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AND' 
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Royal Army Medical Corp8. 

SOME of the medical problems of the War, though of inuch 
scientific interest, are less urgent than others, and may well await 
the leisured. study which will without doubt be given to them after 

. its conclusion, but others which are more urgent a,ppear to call for 
at least a partial attempt to' reach agreement before thel campaign 
grows older. Prominent among these appears to us the subject of 
the specific treatment of tetanus, upon which' there exist wide 
differences of view, both as to. the usefulness of· antitoxin at all, 
and, admitting its value, as to the system of its employment which 
may be expected to yield the best results. 

Earlier in the War i~formation ~ith regard to tetanus in the 
Army in France was collected by on~ of·· us (W. B. L.), and .. 
summarized in one of the sections of the official" Memorandum on 
T~eatment of Injuries in War," which was p:ublished in July, 1915, . 
and circulated to all me'dical officers.' Further experience of the 
treatment of the disease has acciImulated since then, but, much of 
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296 Tetanus in. the B'ritish Expeditionary Force 

-it relates to 'comparatively small groups of cases ob/served it) a 
single hospital, and cases fortunately have ,on the whole been so few 
that' a number of general hospitals may not have seen one for 
months.' Recently a tetanus committee appointed by the War 
Office, under the, chairmanship of Surgeon Genyral Sir David 
Bruce, has ,collected a large amount of most useful information in 
connexion with' the cases which have been treated in home 
hospitals, and have published their results and recommendations, 
partly in the' form of circular memoranda and partly in an article 
in the Lancet of December 2, 1916, by Sir' David Bruce, We bave 
remodelled some of our tables upon those adopted by Sir David 
Bruce so that they may be read as complementary, one to the 
other, and may in this way serve to bring into greater relief the 
points in which the experiences of home hospitals are in contrast, 

- or in accord~ with those acquired in the Expeditionary Force. ' 
Early last summer it was felt that we had reason to anticipate 

the occurrence of' a certain amount of tetanus among the large 
number of wounded to be expected,during the coming offensive' on 
the Somme: Although since the days of the Battle of the Aisne 
strict orders exist that every wounde~ ,man should receive a 
prophylactic injection of tetanus antitoxin, and it is exceedingly 

"rare that this is for any reason omitted, still it is well recognized 
that this, cannot confer absolute protection. The severe character 
of many of the wounds is only too familiar to us all, and the heavy 
coating of foul mud; with which skin and uniform are almQst 
always plastered, renders it certain that very large doses ,of anaerobic 

'and other bacteria are at ti,mes driven deeply into the devitalized 
tissues. 

Arrangements were therefore organized for - the collection, of 
detailed information in respect of every case of tetanu!,! occurring 
in France, a number of' questions being asked on a form which had 
to be completed and sent to headquarters on the termination or 
final disposal of the case. The information given on the sheets 
was then transferred to cards which facilitated the analysis of the 

. various points under iriquirY. On the whole, the required details 
have been very accurately recorded, but it will be realized that at 
times of heavy pressurei,il field ambulances and casualty Clearing 
fltationsit is often difficult or impossible to obtain and record the 
full details on certain points. These must later ~e ascertained, if 
at all, from a man who may be too ill to cross-examine or who may 
own the notoriously inaccurate memory of at least the old soldier 
for such 'points as dates and h(~urs. ' 
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SirWilliamB. Leishman and. A. B. Smallman. 297 

We have cla~sed the cases sirl1ply into those who died and those 
who,recovered. ·At first we divided them into three.classes: (l)tliose 
whose death was attributed solely to tetanus; (2) those' who»e 
death was in larger part' attribu:table to complications such as' 
severe sepsis, gas-gangrene, secQndary hmmorrhage, etc: ; and (3) the' 
recoveries. It was found, however, that the difficulties of deciding 
in which subdivisiop to place the fatal cases were too great and the 
method too uncertain. A simple distribution in,to the two classes 
has the disadvantage that the total deaths from tetanus inevitably 
include a number of cases in wqich the condition of the wound, the 
exhaustion of the patient, or some complication, were in' themselves 
quite sufficient to account .for death. They also comprise cases in 
which it was definitely stated that ;tll symptoms of tetanus had 
disappeared before death. Such cases, naturally, weigh the 'scales 
against whatever system of treatment. had been employed for the 

. tetanic sympt.oms. On the other hand, however, the symptomB 
recorded in s0111e cases have been -so' slight as to suggest the 
possibility that they. mig)J.t not· have been due to tetanus at all; 
and, if this were so, such cases' would form a' counter~weight to 
those whose death .was not due to tetanus. -

The present analysis is based upon 160 cases which occurred in 
hospitals in Fral1r.e, between July 1 and October 31, 1916. Of these 
cases 118 died and 42 recovered, a: case-mortality of 73;7 per cent. 
This mortality may be contrasted. with that of tlie group of cases, 
already alluded to, examined by one -of us in the spring of 19~5. 
In that series, among 179 cases there were 140 deaths, a case-

. mortality of 78'2 per. cent. This,as far as it goes; does J;lot disclose 
any considerable degree of improvement in thetre~tment employed. 
Both series show a heayier death-rate tbanthat which has been 
recorded for the .cases treated in home hospitals, where during the 
first year, out of 231 cases analysed by Sir David Bruce there was 
a case-mortality of 57'7 per cent,. and, for the, second year, up to 
July 31, 1916, out of 195 cases a lnortality-> of 49'2 per cent. 

\ These four series show a slight improvement in case-mbrtality . 
on each side of the Channel, but also make it clear that cases are 
more fatal in Frallce, ,by about twenty-five per cent. The causes 
for the latter fact are so obvious as to need no labouring., The 

''-most desperate ~ounds, which it would be dangerous to move, and _ ' 
. which' are therefore detained in,clearing stations or base hospitals, 
are just those which are most. likely to develop ,tetanus, and, 
further, the complications of . severe sepsis, gas~gangrene, etc., 
which must be more in evidence closer to the-'line than in home - . , 
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Tetanus ~n the British Expeditio1~ary Force 

hospitals, more frequently play a large part in determining a fatal 
issue ili:cases of tetanus. / 

. INCIDENCE.' . . 

, It is not permissible at the present moment to give a'ny informa-' 
tion upon the actual incidence of the disease among the wounded, 
or to contrast one period of the War with another from that point 
of view, bilt there can be no harm in mentioning an impression,' 
which we have gathered from the figures in question, that the 
highest incidence, will eventually be found to be associated with 
periods during which heavy fighting took place in wet weather . 

. 'fhis, after all, might have been anticipate~, 'as it is obviOus that, 
under,suc-h conditions, the change from dust to mud will me~n a 
heavier bacterial inoculation of the wound. ' 

An analysis 'of the influence of the proph;ylactic.dose ofanti-· 
'toxin upon the general incidence of the disease must; for the same' 
reason, be passed over; but this is, fortunately, a procedure which 
is so fully accepted, not only by ourselves but by our Allies and our 
enemies, that it stands in little need of further statistical support. 
Were it not for the universal acceptance of the protective value of 
this dose, we feel sure that any analysis of the subject would have, 
had to deal not with a few hundred cases but wit? many thousands. 

THE INFLUENCE OF TilE. SEVERITY AND CONDITION OF" 

THE WOUND. 

In connexion with each 'case information was asked for on a 
number of specific points, anCJ among these Iwere queries as to the 
existence of severe sepsis or gas-infection of the tissues. Details 
were also asked as to the nature and severity of the wound i-tself, 
and whether it was single or multiple. TableI shows the frequency 
with which these, factors were, encountered in each group, -i.e., 

, amo:qg 113 fatal cases and 42 recovered cases. (It will be under- ' 
stood that, where the total number of cases shown in any table 
does not reach 160, the required information had not been obtained 
In every case.) . . ' . 

, The table shows, as might be expected, a considerably~igher 
• percentage occurrence of these conditions among the fatal cases. 

The mQst striking con,tra'st is that shown in the much' greater 
frequency of gas-gangrene as ,a complicating factor in the cases 
which terminated fatally, no less than 54 per cent of these cases 
having been noted as suffering from this grave complication. I~s 

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-28-03-01 on 1 M
arch 1917. D

ow
nloaded from

 

http://militaryhealth.bmj.com/


Sir Willia~ B. Leishman and A; B. Smallman 299 

dangerous nature is but t09 well known, and its frequency among" 
, these cases is, to our minds, one~of tlie chief causes of the relatively 
higher death-rate, from tetanus in France, as' compared with' the 
experience at home. I 

TABLE 1. 

, CONIlITION' OF . WOUNDS AS REGARDS SEPSIS, PRESENCE OF GAS GANGRENE, ETC. . .' 

, 
. Stvere sepsis Gas gangrene 

" Extensive or Multiple 
, severe wound wounds 
... 

-'------- ------
I 

Fatal, 113 cases :{ 88 61 98 62 
, (78 per cent) (54 per cent) (87 per cent) (55 per cent) 
------' ------------

Recovered, 42 cases { 24 5 26 / -18 ' 
'(57 per cent) (12 per c~nt) (61 per cent) (43 per cent) 

I 

TABLE lI. 

THE POSITION OF THE WOUNDS, IN REFERENCE TO THE MORTALITY._ 
. 

