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tinue to attend the surgery, and so be included in
Group I, for various reasons: (1) The wound is
septic and obviously needs treatment. (2) The
wound is severe and obviously needs treatment; in
these cases there is probably an increased risk of
sepsis. (3) The patient may continue to attend
for reasons other than those connected with the
wound, e.g. hypochondria, attractive surgery con-
ditions, etc. On the assumption that infection may
be added during treatment, these wounds are
exposed to a prolonged risk of infection. Thus
Group I may include an undue proportion of septic
wounds, leading to an overestimation of the risk of
sepsis, for two reasons: patients may continue to
attend because they are septic or markedly liable to
sepsis, or they may become septic because they
continue to attend the surgery.

TABLE 7

INCIDENCE OF INFECTION IN WOUNDS NOT
INITIALLY CONTAMINATED WITH STAPH.
AUREUS, WHERE THE PATIENT'S SKIN WAS
ALSO FREE FROM THE ORGANISM

No. of cases showing

Per-
infection no infec- Total centage

with tion with infected
Staph. Staph.
aureus aureus

Factory A.. 38 67 105 36-2
Factory B.. 29 14 43 67.4

Total .. 67 81 148 45 2

x2=1080; P=0001.

On the other hand, if the sepsis rate is calculated
from all the patients coming to the surgery, and
therefore admitted to the series (Groups I, II, III
and IV), irrespective of whether they were followed
or not, the value will be too low since some patients
may have developed sepsis after defaulting. It is
probable, however, that this error is smaller than
the error of overestimation because we may reason-
ably expect that a number of the patients who
develop sepsis after default will return to the surgery.
In Table 6 we have, therefore, calculated the sepsis
and infection rates for Group I, Groups 1+11,
Groups 1+11+111 and Groups I+II+III+IV.
The true sepsis rate, expressing the average risk of
sepsis to a fresh wound attending the surgery, must
lie somewhere between the limits of 12-5 and 4-2 per
cent. at A, and between 14-6 and 6-9 per cent. at B.
Similarly the true infection rate lay somewhere
between 44*3 and 30-2 per cent. at A and between
75-0 and 46-0 per cent. at B.
Nature of the Infection. In the two factories, con-

sidering only the Group I cases, there were 18 wounds
that showed sepsis. Ten were infected with Staph.
aureus alone, two with Staph. aureus and Str. pyogenes
together, and one with Staph. aureus and coliform
organisms. From the remaining 5 cases none of these

three organisms was isolated, most of them yielding
micrococci only. We do not know whether the micro-
cocci were acting as pathogens for these wounds;
whether we failed to culture pyogenic cocci that were in
fact present, because of inadequate swabbing; or whether,
perhaps, the pathogens that would have been accessible
to the swab had been killed by the tissue defences. (See
Williams and Miles for further discussion of this point.)
The bacteriological findings in the 17 inflamed wounds

were similar: Staph. aureus was isolated alone from 7;
Str. pyogenes alone from one; coliform organisms alone
from 2; and Staph. aureus and coliform organisms
together from 4. Three wounds yielded non-pathogens
only.
From 34 of the 101 clinically healthy wounds we

isolated Staph. aureus alone; Staph. aureus and Str.
pyogenes were isolated together from 2; Staph. aureus
and coliform organisms from 7; and coliform organisms
alone from 5. The remaining 53 wounds yielded none
of these pathogens.

It is clear that Staph. aureus was the predominant
pathogen for these wounds; it was isolated from 13 of
the 18 septic wounds, from 11 of the 17 inflamed wounds,
and from 43 of the 48 silently infected wounds. On the
other hand, Str. pyogenes was isolated from only 2
septic, 1 inflamed, and 2 silently infected wounds. It
was rare too as an initial contaminant, being present in
only 7 of the 472 wounds swabbed, and was observed
to persist in only one of these.

