, intensive care and presence of drain. The diagram
shows number of patients and frequency of postoperative wound infections in all
prospective patients.

contaminated surgery. Also, for central venous catheter treatment it was obvious
that this was more often a consequence than a cause of infection.

By the use of the AID (Automatic Interaction Detector) analysis as shown in
Fig. 1 it was found that the wound class was the most important determining
factor and that intensive care treatment came next in importance. No reason for
the increase in infection rates in patients treated in the intensive care unit could
be found when the records for the infected patients were analysed. When the
analysis continued, various predisposing patient factors alone or in combination
were found to influence the infection rate, but in the eight alternatives chosen for
the analysis all were found both as positive and negative predictors in the groups
studied.
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Table 4. Average length of post-operative stay and mean age for infected and
non-infected patients after some common operations

Post-operative stay
(days) Mean age (years)

Type of operation

Inguinal hernia
Breast
Cholecystectomies
Colonic
Rectal

t

Infected

8-3
20-3
14-4
28-9
31-6

•t

Non-
infected

3-9
6-3
7-2

10-5
12-0

Infected

64
81
63
48
64

Non-
infected

59
63
52
49
58

Table 5. Organisms identified in wound infections*
Wound class

Number ol
infections

No specimens
No growth
/?-haemolytic
streptococci

Enterococci
Staph. aureus
Staph. albus-f
Anaerobes
Gram neg. bacilli
Othersf
Mixed
Fungi

t

Clean

132
34
8
4(2)

4(2)
44 (39)
(15)
8(6)
22 (15)
(3)
8
0

Clean con-
taminated

72
15
1
2(1)

5(3)
16(8)
(5)
7(2)
34 (17)
(3)
17
3

Con-
taminated

44
12
1
2(1)

3
9(5)
0
5(3)
21 (13)
0
9
0

. *
Infectedor dirty

20
7
1
0

0
7(5)
0
0
7(4)
0
3
1

Total

268
68
11
8(4)

12(5)
76 (57)
(20)
20 (11)
84 (49)
(6)
37

4

* The number of cases where no other organisms were isolated are shown in parentheses,
t For Staph. albus and other organisms only pure cultures have been noted.

Age

Age is known to influence the infection rate. This can be seen for some common
operations in Table 4, where the post-operative hospitalization time is also
included. For some operations such as those on the breast the age is much higher
in infected patients than in non-infected. In others, such as operations on the colon,
the difference in age is small.

Wound cultures

In 200 of the 268 post-operative wound infections cultures were done. In 11 of
these (mostly from clean operations) no bacteria could be isolated. In 152 infections
only one organism was isolated, the others were mixed infections with two or more
micro-organisms. In Table 5 the bacteriological findings in the different wound
classes can be seen.

As could be expected normal intestinal bacteria were common in clean con-
4 HYG 83
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Table 6. Incidence of post-operative wound infection in Staph. aureus carriers

Staph. aureus Non-aureus
infections infections

No. of No. , —-A— , , •—•* ,
patients infected No. % No. %

Non-carriers 1797 139 23 1-3 116 6-5
Carriers 1174 129 53 4-5 78 6-6
Skin carriers 198 32 15 7-6 17 8-6

taminated and contaminated operations. It is in these wound classes that one finds
operations on the colon, rectum, stomach and gall-bladder. Gram-negative bacilli
were isolated from 84 patients and in 49 it was the only infecting organism.

Beta-haemolytic streptococci (A, B, C or G) were not very common but were
found in 8 cases.

Anaerobic bacteria were only isolated in 20 cases. The explanation for this
rather low frequency is probably that modern anaerobic isolation techniques were
not used throughout the whole investigation.

Staph. aureus was common. It was isolated in 76 cases and in 57 of these it was
the only pathogenic microorganism found. It was much commoner in clean
operations than in the other wound classes. It could be found after several types
of operations but was commonest after operations on the kidney and ureters where
it caused about half the infections.

Micro-organisms of doubtful pathogenic importance such as Staph. albus and
alpha-streptococci were the only micro-organisms found in 26 cases.