Body Limbs 

---' -, -----.-----' -'---------
Fatal, 115 cases { 61 54 

(53 per cent) (47 per cent) 
------
Recovered, 42 cases {I 18 24 .. (43 per cent) , (57 per cent) 

Note.-When wounds occurred both on the body and the limbs the ca,se is counted 
only under the heading·H Body.",' . _ ' ' ' 

Another point in connexion with the factors complicating a' 
judgment on the results' of- treatment appears to be the site of 
the wound, independently of the influence of sepsis or gangrene., 
It has'been noted by us that a .fatal issue is more common when 
the body, as distinguished from the 'limbs, has been' wounded. 
T]:lUs,' as will be seen in TableII, out of 115 fatal cases, sixty·one, 
or 53 per cent, were cases in which the wound, or some of the 

, wounds, involved the head or trunk; the balance of fifty-four ,cases, 
or 47 per cent, being wou'nds of a limb or limbs. On the other 

. hand, of forty-two cases which recovered, eighteen, or 43 per cent, 
were wounds of the body, the remaining twenty-four recoveries-
57 per cent of the whole"':'having receivedwounds-oJ the legs or 
arms only. The difference in these figures, though not ,very 
marked, appears suggestive, and the heavier mortality ,of the body 
cases may not improbably be related to the shorter distance which 
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300 > Tetanus m the Br~:tish' Expeditionary Force' 

" the toxin has to travel III order ,to reach the spinal cord and the 
'nervous centres. 

THE INCUBATION PERIOD. 

, The interval which elapsed between the wound and the first 
evidences of tetanus was recorded in 157 cases, and a curve has 
been constructed, similar to that in Sir David Bruce's papers, that 

> the ~xperience in France may· be contrasted with that at home. 
The average incubation period of all the cases was 12'03 days. 
Of thefatal cases, 115 in number, the average period was 10'7 days, 
and of the forty-two recoveries it was 14, days. ,This con'firms 
once again the general experience that the shorter the interval , 
between the wound and the attac,k, the poorer, the chance of the 
patient. At the same time this difference is less marked than might 
have been expected, being only a fraction above three days, and it 
corresponds cl?sely to the figures reported by one of us earlier in 
the War, where the difference was even smaller-2'74 days. Com
paring our curve of the incubation periods with that of the home 
cases,theyappear very'similar, except that the peak of the curve 
in France is reached at an . earlier day than in England, the 8th, as 
contrasted with the 11th. This is only what might have been 
anticipated; as a larger proportion of the early and the acute cases 
fall to us. The shortest incubation period mentioned-two days~ 
occurred in two instances, but in one of these there was an element 
of doubt as to the exact day of wounding. The other was a slight 
case which recovered, the presumed source of infection having been 
a small cut on the index-finger. On the other hand, cases of latent 
or delayed tetanus are natur&>Jly more common in home hospitals-: 
the two in our list with the lo~gest recorded intervals after wound~ng 
being, resp~ctively, fifty-two days and ninety days. Each of these 
was fatal; the latter was presumed to haVE) originated from an 
abrasion of the elbow, arid, in the case of the former, an operation 
had been performed eleven days before the onset of the symptoms 
of tetanus. ' 

, As regards this interesting subject of delayed tetanus, in which 
it is to be presumed that spores remain un destroyed in the tissues' 
till they are in some way stimulated to ge~minatibn, we:4av~ thirteen 
cases in our. series in which the disease did not make its appearance' 
until twenty-oneaaysor more'had elapsed. This may" perhaps, be' 
assumed to be the limit of the normal incubation period, although 
the phr,ase is an awkward one to employjn the case o( abacterial 
disease in which the' germs are introduce'd as, spores which, 
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theoretically,' may lie dormant but living. in the tissues for an 
indefinite time. Of these thirteen cases eight died and five recovered .. 
The figure; are small, but the recovery rate ip. this group compares 
favourably with that of the whole series. The average incubation 
period of the eight fatal cases was 36'3 days, and that of the five 
recovered cases 29'4 days .. 

CURVE OF THE INCUBATION, PERIOD. 

Number of'days af'ter wO(.Jnd . .. 
I 2 3 4 5 6 7 6 '9 10 11 1213 1415 161718 1920 21 22 23 2425 26 31 43 144 52 90 
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INFLUENCE OF OPERATION BEFORE THE ONSET OF TETANUS. 

Table IH shows a list of the thirty-four cases In which operative' 
interference of a grave nature 'had been resorted to prior to the 
development of the first symptoms of tetanus, Of these thirty-foui 
cases twenty-six, or 76'5 per cent died, while eight recoyered, a recovery 

\ rate of 23.5 per cent. In four cases the onset of the tetanus occurred, 
on the day following the operation, and in another four cases on the 
second day after operation. " In three instances the initial prophy

.lactic subcutaneous dose had been repeated, in two of. them 50Q units 
being given a week aft~r' thefirst..;,one. . The third case received a 
second 500 units four days ~fter 'the first, and 1,500 units eleven days 

, 
: 
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Number 
of 

ONSET OF TETANUS 

cases Days after Days after 

J.13 
J.15 
J.21 

J.22 
J.23 

J.25 

J.26 
J.30 
A.ll 
A.23 

A.24 
A.26 

A.27 
A.35 
A.29 

S.l 
S.7 'I 

wound operation 

8 
'11 

8 

18 
6 

211 

8 
12 
14 
9 

10 
15 

12 
35 
26 

6 
14 

1 
7 
5 

11 
3 

9 

2 
10 
4 
3 

2 
12, 1 

8 
32. 
16~ 

2 
11,5 

I 
TABLE Ill. 

_ IOCCURRENCE OF T~TANUS AFTER OPERATIVE INTER;ERENCE WITH THE WOUND. 

. ; 
Nature of wound 

Leg _ .•.•.• .. 
Back, face, hands, thigh, legs (bomb) .. 
Left thigh, large flesh wound; fractured 
, femur 
Penetrating chest, left;, empyema .. 
Shrapnel, wound; right arm and fingers; 

left arm, both legs and buttocks ' 
Scalp, finger, ,thigh; right arm and elbow 

Nature of operation 

Supracolldylar amputation. . . . 
Incisions; removal of necrotic tissue 
Amputation middle thigh .• . . 

. Resection . . • . 
Exploration and drainage ., 

Ligature, brachial, on account of secondary 
hremorrhage 

Dura· 
tionof 

Recovered Died disease 

Died 

" 
" 

in 
days 

1 
19 

1" 

7 
,4 

7 

2 Left shoulder; right thigh • • . • 
Left forearm; severe flesh wounds .. 
Ohest, back • • .' . '. . . • . . Died 

Amputation at shoulder·joint 
Amputation at shoulder . • • • .. Recovered 
Drainage of empyema ' • • . . . . 

Left thigh and leg, fracture; right leg 
lacerated ' 

Amputation left leg above knee; free 
excision of muscle 

Posterior thoracic hremothorax, left •• Aspiration , • • •• . • 
Dorsum foot, involving bones .• ;. (1) Excision and removal of bone; (2) 

amputation 
Gunshot wound chest, penetrating lung.. Extraction of foreign body, chest.. •. 
Fractured femur into knee· joint •••. Excision and drainage of joint ., .. 
Penetrating chest; compound' fracture Resection for empyema; clea~sing of arm 

forearm wound 
Right shonlder; upper arm' / .. Excision and drainage' .. 
Gunshot wound left leg, posterior and (1) Removal of foreign body; drainage; 

quter aspect (2) knee joint re.opened 

" 
" 

Recovered 

Died 

5 
2 

1 
4 

,4 

6 
6 
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S.14 

S.18 

S.24 
S.44 

S.47 

0:3 

0.10 

0'11 

. 0.19, 

0.20 
0.22 

0.24 

0.29 

0.31 

0.35 

0.41 ' 
0.43 

8 

52 

8 
12 

21 

15 

26 

17 

11 

3 
7 

25 

18 

6 

43 

44 
9 

5 

11 

1 
6 

16 

12,6 

23, 

16,8 

6 

o 
4,2,1 

10 

Left leg shot away below knee-joint; right Amputation 
leg and ankle also wounded 

Cou;pound fracture left humerus .. 

Gunshot wound left hand " . . • • 
Lower part' of back, non'penetrating; 

also wound neck 

Amputation for, severe secondary hoomor
, rhage.' 
Amputation .. 
Foreign'body removed neck 

Right leg, left thigh, right arm, severe Amputation right thigh 
back ' . 

Shell wound right buttock; foreign body (1) Excision; (2) removal, of foreign body 
lodged in ilium . 

Left leg, thigh and foot; fracture tibia and Amputation thigh, upper'third ... ' 
metatarsal; foreign body in cornea 

Gunshot wound both legs •• ' 

Gunshot w<;lUnd. head, left temporo-max
illary joint 

(1) Amputation upper third left thigh; 
(2) opening up of stump 

Trephi,ned; f. b. removed : . 

Op~nedup Gunshot wound right thigh 
Gunshot wound left chest .. . . (1) Aspiration; 

resection 
Drainage Both legs; right ,knee and abdominal wall 

(2) aspiration; (3) rib' 

Recovered 

Recovered 

.. 