Coliform organisms were isolated from only one of
the septic wounds, from 6 of the inflamed and from 12
of the silently infected wounds. In a number of cases
a moist and sodden appearance of the wound was
associated with infection by coliform organisms. We
do not know if soddenness in a wound predisposes to
infection by these organisms, or whether the sodden
appearance is due to the infection; the same appearance
was occasionally noticed in wounds infected with Staph.
aureus. The wounds in this survey were too small and
healed too quickly to allow us to determine whether
coliform organisms delayed healing. Nevertheless de-
layed healing was observed in one wound at A per-
sistently infected with an Achromobacter type of bacillus,
and in another persistently infected with unidentified
coliform organisms.

Conditions predisposing to Infection. In addition to
swabbing the skin and wound at the time of first attend-
ance we elicited a history of the accident, including the
type of metal when the wound was inflicted by metal,
and also noted the cleanliness of the patients' skin and
clothing. We have been unable to demonstrate any
association between the onset of infection and any of
these factors; the number of wounds studied, however,
was insufficient to allow us to exclude their influence.

Duration of Treatment. The healing time of the
wounds in Group I, classified according to the
clinical and bacteriological findings, are given in
Table 8. There was a significant difference
between the healing times of the clean and septic
wounds at both factories; taking the results from
both factories together, the clean wounds averaged
5.9 days to healing, the septic 18-2 days (diff.=12-3
days, S.E.d= ±2-1 days; diff./S.E.d=6-0; P
- <0.001).
The mean healing time for the silently infected

wounds was only slightly greater than that for the
clean cases. Thus, taking the results from A and
B together, 53 clean wounds took on an average
59 days to heal, compared with 6-3 days for the
48 silently infected wounds. At A there was a
slight but not significant difference, the silently
infected wounds taking 1-3 days longer to heal
than the clean; at B there was no difference.
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TABLE 8

HEALING TIMES OF THE WOUNDS (GROUP I)

Factory A Factory B A and B together

State of wound

Nca.es H.T. S.D. No of H.T. S.D. No fes H.T. S.D.

Clean, clinically and bacterio-
logically .. .. .. 43 6-0 4-1 10 5-4 4-2 53 5-9 4-1

Silently infected .. 24 7-3 2-5 24 5-3 2-1 48 6-3 2-5
Inflamed .. .. .. 10 11 0 5-0 7 11-2 5-5 17 11.1 4.9
Septic .. .. .. 11 201 86 7 153 85 1 8 18-2 86

-T_1r1A--1s,Q T%1_--W+-- -A A-.,:-: - -it.-i.=nealmg time, aays.

Taking the two factories together, the difference is
not more than a pointer (diff.=0-4 days, S.E.d
= +07 days; diff.IS.E.d =0-6) but it bears out our
findings in a series of somewhat larger wounds
treated at hospital, where 80 bacteriologically and
clinically clean wounds took 15-6 days to heal,
compared with 18-2 days for 58 silently infected
wounds-a significant difference (diff./S.E.d=3 5,
P= <0001).

DISCUSSION
Sepsis is generally admitted to be a numerically

important complication of industrial wounds and
is reported to be one of the chief causes of lost
working time following accidents (M6ck, 1915);
to the patient it may mean prolonged and perhaps
permanent disability. The wounds that we have
surveyed were all small, none requiring hospital
treatment; among them the incidence of sepsis was
at least 5 per cent. This is not a very high pro-
portion, but it has to be considered in relation to
the very great number of minor wounds that occur
in the industrial population. There are no accurate
figures for the actual number of cuts that do occur,
but in Factory A, employing some 6000 workers,
there were 3470 attendances at the surgery with
fresh cuts etc. in the six-month period July-
December, 1943. It is probable that as many more

were treated at the first-aid boxes in the factory,
i.e. in a year each worker suffered between one and
two cuts that needed some sort of treatment. More-
over the sepsis rate that we have recorded is for
small wounds and we may expect a higher sepsis
rate in larger wounds. For example, unpublished
studies at Factory A in the latter half of 1943
showed that of 41 open wounds which at infliction
were serious enough to incapacitate the patient for
more than 3 days, 13 (32 per cent.) became septic
before they healed.