Staph. aureus epidemiology

The correlation between carrier state and wound infection can be seen in Table 6.
Post-operative infections caused by Staph. aureus are significantly commoner

among patients who were carriers and the risk of infection is increased if Staph.
aureus can also be isolated from the skin.

As described earlier, Staph. aureus was found in 76 cases. In 57 of these Staph.
aureus was the only pathogen found in the wound culture. The others were mixed
infections, mostly with enteric bacteria. Thirty-two Staph. aureus infections were
considered endogenous, i.e. the patient was a carrier of the strain found in the
wound. The remaining 44 infections were exogenous and in 23 cases the infecting
strain was present during operation. In 18 cases it was found in the nose/throat of
staff members and in 5 of these also in the air. In a further 5 cases it could only be
found in the air.

The frequency of infections possibly acquired during operations was thus 30 %
but only in 13 % could it be proved that the transmission route might have been
airborne.

Phage typing showed that 21 % of the strains were non-typable. Strains of
group I were commonest, specially among exogenous infections with a known
source where they constituted 57 % of strains isolated. Strains in group III were
also common.
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30 -

•B 20 -

10 -

-

1 1 1 1 1

-

1 1 1 1

[-1

—

200 400 600 800 1000 1400 1800 2200 2600 No. of
1200 1600 2000 2400 2800 patients

30 30 40 40 50 50 60 60 70 70 80 8090 90 Age (years)

Fig. 2. Influence of infection and age on post-operative hospitalization.
Left hand columns non-infected, right hand infected patients.

Incidence of infections in different operating theatres
A comparison was made between operations performed in operating theatres

with conventional ventilation and theatres with zonal ventilation. Of 877 clean
operations from orthopaedic surgery 520 were performed in theatres with con-
ventional ventilation and 357 in theatres with zonal ventilation. The infection rates
were 6- 7 % and 10-1%, respectively, but the difference is not statistically significant.
No difference in patient age or in incidence of adverse factors among the patients
could be found between patients operated on in theatres with conventional and
zonal ventilation.

Consequences of infection

A post-operative wound infection usually leads to an increase in the stay in
hospital. In this study the mean post-operative stay in hospital was 9-4 days for
patients without infections and 24-4 days for patients with a post-operative wound
infection - an increase of 15 days. In more serious infections the mean increase in
stay was > 20 days. As shown earlier the infected patients are usually older than
non-infected and it was suspected that the increase in time in hospital could partly
be due to the increase that occurs with age. When the material was analysed as
shown in Fig. 2, it was found that although the hospital stay increased with age
the additional increase of stay in infected patients was remarkably constant in all
age groups.

The increase in stay in hospital caused by post-operative wound infec-
tions amounted to ~ 4000 days in the prospective study. In the retrospective
study ~ 600 patients with post-operative wound infections had an average
increase in stay of approx. 14 days - a total of ~ 8400 days. In the two series
wound infection thus led to a total increase of ~ 12400 days during the 3 years
studied. If a correction is made for breaks in the study due to holidays, etc., it may
be safely stated that, on an average, 12 beds, or 5-5 % of the total, were consistently
occupied with patients whose infections forced them to stay longer in hospital.

4-2
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DISCUSSION

In this final paper the clinical, bacteriological and epidemiological results from
an investigation in a modern operating suite based on a zoning system with
positive pressure ventilation are presented. Staph. aureus was found in the
respiratory tract of between 34 and 47 % of the staff working in the unit; this
figure is a little higher than expected. The carrier state was very stable and the
staff seldom changed the strain they carried.

Among the patients Staph. aureus was isolated from the nose and throat in
33-7 %. A longer pre-operative stay in hospital did not result in a higher carrier
rate, but the new wards had good isolation facilities and ventilation which could
decrease the risk of cross-infection between patients. Staph. aureus was isolated
from the perineum in 9 %, and from only the perineum in 3-2 %. This is of interest
since it is known that those who harbour Staph. aureus in the perineum are often
dispersers and this could increase the risk of self-infection.

It could also be shown that the infection rate was higher among patients carry-
ing Staph. aureus than in non-carriers and that this risk increased if they were
also found on the skin. This is in agreement with what has been shown by us
(Lindbom, Laurell & Grenvik, 1967) and other workers earlier (Miller et al. 1962;
Williams et al. 1962; Calia et al. 1969).