14, 10 'Compourid fra~ture left upper arm (I) Cleansing, drainage; (2) right arm in
cisions, left arm disartiquliltion at 

4,2 

36 

9 
4 

shoulder , ' 
Compound fracture left' ulna, two large 

dirty wounds; two liLrge dirty woundf! 
left calf 

(1) Foreign body removed; (2) cleansing, 
removal of foreign body , 

Penetrating right thigh;' comminuted Posterior wound enlarged fo~' drainage 
fractured femur ' 

Compound fracture leg 'Ampu'tation below,knee 
Large, over right scalp; small, over right Incision; drainage 

latissimus dorsi 
.. ... Recovered 

Died 

Died' 

'Died 

" 

" 

" 

3 

4 

3' 
4 

13 

2 

Ul 

2 

9 

11 

4 

11 
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·304 'J.1etanus in( the British Expeditionary Force 

later, on the day of the operation. Of these three cases two died and 
one recovered, but in the two fatal cases death was not considered· 
as b~ing primarily due. to tetanus: The case which had received' 
the three prophylactic doses died, but death was considered to have' 
been due to sepsis and inanition; there had been no convulsions for 
six days before death. Out of nine cases where death occurred 
within th~'ee days of operation seven were amputation cases; in the 
two remaining ones the w.ounds and the operations involved the 
thorax. On the other hand,otitofeight recoveries, three only were 
arpputations, and only in one c::se was the thorax involved. 

It may be noted that 34 out of our 160 cases faU to be de.scribed 
in this category,' as contra~ted with the 15 cases out of a total of 
195 shown on Sir DavidBruce'sla13t comnmnication. This dispro
portion is readily understandable, as these .grave operations are 
naturally demanded more oiten, and at an earlier moment, In France 
than in' the case of wounded' men whose condition was considered 
such that they cOQld beac the journey to England without undue 
risk. 

INFLUENCE OF OPERATION AFTER THE ONSET OF TETANUS • 

. The practice of operating after tetanus has tleclareditself 
appears to be dying out in France. Table IV deals with only 
nine such cases" and no case of this nature -has been reported to us 
since the end of September. Of the nine cases seven died and two 
recovered, a case mortality of 77'7 per cent. - Of the two cases which 
were most quickly fatal, viz;, one day and one· and a half days, it 
may again be remarked that each was a body wound; the operations 
apparently involved much manipulation and may thus have opened 
up fresh cha:nnels for the absorption ~ of toxin by a short route. 
Among the seven deaths there were three amputations, but, on the 
o.ther hand, both of the recoveries were alsQ amputation cases .. 

. The figures dealt with in these two tables(III and IV) are too 
~mall to throw fresh light on a side of the problem which has been 
much discussed, but we have no doubt as t<;> the wisdom of ,giving, 
a sufficient prophylactic dose a short time' before a contemplated 
operation, and we belie~e that it.' is generally agreed to -be wise to 
refrain from any avoidable disturbance of.the. wound, or anything in 
the n~tureof a severe operation, once tetanus has declared itself, 
at least until there is some sign of abatement of the symptoms and 
until a sufficient amount of antitoxin has been. administered. The 
lat~er question. will be mentioned agam below. 
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TABLE IV. 
, . . . 

OPERATIVE INTERFERENCE AFTER ApPEARANCE OF. TETANUS. 
, 

., 
Onset of 

Number tetanus- Duration of 
. of Days Nature of wound '. N atu;'e of operation Recovered Died disease in -
case before days 

"pera~~on ---- ---___ 1_-___ - -----------
JA 0 Gunshot-, wound right Incision.; cleansing .. - Died I~ 

. shoulder; fracto scap. 
J.7 0 Shell wound right thigh; Amputation on appear- -

" 
(?) Not stated 

fracture femur ance of symptoms 
J.I0 1 Perforation left Jegabove Amputation, .. Recovered - -

ankle. 
J.ll 1 Left knee joint .... .. Amputation .. .. - Died (?) Not stated 
J.16 0 Gunshot wound right Incision; drainage .. -

" 
3 

J.29 . 
upper arm 

through Recovered 2 Gunshot wound left foot. A~putation . - -
calf 

A.3I 3 Thigh .. .. .. Removal foreign body - Died 8 

S.3 

B.5 

and drainage , 
0 'Near right anterior Free .opening up , of -

" 
1 

superior spine; frac- wound 
ture.of iliuni / 

3 Right tibia:; compound Femoral artery tied 
fracture wounds, right 

- ". 5 

leg and perineum 

THE PROPHYLACTIC USE OF TETANUS ANTITOXIN. 

Although, as has been' said, the .influence of this upon the 
general incidence of tetanus in the wound~d must be l(;jft on one 

. side, there remain some points in connexion with it which are of 
interest and may be discussed without indiscretion. 

It is, of course; welllmowIithat the earlier the preventive·dose 
i . is given after the. receipt of the wound the more likely is it to be 

of use. At the sap1e time there, is' little. positive information as to 
the effects of dolay. An effort was therefore made to obtain precise 
details as to the number of hours which had elapsed between wound. 
and· injection. This' was obtained in' a considerable proportion of 

) the I60 cases, viz., 66.. It would bave been easy: to group for' 
a~alysis a still larger number than this if one. had been content to 
include cases in which the replies gave Olle a reasonable certainty 
that tl1e dose had been given within twenty-four hours, but only -
those have been: accepted in which'a definite statement was forth
cpming as tothe~act of inoculation, the dosage, a,nd the number of 
hours after the wound at which the dose was given. 

- Of the 43 ca'ses which receiv~a withirr twenty-four hours . a 
preventive dose of 500 br,more units-less is nev~r given-62~7 per 
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306 Tetanus in the British Expeditipnary' Force 

cent were fatal and 37'2 percent recovered. On the other hand, of 
twenty-three cases in which the giving of the antitoxin was, for one 
reason or another, delayeilbeyond' twenty-four hburs, 86'9 per cent 
died, and only 13 per cent recovered. These figures are giyen for 
what they are worth, and it should be borne in mip.d that delay in 
giving the -preventive inoculation is almost always caused by the 
impossibility of removing the wounded man from the place where' 
he was hit till military conditions permitted. Such cases are there:" 
fore specially liable to gangrene and to, the more severe forms of 
septic trouble. ' , 

TA;BLE V. 

OORRELATION BETWEEN THE AMOUNT OF PROPHYLACTIC DOSE GIVEN, THE TIME OF 
ADMINISTRATION, 'AND'THE INCUBATION PERIOD. * 

Reeovered cases, 19 . .- { 

Interval between 
wound and prophy- Number Percentage 

lactic dose Of cases ~ , 

Under 24 
Over _ 24 " 

" 
16 

3 

Average 
prophylactic 

dose 

630 " 
915 " 

Average 
incubation 

period -

14'7 " 
11'0 " 

* Incubation period in all cases is reckoned as the interval between the wound and 
the onset of tetanus, whether there was an intermediate complic~ting factor, such as 
operation, or not. , ' - -

These sixty-six cases are _ further ar?,alysed in Ta;ble V to see 
whether. tbere is any noticeable correlation between the time of 
administration of the preventive dose, the average size of this dose, 

- and the length of the incubat~on period. The chief points whioh 
emerged from this were that the average incubation period of -
tbe recovery,cases who got their preventive dose, within twenty
four bours is longer than that of the other classes, and that, of 

. those whose dose was delayed, and who yet recovered, tbe average 
, size' of the dose- given was larg~, viz., 915 units. ' 

No prophylactic dose was given in fifteen of the cases, apd nine 
of these died.:......i.e., sixty per cent. It is to be noted, however, that, 
of tbe six who recovered, five were instances of 'men whose injuries, 
being of the' nature of scratches _ or abrasions, welOe so'slight that 
they did not report sick, and hence received no dose of '-serum. 
Others of those who received no serum were of that unlucky-class 
who };lave only been picked up some days after their injury, haVIng 
lain unfound in some shell-bole, or, perhaps, in such ,a 'portion of 
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Sir Wi,lliam c B. Leishman and, A. B. Smallman 307 

"No ,man's land" as made it impossible to reach them. 'Their 
condition on rescue has sometimes been so critical that the medical 

, officer did not consider it wi'se to give an inoculation. 

THE THERAPEUTIC USE OF TETANUS ANT~TOXIN: 

, Th~ "questionnai~e n completed in all ,cases, of tetanus was 
prinCipally designe"d to obtain accurate information upon the details 
of antitoxin administration, the number, size and route of intro
ductiop, and the dates of each dose being asked. This information 
has qeen given:in every case and has formed the, subject of close 
study, from .as many different points of view as possible. Our 
thanks are due to the officers who furnished us with these details, 
collected often under c.onditions of great stress. Our object, it need 
hardly be said, was to search the collected results, for any indica
tions for or against a particular ,system of dosage, or a particular 
channel or cpmbination of channels of adrpinistration of the 
antitoxin., ' , 

Of the 160 cases, all but three, each of them fatal,' were treated 
with.antitoxin, so t~e tables now to be discussed deal with 157 
cases. 

The number of possible variations in the treatment adopted, as 
well as the various 'complications already alluded to, make it a very 

, difficult matter to arrive' at a clear-cut answer to any given question, 
and had there been more' gen~ral agreement on the us~fulness of, 
antitoxin ip. the treat~ent of de~lared tetanus and' on the best 
methods of employing it,we should have preferred to wait till more 
material had become available for analysis. Still, certain points 
have lather forced themselves upon our' notice in our' inquiry into. ' 
the returns, and we believe them to 'be of sufficient importance to 
put on record ;forth with.-
, The paper of 'Sir David Bruce, dealing as it does with a further 

'175 cases treated with antitoxin in Home Hospitals, forms a ready 
means ,of multiplying experience on certain points, and we shall 
frequently avail ourselves of the opportunity thus given of. com
paring our respective experiences and conclusions. 

In examining the results of a <:ertain line of ,treatment we have, 
as already said, been content to acpept as the criterion?f success or 
failure the survival or death of the patient, leaving out of con
sideration a,ny statement that death was due in the main to so~e 

, other c~use than' tetanus. ' 
Table VI shows the cases distributed m accordance with the 
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TABLE VI. 

