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THE SURGICAL TREATMENT OF WOUNDS ON 
A BACTERIOLOGICAL BASIS. 

By CAPTAIN J. O. HAMILTON. 

Royal Army Medical Corp8. 

THE bacteriological aspect of this war is one of great importance 
and interest. Many of our lllost eminent bacteriologists are studying 
daily the bacteriology of the wounds under treatment in our hospitals. 
Many reports have been given and are being prepared, and my 
apology for bringing before your notice this report is, that by 
considering all results some definite conclusion will be arrived at. 
During the last five months I have been stationed at base 
hospitals in France, and have had an opportunity of treating and 
investigating the bacterial infection of wounds admitted either 
directly from the firing line or from our advanced clearing hospitals. 
The wounds received by us have practically all been infected 
or septic, and I think all should be regarded as such. The average 
number of days from the date of the wound being received until 
it was examined at the base was three days. The number of cases 
examined bacteriologically was forty-five. 

The type of wound selected for examination varied, e.g., super
ficial- compound fractures of femur and humerus - and deep 
penetrating flesh wounds. The wounds usually showed an oodema 
extending some distance from their edges, and in the more severe 
cases this extended to a very considerable· distance above and 
below the wound. 

The bacterial infection of the wounds investigated was invariably 
a multiple one. The more severe the infection and general tox!llmia, 
the larger the number of organisms isolated. The bacteria fall into 
two groups :-

(1) Those generally pathogenic for man, e.g., pyogenic cocci 
and Bacillus coli. 

(2) Those only very exceptionally pathogenic, e.g., B. aerogenes 
capsulatus and B. proteus. 

On the average three organisms have been isolated from the 
forty-five cases investigated. In severe cases, seen early, as many 
as five have been isolated. This has been observed to occur 
in cases in which treatment has been delayed or inadequate and 
in those giving the clinical picture of gas gangrene. 
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326 The Surgical 'Preatment of Wounds 

The commonel;lt infecting organism is the B. aiirogenes capsulatus. 
It was found in thirty-one of the cases out of the forty-five. The 
readiness with which it grows varies directly with the amount 
of necrotic tissue in the lesion. It is thus easily cultivated from 
untreated wounds or in those which have not been dressed early 
or frequently. In cases which could be freely exposed to the air 
B. aiirogenes capsula.tus soon disappeared. 

Staphylococci were found as frequently as B. aiil'ogenes capsulatus, 
the white staphylococcus being by far the commoner variety. 
It was found thirty times in the forty-five cases, the type being 
that generally known as Staphylococcus pyogenes albus. It is 
a rapid gelatine liquefier and sugar ferment er. It persists in 
wounds for a considerable time and is often found in pus of chronic 
suppuration after' gunshot wounds, it being the only organism 
capable of cultivation in some cases. The S. epidermidis was also 
frequently identified, but I have classified both in the table under 
the heading of " albus." 

S. pyogenes aureus was found fifteen times in the forty-five cases 
and conforms in type and reactions to the usual variety. Cases 
infected by this organism were always severe. In this connection 
it is of importance to note that in many of the cases in which this 
organism was found, acute inflammation of the bone developed, 
tending to spread rapidly, amputation having to be performed. 

Streptococci appear as two separate types-an aerobic and 
an anaerobic; the majority are of the latter type and seem to 
flourish in the conditions favoured by the. B. aerogenes capsulatus. 
In some cases the infection narrows itself down to a purely 
streptococcal one, and may then become a chronic discharging 
wound. 

Many cases on culture, or even in films of fresh pus, proved 
to be infected by a Gram-negative bacillus. Twenty-four cases 
showed an infection of .this type. The organism varied consider
ably: whereas in ten the growth and reactions were typical 
of B. coli communis,.in fourteen the growth was very abundant, 
and so-called" amooboid," spreading rapidly over the surface of the 
medium and overgrowing every other organism. Sir Almroth 
Wright gave me the clue that I was dealing with a bacillus of the 
p1'Oteus group, and this has proved correct. Oonsidering the 
habitat of B. p1'Oteus in soil, its occurrence in these cases is of great 
interest, but in only one case, a bullet wound of the vertebral 
column causing further paralegia and death from meningitis, could 
it be accused of being the causative organism. 
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Case 

J. O. Hamilton 

Streptococcus 
Staphylo- Staphylo- Bacillus 

coccus coccus [------,-----1 aerogenes 
albus aureus capsulatus 

aerobic anaerobic 

1 + + + 

Bacillus 
coli 

2 + + + 
3 + + + + 
4 + + + + + 
5 + + + 
6 + 
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Bacillus 
proteus 

7 + + + + 
8 + + + 
9 + + 

10 + + + + 
11 + + + 
U + + 
W + + 
14 + + + + 
15 + + 
16 + + + 
TI + + + 
18 + + + + 
19 + 
20 + + + 
21 + + 
~ + 
~ + + 
24 + + + 
H + + 
26 + + 
27 + + + + 
28 + + + 
W + + 
30 + + 
31 + + + 
~ + + + 
:33 + + + + 
34 + + 
35 + + + 
36 + + + + 
M + + 
38 + + + 
39 + + + + 
40 + + + + + 
41 + 
42 + + 
43 + + + 
44 + I + + 

case~~:-~~-l~~ --~-- --~-- --~--·--i---:--
24 
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328 The Surgical Treatment of Wounds 