The importance of airborne transmission as a source of infection in operating
theatres is a controversial question, but there is evidence to support the view that
airborne bacteria can cause post-operative wound infections. The mean total
number of bacteria in this study was about 9-15 c.f.u./m2/min corresponding to
30-50 c.f.u./m3, if the sedimentation rate is taken as 0-3 m/min (Noble, Lidwell &
Kingston, 1963), in theatres with conventional ventilation. It varied from day to
day but there were no broadcasting periods. This is in agreement with what was
shown experimentally in an earlier study (Hambraeus et al. 1977) that ventilation
of this capacity usually eliminates broadcasting effects.

In the theatre with zonal ventilation the total number of bacteria in the centre
of the room could be calculated to be 20-25 c.f.u./m3 if a ratio of 0-6 between the
centre and periphery is used (Hambraeus et al., 1977). This means that at least in
this theatre the ventilation fulfilled the requirements for Class I ventilation (0-30
c.f.u./m3) laid down by the American Academy of Orthopedic Surgery and the
National Research Council in 1976 (Beck, 1976).

It was of interest that the air contamination in adjacent rooms such as the
anaesthetic room and exit area was only slightly higher than in the operating room.
Even if doors to the operating theatres are opened frequently this means that the
risk of inflow of bacteria into the operating room is small. This favours the idea
that it is important that the hygienic standard is high not only in the operating
theatres but also in adjacent areas.

The contamination of the air was not higher after contaminated operations such
as those on the colon and rectum. This is in agreement with our earlier findings
that neither surfaces such as floors, walls and lamps nor the air are more
contaminated after contaminated operations than after clean.
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The comparison of infection rates among patients operated on in theatres with
conventional and zonal ventilation showed no significant difference. For the
comparison material from clean orthopaedic operations was chosen where
exogenous infections are more common and air transmission might be important.

The post-operative wound infection rate in this investigation was 9-0 %. This is
higher than in some large American studies (Ad Hoc Committee, National Research
Council, 1964; Altemeir, 1971) but lower than has been reported from Denmark
(Jepsen et al. 1969) and from Norway (Bruun, 1970). It is also higher than reported
in Sweden by Brote (1976), who noted an infection rate of 7-4 %. This is interesting
since his study was done in an old operating suite with insufficient ventilation. For
several reasons comparison of infection rates between different investigations is of
limited value. It is, however, obvious that a zoning system and a positive pressure
ventilation do not in themselves diminish the infection rates.

The infection rate in clean operations was 5-5 %, which is lower than in the other
wound classes. The lowest infection rates in clean operations were found in oper-
ations on the thyroid and parathyroid where no infection occurred and after
hernia repair where the rate was 1*5%. As could be expected the infection rates
were highest in contaminated (33-1 %) and dirty operations (47'6%). The classi-
fication of wounds might differ between different investigations, but the infection
rates found here are about the same as those reported by other workers (Shaw et al.
1973; Brote, 1976).

It is well known that several host factors such as underlying disease, e.g.
malignancy and diabetes, pre-operative treatment with antibiotics, central venous
catheter, etc., may increase the risk for a post-operative wound infection (Lidwell,
1961). It could be shown here that patients with one or several of these adverse
factors had infection rates 2-3 times higher than patients without them. I t could
also be shown that the risk for infections was higher among older patients. In
these respects our findings agree with those of other workers (Ad Hoc Committee,
National Research Council, 1964; Brote, 1976).

An interesting finding was the considerably higher infection frequency in
patients treated in the intensive care unit. Such patients are, of course, often in
a poor condition and hence infection-prone, but an analysis of the records of the
infected patients gave no reason for the increased infection rate. This indicates,
as has also been stated earlier (Lindbom et al 1967) that the intensive care unit
must be regarded as highly suspect as a source for post-operative infections and
that further study should be devoted to this special problem area.

With the help of an infection-control nurse all wound infections were registered
for later computer analysis. As far as possible bacteriological cultures were done
from infected wounds. In spite of the efforts of a full-time nurse no samples were
taken from 25 % of the infected wounds. This seems to be common in investi-
gations of this type. The disadvantage is that if surveys of hospital infection are
based only on bacteriologically examined wounds the infection rates will be too low.