SHOWING THE TOTAL NUMBER OF CASES TREATED BY SERUM, GROUPED 'ACCORDING TO !'HE TOTAL DOSAGE GIVEN, TOGETHER 
, WITH THE CASE 'MORTALITY THlil GROUPS ARE, SUBDIVIDED TO ,SHOW ROW' MANY CASES FALL INTO EACH ONE OF' THE FIFTEEN 

POSSIBLE COMBINATIONS. 

'" 
MBTHODB 01' ADMINJSTRATION*" 

Dose (in nnit.) ~~:::.~:~ Died Case mortality I I 
' T V S M TV TS TM' VS VM SM TVS TSM VSM TVM TVSM 

------------------------------- -- -- -- -- -- ------ -- ------ ---
Below 500 ., 
501-1,000 .. 
1,001-5,000 
5,001-10,000 
10,001-20,000 
20,001--50,.000 
50,001--100,000 
Above 100,000 

Totals 

5 4 80 per cent 3 - 2 - - - - - -' - - - - - -
,3' I 3 100" 2 - 1 - - - - - - - - - - - -

49 42 85" 12 5 16 2 2 8 ,2 ,- - - 1 - 1 - -
25 16 64" 6 - 4 1 3 6 2 - - - 1 1 - 1 -
34 26 76" 2 1 2 1 5 9 5 1 - - 6 1 - 1 -

- 25 I 16 64" - - 1 - 1 4 3 2 - - 10 2 - 2 -
14 6 43" -·1 1 - 3 1 1 1 2 - 2 - - 1 1 

2 2 100" - - - - - - - - - 1 - - - - 1 

.. -15-7 -\ill-73-;;'-:-- 257127 -4 114" 2813 -4 2 -1 20 7"4 -1 '5 --2-

* T = Intrathecal. 
S ='Subautaneous. 

V = IntraveDo~s. 
M = Intramuscular. 
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· Sir William B. Leishman and A. B. Smallman '309' 

total amount cif antitoxin which th~y had re~eived, being arbitrarily 
divided Jor this purpose into eight classes. In,each group is shown 
the. number of deaths, the case mortality, and tile channels of 
administration by which the serum had been given. As will b'e 
'seen, there are no fewer than fifteen possible cqmbinations' of the' 
four routes which we have had under consideration and there are 
instances' of each of ,these combinations having beene~ployed. 
We have taken no account. of a few cases in which antitoxin was 
said to have been given by the mouth or by the rectum, and there 
has been no report of its local application to thewound," 

For the sake of brevity we'shall in our tables e~nploy a!1 initial 
letter to signify' the particular route, thus "T" = the intrathecal 
method, ,i V" = the intravenous, " S" = the subcutaneous; and 
" M " = the intramuscular. 

We shall·leave the tables largely to speak for themselves, when' 
they hav~ anything to say, confining our comments to such P?ints 
as appear to us of significance or as needing further explanation or 
emphasis. I ' , 

As regards Table VI, the chief point sought was any broad 
indication of the effects of the total.dosage of antitoxin .. In study
ing this point, we at ODe time divided our cases accordil;J.gly as they 
had received a total dos.age- of less· or more than 20,000 units. 
Although we decided later to abandon this method for the succeed
ing tables, as too complicating; we may return to it her<1 as 
bringing out the desired point somewhat more clearly. As will be 
seen, the first five ~lasses, those in which the total dosage had been 
below 20,000 _:1nits, comprise '116 cases, of whom ninety-one died, 
a case mortality of 78'4 per cent. The remaining forty-one cases 
received more than 20,000 units and of them twen'ty-four died, a 
case rp.ortalityof 58'5 per cent. There is, therefore, a balance of 
twenty per cent in favour of- the larger dosage. Turning to a 
somewhat similar table in connexion w.ith the cases treated in 
Ho~e Hospitals; and dividing the 175 cases therein analysed into 
similar groups, below and above a total dosage, of 20,000 units, we 
find that of 108 cases in the small-dose' category, sixty-one died, a 
cas,e ~nortality of 56'4 percent; while of t,he sixty-seven cases in' 

,the large-dose class only tw:enty~one ~ied, a case mortality of '31'3 
per cent. The balance here in favour of the larger total dosage is. 
twenty-~ve.percent, a difference even more pr~mouncedthan in our 
own senes, 

Taken together, we thin,k there can be' little doubt that they 
demonstrate the' bett!3r results obtainable from the higher dosage. 
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. 310. - Tetanus, in the British Expeditionary Force 

. We have very closely scrufinized our cases' to see what influence 
,certain obviously possible fallacies might have had upon this con
clusion. For instance, it is possible that relatively small dosage 
may have been adopted of necessity because the case w~s rapidly 
fatal, either from tetanus or a com,plication; or, on the other hand,. 
the case may have been so slight that the dosage was originally 
small and was rapidly abandoned. Such cases undoubtedly occur, 
hut agaipst them may be set, unfortunately, the equally certain 

. fallacy that even in severe and prolonged cases the dosage recorded 
has, in our· view at least, been altogether inadequate, owing to an 
obvious unbelief in the Vl1lue of specific treatment. These, and 
some other disturbing factors, we think tend to cancel one another 
and we do not consider that they lessen materially the significance 

,of the figures just quoted. 

TABLE VII. 

SHOWING THE TOTAL NUMBER OF CASES TREATED 'BY' SERUM (WITH OR WITHOUT 
-' NON~SPECIFIC TREATMENT) TOGETHER WITH TJ'IE NmiBER OF DEATHS AND THE 

CASE MORTALITY PER CENTUM. THE TABLE ALSO SHOWS THE NUMBER 
OF CASES TREATED BY ANY ONE, OF THE FOUR AVAILABLE ROUTES ALONE 
OR IN COMBINATION WI~H ONE OR MORE OF THE OTHER THREE ROUTES. 

Methods of administration Number of cases I Number of deaths Case ;"ortality , 

--------, -- -,------- -------, ----
T .. 25 21 84 per cent 
V .. 7 7 100 
S .. - 27 15 '55 

" M .. 4 3 75 
" TV .. 14 11 78 

TS .. 28 . 21 75 ." 
TM 13 9 69 
VS .. 4 4 100 
VlVI: 2 0 0 

, SM 1 1 100 
TVS. 20 17 85 
TSM 4 'I 25 

" TVM 5 3 60 
VSM 1 1 ' 100 . 
TVSM 2 1 50, 

" ----------'--'-----
Totals 157 115 73 per cent 

The next table (VII) sets out the' cases treated by antitoxin 
,and it shows each route or 'combination of routes by which the' 
serum was given, the number' of cases, the deaths, and the case 
mortality. The uneven size of the groups arid their very number 
make evident the futility of any attempt to form conclusions from 
acol1sideration of ~he degree to which the case-mortalities are 

a 
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Sir William B. Leishman and A. B. Smallman 311 

above or below the mean, rate ~f the-whole 157 cases. ' A better 
opport'unity' is afforded by' a c~nsideration of the series of tables 
(VIII, IX, X and XI) in which the cases are grouped on a different 
system. Here we have placed together all cases in which one 
particular route, whether alone or in combination with others, 
formed part of 'the' system of treatment,a separat~ table' betng 
devoted to each of ,the four, " T," "V," " S" and" M." Each of 
these will now be briefly considered. 

'TABLE VIII. 

SHOWING ALL CAS~S TREATED BY THE INTRAT~ECAL ROVTE, EITHER ALONE OR IN 
COMBINATION WITH ONE OR MORE .OF THE OTHER ROUTES, TOGETHER WITH TE;E 
NUMBER 'OF DEATHS AND THE CASE MORTALITY. ' 

Methods of ~dmihistration_1 Number of ~ases r Numb:r of deaths" Case mortallty , 
, • I . 

------1----
1

------' ------

T" . . " "\ _ 25 I 21 84 per cent 
TV " .. ,,'.. 14 : 11 79" 
TS .. .. I 28 I 21 75" 

. I 
TM.. . .., .. I 13 I 9 69 
TVS .. \ 20 I 17 ' 85' " 
TSM .. 4 [1 25 
TVM _ . . . . .. I 5 I 3 60" 
TVS~_,._. _.~_._.I __ ~_,!_. _'_' _~_. _~_'_,~, __ 

, Totals ", ' .. \ 'lil' ~, ,84 ' 175 per cent' , 

, Table VIII deals with tqe intrathecal route, employed either 
alone or combined with other.s. It was used alone in twenty-five 
cases with a mortality of 84 per cent; and this, with the single excep
tion of the combination "~,TVS," is; it will be noted, the highest 
rate shown in the ta'Qle. ,;Looking to Sir David Bruce's figures, yve. 
see that "T" was used alone in seven cases, of whicl;t five died, a 
mortality of 71'4 per cent, the highest mortality of any group 
analysed in his paper. -So far, this does not impress one favour
ably.' Turning to the use of "T" in combination with others, the 
only other point .we shall call attention to.is that 'in each of the four 
groups showing the lowest mortality the ,intramuscular route"has 
formed a part of the combination. The moral would appear to 
be that 'if one employ!> the thecal route at all it is better to ~se it 

_ in combination than alone. This is even more strikingly illustrated 
in the Home figures, where the rel'ative death -rates are 71'4 per cent 
and 46'7 per cent.,. " 

Table IX deals in a similar way with the intravenous route, 
alone or combined. Of fifty~five cases in the group forty-four died, 
a mortality of 80 percent, alid we have the striking fact brought 

~ , , 
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out that no case treated by this channel alone recovered. . In, the 
Home figures the mortality -in seven ca'ses treated by "V" alone was, 
57 per cent, the second highest in the list. Looking again at the 
results of the various Qombinations of "V" with other channels, 
one again notes that the three lowest mQrtalities are III groups in 
which" M" ,appears. ' 

TABLE ,IX. 