Another organism identified was a diphtheroid bacillus, which 
often occurred in large numbers but quickly disappeared from the 
infection. B. tetanus was only once identified, the patient succumb
ing to the infection. B. pyogenes was also twice identified and 
cultivated in pure growth. From the majority of wounds also, all 
forms of pathogenic fungi, phycomycetes and mycomycetes were 
identified, and it was noticed that those wounds which gave the most 
luxuriant growth of these were fungi by far .the most foul in odour. 

The treatment of gunshot wounds, which may be regarded as 
being all septic, must be considered from a bacteriological aspect 
to get the best results. On examining the table of bacteria 
identified in the wounds, one is at once struck by the constant 
occurrence of certain bacteria, and of being able to divide them into 
two large groups of aerobic and anaerobic bacteria. 

The bacteria which belong to the aerobic group, e.g., pyogenic 
cocci and B. coli, are the cause of the majority of septic wounds 
which one has to deal with in civil practice, but those which fall 
illto the anaerobic group are seldom met with. This group includes 
the organisms of tetanus and those which produce th'e severe 
condition of gas gangrene. 

There are numerous gas-producing organisms, but the one most 
frequently found has been B. aerogenes capsulatus of Welch, or 
B. perfringens, as it is named in France. B. mdematis maligni is 
also another allied species. This organism is a spore-bearer, but 
it is known that other anaerobic bacteria, such as the B. aerogenes 
capsulatus, which do not usually form spores, may do so under 
conditions unfavourable to them in their bacillary form. 

These organisms in their spore or bacillary form are found in 
soils and dust, especially if these have been contaminated with 
the excreta of herbivorous animals. It is thus easily conceived how 
the wounds which have been received after a prolonged trench 
warfare are contaminated with these anaerobic organisms. The 
skin and clothes become contaminated with all sorts of pathogenic 
organisms or their spores, the foreign body carrying them to the 
farthest point of the wound. 

Another way in which a wound may become infected is by the 
the bursting of a percussion shell in the ground, the small pieces 
carrying the earth with contained organisms into a wound, which 
they may inflict. To have, then, infection of a wound contaminated 
with soil containing anaerobic bacilli or their spores there must be 
conditions favourable for anaerobic growth. 

In considering the class of wound one has to deal with, one 
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J. O. Ham,ilton 329 

cannot fail to recognize that the above condition is present in a 
very short time after the wound is received, if not at once. 

Generally, the wounds are of the class known as "lacerated," 
indicating a tearing of the tissues. On examining the wounds after 
free incision, one is often surprised at the amount of damage to 
the tissues that has been inflicted by a comparatively small foreign 
body. Many small pockets are found which pierce far into the 
surrounding muscular and other tissues. Soon the mouths of these 
pockets are closed by coagulation of blood and serum, forming an 
ideal habitat for the anaerobic spore settling there. The spore 
having been established in an anaerobic condition, develops into its 
bacillary form. Toxins are soon formed which have a rapid 
necrosing action, and so a further advance of the anaerobic 
conditions. The bacilli then advan0e into the necrosed and 
anaerobic tissue, fresh tissues surrounding are successively necrosed 
by the formed toxins, and so a steady advance of the infection 
proceeds. It has not been definitely decided whether the advancing 
necrosis is due to the action of the toxins formed by the bacilli or 
to the action of the by-products formed in the process of the 
previous tissue necrosis. Sulphuretted hydrogen is one of the 
gases formed as a by-product, which has a specific action on the 
red blood corpuscles by combining with the iron of the hremoglobin. 

The common aerobic bacteria will also be present, but the 
danger from them is of much less moment than the anaerobes. 
The lacerated condition of the wound also favours their growth, as 
the tissues are in a state of depressed vitality. 

Many of the aerobic organisms of suppuration have a wide 
distribution in nature, many are present in the skin and mucous 
membranes of healthy individuals, whilst the B. coli communis is 
a normal habitant of the intestinal tract. It is interesting to note 
that the B. coli communis cultivated from various lesions is more 
virulent than that in the intestine, the growth in the tissues having 
increased its virulence. 

TREATMENT. 

In treating these wounds, the primary object is to get rid of 
these organisms by removing the conditions favourable for their 
growth; and secondly, to counteract the already absorbed toxins. 

(1) Asepsis.-All wounds, although they are infected and septic, 
should be treated aseptically. By that I mean that surgeons, 
sisters, and orderlies should be as particular as if they were 
performing an abdominal operation. All instruments should be 
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330 The Surgical Treatment of Wounds 

sterile and at once sterilized after each case is dressed. No dressing 
should be applied unless sterile. The area round the wound for a 
considerable distance above and below should be well washed with 
spirit soap or ordinary soap and water followed by methylated 
spirit, and then thoroughly painted with tincture of iodine. 