Infection by the two pyogenic cocci is demon-
strably responsible for the majority of cases of
sepsis (Williams and Miles, 1945). Of the wounds
sampled in our preliminary survey 48 per cent. were

infected with pyogenic organisms, though only
about 25 per cent. were clinically septic. The
infection rate increased with the age of the wound
and, furthermore, streptococcal infection, which

N.Lu.=stanuaru Qeviatlon, uays.

was rare in fresh and recent wounds, was present in
54 per cent. of those more than 14 days old. Similar
observations have been made on small wounds
studied in hospital: the initial infection is usually
staphylococcal; streptococci, on the other hand,
commonly flourish only in wounds in which there is
established staphylococcal infection (seealso Williams
and Miles). Our preliminary survey, therefore, sug-
gested that infection was being introduced into the
wounds during their healing. In hospital wards,
opportunities for cross-infection occur with the
greatest frequency during the dressing of the wounds
(Miles et al., 1940; Spooner, 1941; Williams et al.,
1945). During our preliminary survey in factory
surgeries it was clear that numerous opportunities
occurred during dressing for a similar transfer of
organisms from one wound to another. Obvious
instances were the use of fingers for performing
wound dressings and the infrequency or total
absence of hand-washing between cases, with
accompanying contamination of wounds, dressing
material, bowls, instruments, etc. Sterilizers, though
usually available, were seldom used; bowls and
instruments were often inadequately sterilized in
spirit or some other disinfectant.
The association between the methods of wound

dressing and the incidence of cross-infection, which
has been demonstrated in hospital, appears to hold
in the factory surgeries, for the infection rate among
wounds treated with the more aseptic technique
was significantly lower than that where the less
rigorous technique was employed. There was,
however, one external factor that might have
accounted for the difference, namely, the greater
number of wounds initially contaminated with
Staph. aureus at the factory with the higher infection
rate. But the infection rates in patients who had
neither contaminated wounds nor Staph. aureus on
the skin showed the same significant difference in
the two factories. Thus elimination of the bias
directly attributable to self-infection still leaves a
difference between the infection rates at A and B.
But the initial contamination of the wounds may
also have had an indirect effect on the total infection
rates in the two surgeries since wounds infected as
a result of this contamination are reservoirs for
cross-infection. It is arguable that the pre-
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cautionary measures adopted at A and B were

equally, though not completely, effective and the
difference in total infection rates merely reflected
the bigger risk of infection (concentration of reser-

voirs) at B. The data, however, give an indication
that the risk from the reservoirs that arise as a
result of cross-infection is greater than that from
self-inflicted wounds. At A 11 of the 22 wounds
either initially contaminated or on skin carriers, and
38 of the 105 uncontaminated wounds, became in-
fected; at B, the corresponding figures were 23 of
30 and 29 of 43. If we assume that all the con-
taminated wounds that became infected did so as

a result of self-infection, the cross-infected are 3 5
(38/11) times as numerous as the self-infected at A
and 1-3 (29/23) times as numerous at B. But
contaminated wounds are exposed to a risk of cross-

infection and a number of them may in fact have
been cross-infected. Combining the figures for
both factories we see (Table 7) that the average
infection rate for uncontaminated wounds is 67/148
(45 per cent.). Applying this rate to the 22 con-

taminated wounds at A and to the 30 at B, we should
expect that 10 of them at A and 14 of them at B
were cross-infected. This would leave one wound
at A and 9 at B whose infection was attributable to
the initial contamination. On this basis there were