SHOWING ALL, CASES TREATED BY THE INTRA VENOUS ROUTE, EITHER ALONE OR IN 
COMBINATION WITH ONE OR MORE OF TIiE OTHER ROUTES, TOGETHER WITH THE 
NUMBER OF DEATHS AND THE CASE MORTALITY. ' 

v .. 7 7 100 per cent 
VT .. 14 11 79 
VS •. 4 4 100 
VM 2 0 0 
YTS 20 17 85 
VTM 5 3' 60 
VSM ,I 1 100 
VTSM 2 1 50 
-------------------- --------.' - ----~'------

.Totals' 55 44 80 per cent 

TABLE X. 

SnOWINCI ALL CASES 'TREATED BY THE SUBCUTANEOUS ROUTE, EITHER ALONE OR'IN 
COMBINATION WITH ONE OR MORE OF THE OTHER ROUTES, TOGE,THER WITH THE 
,NUMBER OF DEATHS AND CASE MORTALITY. . '" " 

Metho,d.' of administration ' N~mber of cases I Number of deaths Case mortality'" , 

---.----, -,-------------- -------- -----. -.------
S .. ' .. '.. .. 27 15' 55 per cent 
ST 28 21 75 ' 
SV .. , 4 4 100" 

'SMI.. 1 ,1' lOO" 
STY 20 17 85 

" STM / 4.1 25 
SVM 1 1 100 
STVM 2 1 50 
~~-:---·----·--I-~-,---- --------. ------

, 'Totals 87" -- 61 70 per cent 

Table X shows the subcutaneous route alone and III com
bination with others. Of eighty-seven cases in which this 
route was employed the gene/ral case mo~tality was 70 per cent, 
When used alone, in twenty-~even cases, the mortality was con
siderably lower, 55 per cent,and here the apparent effect of com
bining this route with others is bad, except in two particular 
combinations, into each of which" .M." again enters. 
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, .. . 

In the Home figures ,the mortality from cases treated by " S" 
alone was 50, per cmit, but there is no information as to, the' 
frequency with which it was employed in combination. 

TABLE ,XI. 

. SHOWING ALL CASES TREATED BY THE INTRAMUSCULAR ROUTE,.,EITHEm ALONE OR 
IN COMBINATION WITH ONE OR MORE OF THE OTHER ROUTES, TOGETHER WITH THE 
DE'ATHS AND THE CASE'MoRTALITY. ' ' 

Methods of administration Number of cases Number of deaths 9~.e mortality 

-,------. --, - ---------------- -----------
M, .. 
MT .. 
MV .. 
MS •• 

,MTS 
MTV, 
MVS 
MTVS 

4,' 
13 

2 
1 
4, 

5 
1 
2 

3 
9 
o 
1 
1 

- 3 
1 
1 

7.5 per cent 
69 
o 

100 
25 
60 

100 
50 

-.--------. ------------------- -----------
Totals 32 19 59 per cent 

. Table XI, the last of this group offour, deals i~ similar fashion 
with the intramuscular route. Of thil!ty-twocases in which it-· 

. played a part, nineteen died, a case mortality of 59 per cent, the 
lowest' figure by ll.per cent of the four tables. The groups are 
too small here to afford much information and, so far as the 
figur~s go, the mortality resulting from its 'use alone, 75 per cent, 
contrasts' unfavourably with the mean rate of ,59 per cent. This 
group, however, deals with. but four cases and-may be usefully 
supplemented by the' Home figures, which show that, of eight cases 
treated by this method alone only one died, amorta,lity. of 12'5 
per cent. Combining these eight cases with our own. four, weIiave 
four deaths out o,f. twelve cases, a mortality'of 3;3'3 per cent, wh:ich 
is by far the lowest rl'lc6rded in either series for the results, of a 
single-channel antitoxin treatment. /, 

We fully appreciate the' many pitfalls. into which one may 
stumble in searching for truth at:Q.ong small figures dealing with 
cases presenting SO many complicating factors, but, so far,. our 
examination of them has given- us some strong impressions, all 
the stronger in that they were by no means anticipated. They 
appear to us to throw very considerable doubt upon t~e advisability 

. of employing the intrathecal route; either alone or in combination, 
and, further, they seem to indic;:tte considerable virtues in connexioll 
with the employment of the,' s,ubcutaneous and intramuscular 
channels, particularly the latter~ The evidence for and against the 
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intravenous method also leaves one with a feeling of suspicion, 
particularly in view of the fact that all of the cases treated by this 

,channel alone died. 

EFFECTS 0rUE DOSAGE OF ANTITOXIN EMPLOYED BY THE 

SEVERAL ROUTES; 

It is obvious, however, that, in considering the ;results of the 
'various combinations' of specific treatment- dealt with in the last 
four tables (VIII, IX, X and' XI) ther~ is a fact~r of importance 
which is not disclosed .by them, but which it is essential to con
sider. It is not enough to treat all cases as alike that have received 
serum treatment by the same combination of routes; we must study 
the amount and frequency of the dosage by each route if we are to 
teach a fairer judgment of results. This has accordingly been done 
arid every individual case has been closely studied from this point 
of view. A table snowing the full details of every dose given in 
the 157 cases was constructed, but as this would be too elaborate 
to reproduce, we have constructed Tables XII, XIII, XIV and XV, 
which,. while repeating the classification of cases adopted in' 
Tables VIII, IX, X and XI, show; in addition, the average amount 
of antitoxin given by each route in. each group of c1j,ses. This 
table enables one to grasp more readily the relative importance 
to attach to each route in any given combination of routes, apd to 
see how this factor of dosage compares in the cases which recovered 
and' those which died. , 

Table XII, displays all cases in which the intrathecal route 
played. a part. Contrasting the average dose given by the thecal 
route in the fatai and recovered cases,' respectively, and in each 

", combination, it will be seen that there is no regularity; in some 
instances. more had beElll given in the recQvered cases, in others 
less. Looking then at the venous fraction, here too we see no regu
larity; a larger dosage by the veins seems in some cases to have 
been beneficial" in others the reverse. But When we consider the 
remaining fractions, 8ubcutal?-eous and intramuscular, in each group 

. into which they enter, we notice in all cases that the dosage has 
been higher, usually much higher; in the recovery cases than in 
the fatal ones. It should be noted, however, that neither in this 
nor the succeeding three tables of the series do we attempt to draw, 

'any inferences from the two cases in' class "TVSM," the 
employment of. all four routes appearing to us to render any 
attempt of this sort futile. 
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TABLE XILc 

OASES 'TREATED BY THE INTRATHECAL METHOD, EITHER ALONE OR IN OOMBINATION 
waH ONE, Two OR THREE OTHE,R METHODS. OONTRAST OF THE AVERAGE AMOUNTS 
OF ANTITOXIN USED IN THE FATAL AND RECOVERY OASES. 

, 
-

Method or, Number of Average amount Number of Average a:mount 
admin~stration ratal easos used by each i'ecoyeries . used by each 'Case mortality 

route route 

----------------------------------
T. "21 3,810 4 ,7,250 84 per cent 

-------------------------------------
T } 11- 4,470 } ·3 ( 3,000 } 79 percent V -, 14,345 l !, 24,000., 

----------------- - -----------------
T 1 21 { , 

4,050 } 7 ( 8,000 1 75 per cent S J ,6,950 I . 18,000 J ------------------------------ '-------
'T } 9 

( 4,970 l 4 ( 12,560 } 69 per cent' M 1 6,50() J l 27,560 , 
----------------- ----------- --------

T 

} { 6.430 } { 3,750 

}. V' 17 12,535 \ 3 13,500 85 per cent 
S \ 7,985 25,500 

----_. ----------------------------
T 

r -{ _ 7,500 }. ( 4,300 

} S 1 3,000. 3 1 6,170 25 per cent 
M 6,000 11,800 

---------- ------
.T } { 4,170 t { .7,500 1 -.. 
V 3 15,500 2 5,250 60 per cent 
1\1 8,330 J 12,750 J 

---"---------------------------------'-
T 

1 J 18,000 } { 
8,000. 

} V 1 100,000 1 14,000 50 per cent 
S J l 50,500 . 17,500 
M,. . 34,000 4,500 

--------. ------------- --------.----
Totals ., ~ 84 - 27 - 75 per cent , 

Table XIII deals in .similar fashion with. the intravenous.route, 
in alLcombinations. Analysis in this group is difficult, as in no less 
than four of the combinations we have ,either no deaths or no 
recoveries, as well as the group" VTSM," of which we tak~ no 
notice. The two groups most suitable, for contrast, on account of 
the number of cases, are VT;" where the recovered cases show a 
larger venous dose and a smaller thecal one than the fatal cases, 
and group" VTS," in which, while the venous average dose is 
app'roximately equal in fatal. and recovered cases, we are struck by 

'the fact that in three recoveries only half the thecal. dose was' 
giv~n, but . three times the subcutaneous dose, as contrasted with _ 
the dosage given in the seventeen fatal cases. . 

',,- , 
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316 Tetanus ~n the British ExpedifionaryForce 

TABLE XIII. 