Some surgeons hold the view that much washing and treatment 
of the surrounding area tends to favour the advance of the sepsis, 
but I believe that the thorough disinfection of the skin altogether 
out balances that view. 

(2) Free Incisions.-The sooner and the more freely incisions are 
made, the better is the bacteriological result. 'l'he more severe 
cases are always those which have not a free drainage, either on 
account of the position of the wound or as a result of the opening 
becoming closed by a blood-clot. &c. It has also been noted that 
bad results usually follow where stitches or plugs have been lJsed. 
The introduction of sutures, even in the largest of wounds, should 
be absolutely avoided, the introduction of large drainage-tubes 
being the only treatment admissible. Sir Almroth Wright bas 
previously pointed out the marked bacterial change for the better 
immediately free drainage is established. 

(3) Antiseptics.-Antiseptics, to be effective, must be of the 
most powerful nature. Even then they will only act on the 
superficial bacteria in the wound and prevent the dressings from 
forming a suitable nidus for the growth of bacteria in contact with 
wound. On the other hand,. strong antiseptics, e.g., carbolic, cause 
a coagulation of lymph, leading to the formation of a firm scab, 
thus closing the wound pockets, and so favouring anaerobic 
growth. 

The treatment of wounds by the method of constant irrigation 
I have found to give the best results. The antiseptic solution 
used should be weak, or only saline solution. The continuous 
application of a weak antiseptic washes away the septic material 
as soon as it is formed, and also prevents coagulation. In 
employing constant irrigation, precautions must be taken against 
wetting of the patient by using suitable macintoshes, or tin 
vessels in the case of extremities. The nozzle of the tube 
should lie in the wound and the fluid should not drop from a 
height, as such dropping causes severe pain in a short time. 

(4) Oxygenation.-By oxygenation, I mean the free exposure of 
the wound to oxygen. This can be accomplished by one of the 
following ways:-

(a) The application of peroxide of hydrogen, which gives up 
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J. O. Hamilton 331 

its extra atom of oxygen on coming in contact with oxidizable 
matter. The best method to apply H 20 2 to a superficial wound is 
by some form of spray. '1'he fine vapour more easily gets to the 
recesses of the laceration and there is not so much waste as there 
is by applying it through a syringe or, which is the same thing, 
pouring it on from the bottle. I have used with signal success 
H 20 2 with an equal part of water applied in a continuous 
stream. 

(b) Weak potassium permanganate solution applied by con
tinuous irrigation I have found to give excellent results. Potassium 
permanganate is also an oxidizer. 

(c) Another method is to leave the wound absolutely exposed 
to the air. I have had two excellent results by this method of 
large lacerated wounds of the buttock. 

(5) IodoJorm.-Iodoform I have placed under a separate 
heading, as I have seen it used so seldom, and also because it is not 
considered an antiseptic at all by many. Although it does not 
kill or inhibit the growth of bacteria, it breaks up the products 
of the hacteria, and in so doing is itself decomposed, iodine being 
liberated, and then a certain degree of inhibition of bacterial 
growth occurs from the presence of free iodine. Iodoform, since 
it is not an antiseptic itself, should be sterilized thoroughly before 
being applied in the form of a powder. The sweeter smell of the 
wound is a great comfort to the patient after iodoform is applied, 
and although some object to its smell, they prefer it to the foul 
odour they have been accustomed to for a few days. 

(6) Rest. - Hiton many years ago emphasized the great 
advantage of rest and comfort. In the treatment of wounds which 
are lacerated, immobility does give great relief to the patient and 
also prevents further damage to the tissues and the mechanical 
spread of organisms along tracts. Even in the smallest of wounds, 
if it is impracticable to immobilize with splints, rest in bed is of 
the first importance to their speedy healing and recovery. 

(7) Serum Therapy.-Lastly, in treating septic wounds, the 
use of vaccines is, I consider, of great importance. A mixed 
vaccine of streptococcus with Staphylococcus albus and S. aureus 
and B. coli acts with great benefit in reducing the septicremia 
and remarkably quickly reducing the amount of discharge. 
Autogenous vaccines give a much quicker and better result; but if 
this is impossible, the stock vaccine supplied should, I think, be 
employed in every case. 

Sir Almroth Wright has shown some most interesting and 
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332 The Surgical Treatment of Wounds 

important facts in connection with the action of vaccines on 
emigration. 

Summary.-In summarizing, it is of importance to remember 
the action of the anaerobic organisms, and to act quickly and 
thoroughly surgically where signs of gas gangrene are evident. 
In other words, large incisions, with the use of the sharp spoon, 
which gives extreme help in opening up and exposing the recesses 
not opened by the scalpel. Of all antiseptic treatments, I have 
always had the best results from continuous irrigation with weak 
antiseptics, H 20 2 or normal saline. In referring to normal saline, 
it is of interest to note the increased emigration of polymorpho
muclear leucocytes induced by physiological salt solution, as has 
been reported by Sir Almroth Wright. 
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