48 times as many cross-infected as self-infected
wounds at A and 6-2 times as many at B. The true
ratio probably lies somewhere between these figures
and the smaller ratios quoted above, but they are

in any case sufficiently high to suggest that estab-
lished self-infections constitute a numerically smaller
risk than established cross-infections.
None of the other factors that we have studied-

nature of the accident, nature of the material causing
the wound, or cleanliness of the patient's skin or
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clothing-could be shown to be associated with an

increased infection rate, nor were the proportions
of the patients in these various classes notably
different in the two factories. The wounds, too,
were similar in size and site. It is possible that
there were other differences in the methods of
treating the wounds, apart from the aseptic tech-
nique, though none was conspicuous. More
wounds were immobilized at A than at B, but at
neither factory did such wounds form more than a

small proportion of the wounds studied. Again,
the difference may have been attributable to the
different season at which the two factories were

studied: A in the autumn and early winter, B in
the late winter. We have no direct evidence about
the influence of season on infection of these wounds
but the surgery records at A for the past 3 years
show no consistent seasonal change in the ratio of
new attendances of patients with cuts that are
septic when first seen to those with cuts that are

clean when first seen. It seems unlikely, therefore,
that a difference of the observed magnitude is
attributable to seasonal variation.

In summary, taking into account our own and
other workers' experience in studying cross-infection
in hospital, we believe that the difference in aseptic
methods made a substantial contribution to the
observed difference in infection rates.

Manifest sepsis was not a common complication
in either series of wounds; the majority of the
infections were unaccompanied by clinical signs.
These 'silent' infections are, however, important in
three ways: (1) there is some evidence (Table 8
and unpublished work, see Miles, 1944) that the
infection leads to delay in healing; (2) the wounds
so infected constitute a large and unrecognized
source from which pathogens may be transferred to

INFECTED
ii

Summary Diagram.-A comparison of the percentage incidence of infection by pyogenic cocci in wounds seen one or more
times after the initial attendance, in two factories employing different dressing techniques: (i) handling the wounds, and
(ii) using a modified 'no-touch' technique (see page 148).
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other, perhaps more susceptible, wounds; and
(3) silent infections may on occasion become mani-
fest later and the resulting sepsis lead to consider-
able disability. It is impossible to foretell the
consequences of silent infection, either for the
patient or for others, and though it is probable that
in most patients the effect is small, the more serious
consequences can only be guarded against by
methods designed to reduce all added infection,
whether silent or manifest.

In our opinion, the results clearly indicate the
necessity for aseptic methods in handling even the
small wounds that constitute the majority of those
treated in the surgeries of engineering factories. A
set of rules for such an aseptic routine has been
outlined by one of us (Williams, 1944) and the
performance of the routine is often facilitated by
some reorganization of the lay-out of the surgery
(Gissane, Miles, and Williams, 1944). We may
note in this connection that the revision of aseptic
measures that we have advocated has been proved
to be practicable by a number of nurses in charge
of large factory surgeries in Birmingham.

Summary
Of 531 small wounds and septic lesions examined

in the surgeries of 19 different factories, 48 per cent.
were infected with pyogenic cocci. In general, the older
the wounds the higher was the infection rate.
A detailed comparison of 472 wounds treated in

two factories engaged in similar work, but where different
dressing routines were followed, showed that the inci-
dence of infection was less in the surgery where the
wounds were treated with a relatively rigorous no-touch
dressing technique. In the surgery with the higher
infection rate, where the wounds were handled more
freely, the obvious deficiencies in the dressing routine
were of the kind that would facilitate the spread of

pyogenic microbes from one patient to another and it is
highly probable that cross-infection of this kind was
responsible for a substantial part of the difference in
infection rates.
The extra burden of infection associated with the

less rigorous technique is not primarily an indication for
the adoption of a full aseptic routine since, in the small
wounds studied, infection did not notably increase the
average disability to the patient. Nevertheless the high
incidence of infection indicates the existence of a risk
which, in the long run, will manifest itself in occasional
severe infection, particularly of large wounds; a risk
which, in our opinion, can be substantially minimized
by the adoption of a simple but rigorous routine of
dressing.
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