In a certain number of wounds no bacteria could be found in the discharge. This
has also been reported in other investigations (Ad Hoc Committee, National
Research Council, 1964; Brote, 1976) and does not seem to be uncommon. The
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reason for this is unclear but in this investigation an inefficient anaerobic technique
may explain some of it.

The bacteria that were isolated were the same as those generally found in wound
infections after general surgery of this type. Gram-negative bacilli were commonest
and were found in 84 patients, alone or in combination with others. They were
mainly found after clean-contaminated and contaminated operations on the bowel.

Infections caused by Staph. aureuswere surprisingly common. They were isolated
in 76 cases and in 57 of these they were found alone. They were commoner after
clean operations than the other wound classes. Several workers (Finland, Marget
& Bartman, 1971) think that infections caused by gram-negative bacilli are com-
moner now. In this investigation staphylococcal infections were about as common
as those caused by gram-negative bacilli.

Forty-four staphylococcal infections were exogenous and in 23 it could be shown
that the infection was probably acquired during operation. In ten cases the staphy-
lococci that caused the infection could be found in the air during operation and
the transmission route could have been airborne. In general, however, the air
counts of Staph. aureus were low and varied between 0-02 and 0-06 c.f.u./m2/min
corresponding to 0-07 and 0-20 c.f.u./m3. A comparison was made between different
types of operations and there was no difference in Staph. aureus air counts whether
post-operative wound infections occurred or not and it was not higher even if the
infection was caused by Staph. aureus. Obviously the number of staphylococcal
infections where the transmission route could have been airborne was not high
compared with the total number of infections but for example in orthopaedic
surgery they might be of vital importance.

The infections increased the post-operative stay in hospital, which might be
about 15 days longer than that for non-infected patients. This is more than reported
by Brote (1976), who had an increase of 9 days in infected patients. This may be
due to differences in the patient's disease, to the type of surgery performed and
to many other circumstances. It is of interest that the increase in hospitalization
time was not longer for older patients than for young ones. This favours the idea
that the longer stay in hospital in infected patients is mainly due to the infection
and not to adverse host factors.

If the 600 or so patients from the retrospective study are included, the increase
in hospitalization because of infection was about 12400 days or, to demonstrate it
in another way, 12 beds in the surgical wards were permanently unavailable since
they were occupied by patients with post-operative wound infections needing
prolonged treatment.

It seems obvious that an efficient ventilation in operating rooms will reduce the
number of bacteria in the air and hence the number of post-operative infections
caused by such bacteria. It seems equally obvious that the law of diminishing
return will make it very expensive and complicated to eliminate all airborne
infections by means of ventilation, and also that those in modern operating rooms
are only a minority of the infections occurring after general surgery, where most
infections are of endogenous origin.

https://doi.org/10.1017/S002217240002581X Published online by Cambridge University Press

https://doi.org/10.1017/S002217240002581X


Wound infections after surgery 55

REFERENCES

ABEL, E. & ALLANDER, C. (1966). Undersokning av nytt inblasningssystem for rena rum.
VVS, no. 8.

AD HOC COMMITTEE, NATIONAL RESEARCH COTJNCIL (1964). Postoperative wound infection.
Annals of Surgery 160, Suppl. 2.

ALTEMEIB, W. A. (1971). Current Infection Problems in Surgery. Proceedings of the Inter-
national Conference on Nosocomial Infections. Baltimore, Waverly Press.

Anaerobe Laboratory Manual (1973). Virginia Polytechnic Institute, Anaerobe Laboratory,
Blacksbury, Virginia, U.S.A.

AYLIFFE, G. A. J. & COLLINS, B. J. (1967). Wound infections from a disperser of an unusual
strain of Staphylococcus aureus. Journal of Clinical Pathology 20, 195.

AYLIFFE, G. A. J., BBIGHTWELL, K. M., COLLINS, B. J., LOWBUBY, E. J. L., GOONATILAKE,
P. C. L. & ETHEBIDOE, R. A. (1977). Surveys of hospital infection in the Birmingham
region. I. Effect of age, sex, length of stay and antibiotic use on nasal carriage of tetra-
cycline-resistant Staphylococcus aureus and on post-operative wound infection. Jovrnal of
Hygiene 79, 299.