CASES TREATED BY'THE INTRAVENOUS METHOD, EITHER ALONE .OR IN _COMBINATION 
WITH ONE, Two' OR THREE OTHER METHODS. CONTRAST OF THE AV.ERAGE 
AMOUNT OF ANTITOXIN USED 'IN THE FATAL AND RECOVERY CASES. 

Method of 
administration 

"Number of 
fatal cases 

Average amount 
used by each 

route 

Number of 
recoveries 

Average amount 
used by each 

route 
Case mortality 

------------------ -----,- ---------, ------
V 

V 
T 

V 
-8 

V 
M 

7 

} 11 

} 4 

o 

13,890 

{ 14,345 l 4,470 ! 
-------

J 9,875 { 'I 18,000 

0 - - 100 per cent 
----------------

3 { 24,000 .} 78 per cent 
3,000 

-------------------
,0 { 0 100 per cent 

~ 

2 flO,OOO }, 0 per cent 
24,000 

~,} 17 { l~:tig} 3 {-~i:~~-ll s, po. ::-

-------------------------------, ---

,. !} 3 { l::!;g} 2 { 1t~~} 60 per cent 

---,-- ------------ ----------------
V, 
S 
M } 1 { ~:~1} o o 100 per cent 

--------------------_·-----1-------,-'- ------
V) I 100,000 } T l 1 . 18,000 
8 I 50,500 
M ) 34,000 

1 

14,000 
8,000 

17,500 
4,500 

50 per cent 

----------~-I----------------
Totals •. 44 - ' 11 - SO'per cent 

Table XIV, ,dealing with the dosage of the Rubcutaneous route, 
alone or combined, brings out more clearly than the others the 
observatIon that, in all groups in which we are able to make 
a comparison ,between the dosage in the recovered ana il} the fatal 
cases, a much higher average dOfie has been given to the cases which 
lived. This is particularly I10ticeable in the group tre,ated by the 
subcutaneous method alone, where the average dose has been 4~ 
times higher in the cases which-recovered, and in the two other 
fair-sized groups, "ST" and "STV,': in which the subcutaneous 
dose was, respectively,2! and 3! times greater in the recovery 
cases.' In all, this table impresses us with the value of high dosage 
when the subcuta.neous route is employed." -, 

-, 
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Sir William B. ,Leishma'n and A. B. Smallman 317 

TABLE X!V. 

CASES TREATED BY THE SUBCUTANEOUS METHOD EITHER ALONE OR IN COMBINATION 
WITH ONE, Two' OR THREE OTHER ,METHODS. CONTRAST OF THE AVERAGE' 
AMOUNTS OF ANTITOXIN USED IN THE FATAL AND 'RECOVERY CASES. 

-, 

Average amotfnt " Average amount Method of Number of Number of 
administration fatal cases used by each recoveries used'byeach Case mortality , 

ronte , route " 

------------ -'-----" -------- -----
S 

" '. 15 2,450' . 12 ' 11,500 55 per c'ent 
----- -----------'---------

S } 21 { 6,950 - } 7 { 18,000 } 75 per cent 
T 

I 
4,050 8,000 

------------ ------.-------
S } '4 . { , 18,000, } 0 .100 per, cent, V 9,875 -

-----------------------------------,-
S } ( 60,000 } 

, 

M 1 1 60,000 0 - 100 percent 
" -------------------------'---------

S 

} 
, 

{ 
7,895 } { 25,500 

} T 17 ,6,430 3 
-

3,750 85 per cent 
V 12,535 13,500 

------ --------------------
S } , , 

{ 
3,000 } { 6,170 

} / 

T le 7,500 3 4,300 '2g per cent 
M 6,000 11,800 

------------------------
S, 

} {" 
1,000 }, V 1: 500 0 - .. 100 per cent 

M 3,000 .' 
----- ----------------,-,--------

S 

I ~ __ l 50,500 

I 1 
17,500 

) T 18,000 1 8,000 50 per cent V 100,000· ' . 14,000 
M 34,000 4,500 -

------ -------------------
Totals .. 61 - 26, - 70 per cent 

\ 

',Table XV, the last of ~his' series, shows' the average dose 
of antitoxin employed in' all combinations in which the intra
muscular route ,was' used.' The various groups in this category 

,are, on, tht:J whole, too small to extract from them much guidance 
in this matter of dosage, bilt it will be seen that in the largest 
group, "MT," dealing' with thirteen cases, about four times as 
much antitoxin was'given intramuscularly in the recovered cases as 
in those, which died. .In the "MTS" cases, in which three 
recov,ered and one died, the intramuscular dose wa~ twice as great 
in those who lived. On the other hand, in the cases treated by 
intramuscular injections alone, of which three' out of four we~e 
fatal, the only qase whiph recovered received less than half of the 
average dose given to the fatal cases. On the whole, althoughAhe 

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-28-03-01 on 1 M
arch 1917. D

ow
nloaded from

 

http://militaryhealth.bmj.com/


. \. 

318 'Petanus in' the British Expeditionary Force 

figures are small, we get the sam~impressi'onhereas in the 
instance of the E!ubcutaneous' route, that the apparently favourable 
effect of employing this channel is associated, with a proport.ionally 
high dosage. -

TABLE XV. 

CASES TREATED. BY THE INTRAMUSCULAR METHOD, EITHER ,ALONE OR IN COM· 
BINATION WITH ONE, Two, THREE, OR OTHER METHODS. CONTRAST OF THE 
AVERAGE AMOUNTS 'OF ANTITOXIN USED ~N THE FATAL AND R.ECOVERY CASES. 

Method· of Number of Average amount Number of Average amount 
Case mortaiity administration fatal cases used by each recoveries used by each 

route rOlJ.te 

--_. --------
, 

M 3 7,500 1 3,000 75 per cent 
---------------------

M ) 
9 { 6,500 '} 4 { 27,560 } 69 per cent , T J 4,970 12,560 

------------------------
M } 0 2 ( 24,000 l o per cent V - 1 ·60,000 J ------_. ---------
M } 1 { 60,000 } 0 100 per cent S 60,000 -

--------------
M '} {I 8,330 '} { 

12;750 

} T 3 4,170 ' 2 7,500 60 per' cent 
V 15,500 5,250 

------------------ '--
M } { 6,000 l -{ 

11,800 

} T c 1 7,500 3 4,300 25 per cent 
S \ 3,000 

; 
6,170 , 

---------------------
M I { 3,000 } I 
V i 1 500 0. , 

I 
- 10?'per cent, 

S 1,000 -. 
-------------------------

M 

} : { 34,000 } { 
4,500 

} T 1 '18,000 1 8,000. 50 per cent· V 100,000 14,000 
S 50,500 ) 17,500 

.' -------------------
Totals .. 19 - 13 - 59 per cent 

-On regarding these four tables from a general point of view, 
and without attempting to draw from them more than may reason
ably be inferred, we ,find our suspicions of the thecal and venous 
routes strengthened, and also some further support for the good 

, impressi<)ll which had been made on us by a consideration of the 
results of the subcutaneous and intramuscular routes; . 

The last table which we shall give, Table XVI, was designed in 
. an attempt to visualize: and contrast the results obtained by single,
route administration of antitoxin, with the results 'of using that 
partieuliu route in combination with others. ' 
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TABLE XVI. 

COMPARING AND CONTRA§lTING THE RESULTS 'OBTAINED BY EACH ROUTE INDIVIDUALLY WITH THOSE OBTAINED BY THAT ROUTE IN 
COMBINATION WITH ONE OR MORE OTHERS. 

" 

Il!-t'rathecal route orily "- .. 
Intrathecal- combined with 

other routes 

Total cases 
treated 

25 

86 

Total cases 
treated 

A verage do~age 
employed, 

thecal route 

4,360 

5,680 

Average dosage 
employed, 

venous route 

I 

;Number of 
cases 

21 

63 

Number of 
~ases 

DIED 

Case I\lortality 

84 per cent 

73'2 " 
, 

DIED 

Cas~ mort~lity 

Average dosage, ,Number of 
thecal route cases 

3,810 

5,180 

Average dosage, 
venous route 

4 

23 

'. /' 

Number of 
cases 

"RECOVERED 

Recovery rate 

16 per cent· 

26'7 
" 

, 

RECOVERED 

Recovery rate 

Avmage dosage, 
thecal route 

7,250 

7,060 

Average dosage, 
venous route 

--------------------------- ------ --,------ ._------- -------------- -------
IntraVEmous route only 

Intravenous ,combined' with 
other routes ' 

7 

48 

I I 

I 
Total) cases 

treated 

13,890 

16,966 ' 

Average dosage 
employed, sub. 

cutaneous route 

I -------------'-,----- -------
i 

Subcutanllous route only •. I 
, I 

Subcutaneous combined with I 

other routes . I 
. I 

27 

60 

Total cases 
treated 

6,470 

11,780 ' 

~A verage dosage 
employed, 

muscular route 

7 100 per cent, 13,890 0 ° ! 
37 77 

" 
15,062 11 23 per cent 23,360 

DIED I RECOVERED 

---. 

Number of, Case mortality subcutaneous Number of : Recovery rate subcutaneous 
Average dosage, I. . I Average dosage, 

__ :_s - :: P'~,~;;;- --,~:---- --'~~j :t:,:=£ I-~::: 

Number of 
cases 

DIED 

,. 
Case mortality, 

Average dosage, 
muscular route· 

Number of 
cases 

I I 
RECOVERED 

Recovery rate 
Average dosage, 
muscular route 

-------------'---------, --, -,.,-------------
Intramuscular route only .. 4 ,6,375 3 75 per cent 7,500 1 25 per cent 3,000 

Intramuscular combined with 
other routes 

28 14,650 16 57 
" 

11,655 12 43 
" 

18,640 
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320 Tetanus in the British ExpeditionaTY Force, . 

Looking at the intrathecal results, we see that the case 
mortality is ten per cent higher when this route is used alone, and 
also that the total dosage given by the thecal route in the fatal 
cases was considerably higher in the group in which this .channel 
was employed along with others tha:~ when it was employed. alone. 
It was remarked, however, that a con'siderable proportion of the 
twenty-one fatal cases treated by the single-route method were 
exceptionally sev~re cases of gunshot injuries. In' nine of them 

. death was attributed by the ,reporting officer to causes other than 
tetanus. rI'hirteen of them died within twenty-four hours of the 
first appearance of tetanic symptoms. Of the four recovery cases' 
~ll were noted as beipg either slight or localized, and noneo! them 
reached the stage of trismus.' 

As regards the intravenous channel, attentiorihas. already been, 
directed to the fatal issue in all cases treated by this method alone. 
The high dosage employed will be remarked, as well as the fact that' 
the average dose given to the recovered cases in .whom this channel 
had. been used in combination with others was highest of all. In 
examining the individual'records of the seven fatal cases treated 
by'the venous route only it was remarked that, although they were 
all severe wounds, the antitoxin was not persisted in in several, 
though time a1l9wed for its repetition. In only two out of the 
seven was the dose above 5,000 units. ' 
. The subcutaneous route employed' alone shows the lowest 

mortality, viz.; fifty-six per cent. Of the fifteen fatal cases seven 
were severe wounds, in which death was not attributed directly 
to the tetanus. The dosage employed in these fatal cases was also 
remarked upon as being very small, in only one of them was it 
over 3,000 units and most received 1,500 units or less. Of the 
twelve recoveries in the single-route group six were either localized 

,. or slight, but the dosage only fell below 3,000 units in one case, 
which received 500 .. The wounds in this' group were, on the 
whple, slight. ' 

Too few cases were treat~d by the intramuscular routEl alone 
to allow of effective contrast with those in which this method was 
associated with others.· Of'the three fatal cases two were specially 
severe wounds and the intramuscular- dosage was moderate. The 
recovery case,' although severe, was, on the other hand" given 
3,000 units only. " The high average dosage given into the,muscles 
in the twelve recovery cases in the combined group, 18,640 llnits,is 
also.notew.orthy. ' , 
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GENERAL COMMENTARY. 

The above analysis of these tables dealing with the therapeutic 
employmerrt of tetanus 'antitoxin leaves, we are fully aware, much 
to be desired and, at any other time than this; we should have 
greatly preferred to postpone this a1;ticle until our material was 

A larger., The importance and urgency of the subject, howeyer, form 
our justification, and we shall. now proceed, to summarize the, 
impressions we ourselves have gathered, trusting'that webave 
presented ,the available facts in such a way that any who wish may 
do the same. ' 

. Our general conclusions would place the alternative' channels 
of administration of the antitoxin in the following order of merit: 
intramuscular, subcutaneous, intrathecal, and intravenous. Let us 
consider each separately, emphasizing the points of experience or 
theorY' which have influenced our judgment. Taking .the intra
venous route first, as we have placed it last, ~'e are in full agree
ment wi.th the recommendation of the Tetanus Committee in their 
revised memoran~um', that this route should not be used; not only 
does it introduce a risk of anaphylactic shock, from which other 
methods are practically free, but it appears to us frbmoI!:r ,records 
that it has' done little, if any, good in treatment. It seems 
improbable that, 'even when very large doses are injected into the 
veins; the antltpxin is likely to be brought to the ppint a~which 
it is most wanted in. a sufficiently concentrated form. Of what is 
injected only a small fraction can· possibly be. utilized and, further, 
we do not think that the effects of the antiseptic which is' mixed 
with most brands of antitoxin ca~ altogether be neglected when 

. large and repeated doses are injected by this channel. 
As to the intri1thecal route, we are less 'inclined to support the 

recommendation conta'ined in the memorandum' just mentioned, 
when. it says" In a case of tetanus the first thing to do is to give 
arrintrathecal injection. of antitoxin." The study of our own cases 
has not impressed us at all, favourably., Sir David Bruce, in his, 
article of December 2, 'considers that'the evidence for and against 
it from his seriesofcases at Home hospitals is not conclusive. We ,. 
are. inclined to go further and ,consider, from our own, tables, and 
also to some extent from his, that the evidence is pretty strongly' 
against its ,employment.·. ,The theoretical grounds for the adoption 
of the thecal route are, of course, well known and depend chiefly 
on the hope' that by bringing antitoxin into more or less clos~ 
contact with the poisoned nerve cells of the cord, we' may: effect a 
dissociation between the cell and the molecules of toxin which it 

, " 
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322 ,Tetanus in the British Expeditionary Force. 

has bound to itself. It is known to' be very difficult to introduce 
antitoxin into' the cerebrospinal fluid by means of the blood-stream, 
hence the direct, path chosen in ~umbar puncture. We sbaIlnot 

.' attempt to analyse the experimental evidencepearing lipon this 
subject, but think it will be .agreed that a considerable divergence 
of opinion still exists as to whether what we aim at, a dissociatiOn 
of toxin from the poisoned nerve cell, is realizable inpractiQe. The 
good effect of intrathecal injections of serum in some cases of 
cerebrospinal meningitis has really no bearing upon this problem, 
because, in that instance, we are directly attacking an, 'organism 
which we know to .be present in tbe fluid into which we. introduce 
s>ur~anti-serum. Ag{tin" in that disease marked benefit, often results 
from the mere evacuation of'the turbid fluid whi~h has accumulated 
under pressure, without even replacing it by an injection of serum. ' 
Apart, however, from doubts as to the soundness of its theoretical _ 
basis the method appears to us to possesss6me very definite dis~ 
advantages a'nd dangers. For example; ,the dangers of coptamina
tion of the needle track, in ~pite of scrupulous precautions at the 
time, of operation, must be very considerable in certain cases. At 
all events d~finite comments have been made in connexion with 
some' of our cases that thecal injections hitve been followed by signs 
of meningeal irritation, and one. of us has seen specimens. of cords, 
removed after death from tetanus; in which there was' d'efinite 
evidence of meningitis having followed the lumbar punc,tures. 
Again, although Flexner and others have stated that the amount 
of' antiseptic usually added to antitoxin as a preservative is no 

im.pediment to its employment by the thecal route,we do not think 
~that repeated injections of carbolic acid, tricresol, etc., can be 
altogether a negligible consideration in the case of a canal whose 
limiting membranes are so delicately constitated and their functions 
so imperfectly understood, to say nothing of possibly aading to the 
grave irritatic)ll already present in the adjoining nerve cells of the, 
IllOtor tracts owing to the action of tetanus toxin. In at least one 
case d~ath followed rapidly upon a thecal dose when the patient 

/ was said to have been progressing fav'ourably. It was attributed 
to anaphylactic shock. 

Although we ~ve this decided. impression that the intrathecal 
route may be ,a· dangerous one and do not feel its theoretical 
foundations to 'be as secur~ as one would like, still we have a fair 
number' of instances in which the reporting medical officer was 
struck with. the apparent benefit following~ a-thecal dose, and of 
course, as our tablesc show, jt has formed a part of the ti:eatrp.~nt in 

. twenty-seven cases which recovered. ' 
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If it is desired to employ this method we think that its use 
should be very carefully watched, that exceptional care should be 

,taken to guard against possible contamination' of the canal through 
the needle puncture, that the. seru~ should contain, no preservative, 
and that it is uridesimble to withdraw more than ten to/fifteen cubid 
centimetres of cerebrospinal fluid, or to replace this by a greater' 
volume of antitoxin .. It might be advisable to employ for this 

,purpose a solution of desiccated antitoxin; which would be free 
from preservatives and could be rapidly pl.'epared under sterile 
conditions in the desired concentration. 

The subcut~neous and intramuscular routes may appropriately 
be considered 'together, as they are essentially similar in action, 
each being a comparatively slow and continuous method of dosage 
~s distinguished from the rapid introduction involved in the venous 
and thecal methods., While we have expressed our' ~nfavourable 
impressions in respect of these rapid methods, we have in the 
present case received a strongly favourable impression, which is 
confirmed, tOflome extent by the results obtained In the Home 
hospitals. Hitherto these two routes have been looked on as 
merely supplementary to the others and as being of cl:Jief value 
when it was desired to maintain a moderate concentration of anti
toxin in the system after the critical period w~s past, and with a view 
to'warding off a possible relapse. We think, on grounds both of 

. theory' and observation, that they might be promoted to a more 
dignified position. We believe our records show that when these 
two paths of intr'oduction have been utilized freely, and where the 
'dosage has been sufficient, the results as regards saving of life nave 
been more satisfactory than when they were not utilized, or were 
used in altogether too restricted a fashion~ " 

Turning to the theoretical aspect, we may follow for a moment 
the path by which the toxin is believed t'o travel on its way to the 
central nervous' system. It 'is generally accepted that it travels by 
way of the motor nerves, though it, is still a matter of debate 
whether it progresses through the axis cylinders or through the 
lymphatics which 'accompany these nerves. At all events, the 
general blood~strea:m and lymph-stream are cQnsidered to play but 
a small part. Once' the tetanus sp9res' have found conditions 