BECK, W. C. (1976). The defining of biologic clean air and its clinical significance. In Proceed-
ings of Workshop on Clean Air in Operating Booms, p. 45. Sponsored jointly by the American
Academy of Orthopedic Surgery and the National Research Council.

BENGTSSON, S., BEBGQVIST, F.-O. & SCHNEIDER, W. (1975). A data system for bacteriological
routine and research. Symposium on Rapid Methods and Automation in Microbiology, vol. 2
(ed. C.-G. Heden), p. 291. New York: Wiley.

BERGQVIST, F. & BENGTSSON, S. (1978). OP 72 - data technical aspects. Lecture notes in
medical information 1, 443.

BLAIR, J. E. & WILLIAMS, R. E. O. (1961). Phage typing of staphylococci. Bulletin of the World
Health Organization 24, 771.

BLOWERS, R., MASON, G. H., WALLACE, K. R. & WALTON, M. (1955). Control of wound
infection in a thoracic surgery unit. Lancet ii, 786.

BOURDILLON, R. B. & COLBBROOK, L. (1946). Air hygiene in dressing rooms for burns or major
wounds. Lancet i, 601.

BRUUN, J. N. (1970). Postoperative wound infection. Acta medica scandinavica, Suppl. 514.
BROTE, L. (1976). Postoperative wound infections in general surgery. Linkoping University

Medical Dissertations, no. 33.
CALIA, F., WOLINSKY, E., MORTIMER, E. A., ABBAMS, J. & RAMMELKAMP, C. H. (1969).

Importance of the carrier state as a source of Staphylococcus aureus in wound sepsis.
Journal of Hygiene 67, 49.

CHABNXEY, J. (1964). A clean air operating enclosure. British Journal of Surgery 51, 202.
CHABNLEY, J. (1972). Postoperative infection after total hip replacement with special

reference to air contamination in the operating room. Clinical Orthopaedics 87, 167.
CHABNLEY, J. & EFTEKHAB, N. S. (1969). Postoperative infection in total prosthetic replace-

ment arthroplasty of the hip joint, with special reference to the bacterial content of the air
of the operating room. British Journal of Surgery 56, 641.

CLARK, R. E., AMOS, W. C, HIGGINS, V., BEMBERG, K. F. & WELDON, C. S. (1976). Infection
control in cardiac surgery. Surgery 79, 89.

FINLAND, M., MARGET, W. & BABTMAN, K. (1971). Bacterial infections. Changes in their
causative agents trends and possible basis. Bayer Symposium III. New York: Springer
Verlag.

HAMBRAETJS, A., BENGTSSON, S. & LAURELL, G. (1977). Bacterial contamination in a modern
operating suite. 1. Effect of ventilation on airborne bacteria and transfer of airborne
particles. Journal of Hygiene 79, 121.

HAMBRAEUS, A., BENGTSSON, S. & LATJRELL, G. (1978a). Bacterial contamination in a modern
operating suite. 2. Effect of a zoning system on contamination of floors and other surfaces.
Journal of Hygiene 80, 57.

HAMBRAEUS, A., BENGTSSON, S. & LAURELL, G. (19786). Bacterial contamination in a modern
operating suite. 3. Importance of floor contamination as a source of airborne bacteria.
Journal of Hygiene 80, 169.

https://doi.org/10.1017/S002217240002581X Published online by Cambridge University Press

https://doi.org/10.1017/S002217240002581X


56 S. BENGTSSON, ANNA HAMBRAEUS AND G. LATJRELL

HAMBEAEUS, A., BENGTSSON, S. & LATJKELL, G. (1978C). Bacterial contamination in a modern
operating suite. 4. Bacterial contamination of clothes worn in the suite. Journal of Hygiene
80, 175.

HART, D. (1938). Pathogenic bacteria in the air of operating rooms. Their widespread dis-
tribution and methods of control. Archives of Surgery 37, 521.

JEPSBN, O. B., OLESEN-LARSEN, S. & THOMSEN, F. W. (1969). Postoperative wound sepsis
in general surgery. I. Materials, methods and frequency. Ada chirurgica scandinavica,
Suppl. 396.