. suitable for their germination,' and' the bacteria themselves are 
multiplying'without int~rference in some n~k or cranny of the 
wound, the formation·of the. toxin goes on contiilUously. It is 
possible that this toxin at times may accumulate locally and only 
upon some local disturbance of the wound does it become absorbed' 

i -

,. ' 
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in quantity, producing proba.bly a rapid and fulminating ~ttack. 
At other times the- toxin may be slowly but continuously taken up 
by the nerves, as it is formed, and this may lead to a comparatively 
slow onset of 'the disease. In either case' we have then to deal with 
a localized factory of the toxin, which is either continuously or dis'-

, '- continuously absorbed along the nerves. Looking now at the 
possibilities of neutralizing this toxin: we have in our hands a' 
perfect a,ntidote, of that there, can be no question, and the problem, 
becomes clear that it is an affair of trying to bring antidote and 
poison in contact with one another, within the shor~est time alid 
under the most favou~able conditions· for neutralization' to take 
place .. '1'he alternative lines of attack are three, and no more: the 
local factory of toxin, the line of transit of the toxin to the central' 
nervous system, and the central nervous system itself. The first 
would of cou~se be the ideal one to select, but, ~nfortunately, we 
cannot locate it with preciSIon, and attempts to reach.it and deal 
with it by surgical measures, or by the local applicati9n of .various 
antiseptics or oxidizing agents, more often than not end in failure 
or in 'a sudden, outpouring and a~sorption of toxin. The last; the 
central nervous system, is difficult to, reach and, at the best, this 
is an atte'mpt to re-capture from the enemy a position which they 
ha;e already taken and hol9. in great strength. The method of 
intrathecal injection aims at such a local assault but !iepends for 
its possible success on two assumptions, namely, that the antitoxin 
shall actually come into contact with the nerve cells which are 
poisoned and, having come into contact, with them, shall be able 
to neutralize or withdraw' from these cells the tetanus toxin which 
had reached them.' In practice, tl;1e resqlts of this line of attack 
appear to us, from our own and the Home cases, to be most 
disappointing. ' '. . ' . " . 

The chances of success by employing the third alternative, an 
I, attack on the lines of communication, would appear more hopeful" 

especially if this ,could be done by some method which would keep 
up the antitoxin attack steadilY,and continuously on the path over 
which it is probable the toxin must travel. To effect this there 
appear to be grounds, for considering that the suQcutaneous.and the -
intramuscular channels offer greater prospects of success than the 
intravenous method, for the reason that the dose of antit0xin thrown' 

'into the veins is immediately diluted by the whole volume of the 
blood and subsequently of the lymph, and by the time any portion 
of it comes round to 'the site where it is required it must be very 

'dilute indeed. On the other hand, antit'oxin injected beneath the 
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skin or into' the muscles is said to be, absorbed but slowly, taking, it 
is stated, .forty-eight hours in the case of the subcutaneol1s site and 
twenty-four in that 6nhe muscular. This comparatively slow rate 
of dispersion of the antitoxin, presumably into the blood or lymph 
streams, is usually held to be a disadvantage, and it is largely on' 
this account that' the more rapid niethods of venous or thecal 
injection have been advocated as more suit~ble for treatment in the 
early or acute .st~ges. To us it '~ppears that this slowr~e of ' 
absorption should rather be counted as a virtue, especially when 
the inoculations· are ~ade <some~here .along the supposed path 
taken by the . toxin in its journey from wound to cord. At all 
events, it seems clear tnat; by these methods we could in a given 

· area produce a zo~e of tis~ue bathed. in antitoxin 'in far higher 
concentration than could be produced in the .blobd and lymph of 
the part by means of intravenous injection's, except p~rhaps by 

· immense doses frequently repeated. Further, it is probable .that 
this antitoxin would rernain available locally in considerable 

'strength for a nJI'mber bf hours. On the' other hand, assumIng 
that antitoxin is 'absorbed from the muscles with comparative 

'rapidity, t.his· would-be a reason for utilizing that channel in order, 
to reach the nerve .centres rapidly, through the general circulation, 
in cases where it is' hoped to effect ·an early dissociation of toxin 
from these centres. . .. / ' 

Should the wound. be a single one, and especially if it is on a 
limb, we believe it would' be sound practice to introduce antitoxin, 
both subcutaneously,and,intramusQulitrly, somewhere astride the 
path which the toxin must travel on its way to the spinal cord. To 
do this effectually, it would appear, if our ideas.are correct, better 
to divide. the dose and inject portions on each surfac.e of the limb 
and also at differept depths amid the muscles.. Somewhere among 

· these tissues we know the' nerves run along which the poison is 
travelling and the ,more evenly distributed our antitoxin the better 
would appear the 'phan'ce that it may attain effective contact with 
the toxin and achieve our object. ' . '/ 

We have alre!1dy' mentioned that the results of these two 
methods of introducing aptitoxin appear, in the present series of 
cases, to have been better than those of either the intrathecal or 
the intravenous 'methods. It ~ay be that they would havb been 
better still if employed alone and on the lines suggested above. 

'- Turning now t.o the question 01. dosage, this appears a most 
difficult matter to judge. Cases recover in which the amount given 
has been almost lhdicrou~y small, and ,others have died in spite of 

j ~, \ , 
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enormous' doses. It appears to 'be a question of bringing the 
'antitoxin .into effective contact with the toxin., There can be no 
conceivable benefit in flooding the b~dy fluias~ith antitoxin if this 
never reaches the site where it is required, and, on the other 'hand, 
quite a small dose 'might, by acting at the right time and in 'the 
right place, do all ,that was 'needed. There are obvious limits to 
the amount which one can inject intrathecally; but none by the 
other routes. On the whole, while admitting that we have little to 
guide 'us in the matter, we think that, if the combined subcutaneous 
andiritni.muscular routes be used, the daily dosage_for the first few 
days should, not fall below 10,000 units; If it, be desired to 
supplement this by intrathecal inje~tions, it would appear wise 
to .limit these to such a number of units as could be contained in 
ten or fifteen cubic centimetres. . 

We are in full agreement with all that has been ,said on the 
necessity' for commencing specific treatment at the earliest possible 
moment and ,also on maintaining an effective dosage well into 
convalescence:' The' present series contained - several, examples 
of relapses occurring on the cessation of serum treatment. With 
regard to therecdmmendations of the Tetanus Committee as to 
watch being kept for early signs of tetanus, this is obviously of the 
first importance. In connexion with the present series of cases we' 
have unfort-qnately received little fresh information on this point. 
A stateiPent upon this point is now asked in every case, but, so- far, 
bas brought little to light. Practically the only early sign mentioned 
has been that of local contractures at or near the wound and this 
has usually been follo.wed rapidly by trismus. Some of the signs 
mentioned' by the Committee,. such as pain in the wound and 
hardness of the tissues surrounping it, ,are, we fear, 'too' common 
in connexion with sepsis" gas-infecti'on, etc., to possess as much 0 

value here as they might at home. .-
With the recommendations of the Committee on the subject of 

,repeating the ini'tial prophylactic dose of antitoxin every six or 
seven days as -long as, there, is any reason to fear tetanus, we are, 
we need hardly ,add, ,in the fullest accord.' Instructions on this 
have been circulated to all concerned. Again, we agree that a 
preventive' dose should be given prior to any secondary operation. ' 
For the reasons given above we think that it would be well' to give 

'such a dose by the combined subcutaneous and intramuscular. 
channels, inoculating it at several points around the site of operation 
and at different depths of muscle on its proxill3al side. If time 

'permitted this should be.commenced forty-eight hours before the 
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9peration, but, if the operation was one of urgency, si41ilar inj,ections 
'in the neighbourhood of the operation wound, with perhaps injection 
into the sheaths of prominent );lerves, would appear, a wise routine 
procedure., As far as present knowledge goes 1,500 c{nits would be 
a suitable, amount to give. . 

NON-SPECIFIC TREATMENT. 
\' . 

Although really.,outside the purpose of the pr~sent. article, we 
I may conclude with it few remarks on the replies which have' reached 
us in connexion with. this subject. Carbolic acid treatment has 
been almost abandoned and few retain any faith in it. Its use was 
recorded in eight cases; in strengths varying from -1 in 20 to 1 in 
100: In, no instance were any remarks made on, its favourable 
influence upon the progress of the case. Magnesium sulphate also 

, has gone out of favour,only four cases p.aving b~en" trea.ted by this 
in July, and two in September: The intrathecal route was most 
often adopted. Some temporary amelioration of the symptoms and 
control of spasm .was mentioned in two cases, but paralysis of the " 

. legs; lasting ~wenty-four, hour!';, w~s noted in another. . 
Sedative drugs have been' 'used in the great majority ,6f ~ases; 

in oider Of frequency these were as follows: chloral, bromide, 
morphia, chloretone, atropine, omnopon, scopolamine, alcohol, 
colorofor41, and paraldehyde, In' some cases, though but few, it 
was noted. that one or other of these drugs had been useful in 
controlling spasm .. 

Although fully'symp'athizing with tl?-e natural desire of the busy 
.reader to find at the end of a paper such as this a series of 
" conclusions," we hav;e aBstained from them, being very qonscious . 
that we have much 'more t~ learn on every point under discussion. , 

- However, we have not hesitated to express our own views on a 
" number of these points. as we have dealt with them, and we trust 

t,hat they may at least serve to rouse further interest i~ the specific 
treatment of tetanus, which webeIieve to be of greatest value; did 
we but know how to apply it aright . 

. 23 
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