LAUFMAN, H. (1973). Current status of special air-handling systems in operating rooms.
Medical Instrumentation 7, 7.

LAUFMAN, H. (1976). Is laminar airflow necessary for prophylaxis against wound infection?
Medical Instrumentation 10, 269.

LIDWELL, O. M. (1961). Sepsis in surgical wounds. Multiple regression analysis applied to
records of postoperative hospital sepsis. Journal of Hygiene 59, 259.

LIDWBLL, O. M. (1976). Clean air, less infection. Hospital Engineering 30 (Oct.), 9.
LINDBOM, G., LAUBELL, G. & GKENVXK, A. (1967). Studies on the epidemiology of staphylo-

coccal infections. 3. Influence of factors inherent in the patient and his wound. Ada
pathologica et microbiologica scandinavica 69, 219.

MCLAUCHLAN, J., LOGIE, J. L. C, SMYXJE, H. G. & SMITH, G. (1976). The role of clean air in
wound infection acquired during operation. Surgery, Oynecology and Obstetrics 143, 6.

MILLER, D. L., MCDONALD, J. C, JEVONS, M. P. & WILLIAMS, R. E. O. (1962). Staphylococcal
disease and nasal carriage in the Royal Air Force. Journal of Hygiene 60, 451.

NELSON, C. L. (1975). Clean air systems. Contemporary Surgery 6, 44.
NELSON, J. P. (1976). Five years experience with operating room, clean rooms and personnel

systems. Medical Instrumentation 10, 277.
NOBLE, W. C, LIDWBLL, O. M. & KINGSTON, D. (1963). The size distribution of airborne

particles carrying micro-organisms. Journal of Hygiene 61, 385.
OPERATING-THEATRE HYGIENE SUBCOMMITTEE OF THE COMMITTEE ON CONTEOL OF CROSS-

INFECTION (1962). Design and ventilation of operating-room suites for control of infection
and for comfort. A report to the Medical Research Council. Lancet ii, 945.

OSIRIS USER'S MANUAL (1973). The Institute for Social Research, University of Michigan.
PAYNE, R. W. (1967). Severe outbreak of surgical sepsis due to Staphylococcus aureus of

unusual type and origin. British Medical Journal iv, 17.
SEROPION, R. & REYNOLDS, B. M. (1969). The importance of airborne contamination as

a factor in postoperative wound infection. Archives of Surgery 98, 654.
SHAW, D., DOIG, C. M. & DOUGLAS, D. (1973). Is airborne infection in operating theatres an

important cause of wound infection in general surgery? Lancet i, 17.
WELLS, W. F. (1955). Airborne Contagion and Air Hygiene. Cambridge. Harvard University

Press.
WILLIAMS, R. E. O., NOBLE, W. C, JEVONS, M. P., LIDWELL, O. M., SHOOTER, R. H., WHITE,

R. G., THOM, B. T. & TAYLOR, G. K. (1962). Isolation for the control of staphylococcal
infection in surgical wards. British Medical Journal ii, 275.

https://doi.org/10.1017/S002217240002581X Published online by Cambridge University Press

https://doi.org/10.1017/S002217240002581X


Wound infections after surgery 57

APPENDIX: LAY-OUT OF PATIENT FORM

Name: Code number:
Birth data:
Ward: Admission date:
Pre-operative infection, type: Interval infection-operation:
Pre-operative antibiotic treatment with: for

Predisposing factors:
(1) Diabetes (2) Steroid treatment (3) Malignancy
(4) Immunodeficiency (5) Obesity (6) Circulatory disturbance
(7) Pulmonary insufficiency (8) Other
Date of operation: Theatre no.: No. on list:
Type of operation: Type of anaesthesia: Type of drain:

Post-operative treatment:
(1) Intensive care for (2) Tracheostoma for
(3) Central venous catheter (4) Urinary catheter for

for
Post-operative antibiotic treatment with for
Post-operative infection type appeared after days
Fever: Fatal outcome:
Date of discharge:
Infection caused an increase in stay of c. days.

[In addition a second form was filled out during the operation with the patient's identity
and the names of the staff taking part in the operation.]
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