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STUDY OF THE EVIDENCE AS TO THE
SOURCE OF THE INFECTION WHICH
CAUSED THE CASBES OF TETANUS AT

e

. MULKOWAL, PUNJAB; INDIA, DURING
INOCULATION ~"AGAINST, PLAGUE 1IN
OCTOBER, 7£502. e

. ALTHOUGH it is
accident oceurre

0 Ereaaﬁ.iuéﬁ the lamentable
iT IE.% owal’ by which nineteen
{zbetanus as the/#esult of injection
ig“oply now that the
enk ame presented to us in a
gufficiently precise and complete form to enable us to
pome to a scientific conclusion as to the source of the
feetion which eaused the accident.
There have been zeveral cases of an allied nafure,
one in Italy, one in the United States, and one in the
Philippines.
* In no instance has any searching enquiry been
published as to how these accidents took place. This
s & matter much to be regretted from every point of
yiew, for it is probable that an investigation of any
one of them would have furnished us with important
acts for the guidance of bacteriologists and operators
in the preparation and administration of sera and
vaccines in general.
| It must be remembered that prophylaxis by these
pew methods is still largely on its trial, and in some
gases in its infancy, and mishaps arve, perhaps, in-
evitable ; but should they oceur, a thorough investiga-
tion and a careful study and analysis of the facts is
of vital consequence to scientists and to the public.
From a medico-legal point of view, if from no other,
the matter has great scientific value; for the methods
of investigation as fo the origin of contamination
eausing such accidents have not hitherto been dealt
with in a manner which can be regarded as of any
real value.
. The present instance—the Mulkowal accident—
affords us, for the first time, an opportunity of study-
ing euch a case as a whole, for we have not merely
pressions of opinion to guide us, but facts, the result
of rigorous investigations, which are indisputable and
gonclusive. Any one reading the evidence must be
impressed with the accurate manner in which the
etails of the subject have been studied. Merely,
fore, as a scientific work, this investigation will
remain as a model of how thorough an complete
questions of the kind can and should be worked out
@t the present day; and there can be no guestion as to
the importance of publishing as fully as the Govern-
ment of India have done, the steps taken to elucidate
such a subject.
~ Beyond the mere academic interest, however,
aftaching to this question, the great practical import-
ance of this publication is obvious.
. The report issued by Government, in a supplement
ko the Gazette of India, Caleutta, December 1st, 1906,
18 very voluminous ; the larger part of it is, however,
occupied by the discussions of the relative merits
of two methods of preparing Haffkine's prophylactic.
Both of these methods, the broth-cultivation one, the
%Mﬂeﬂ standard method, and the agar cultivation

dangic, 1t

process, are in use in various laboratories, and their
description and details have only a distant bearing

1

on the case. It has, therefore, been decided in the
pages of this Journal to reproduce the portions of the
report which refer to the accident at Mulkowal and
the origin of the tetanus contamination. As the
reader will notice, even that portion appears to entail
a considerable amount of close reading; but the gist of
the matter is really simple.

As a guide to the reader it may serve a useful
purpose to summarise as briefly as possible the points
al 1ssue (—

(1) The accident was confined to the contents of
a particular bottle, and to the use of a particular
'Efl'lnge. . |

(2) The subject was investigated by two scientific
bodies: (a) @ Commission in India, and (b) the
Lister Institute in London.

(3) Assuming that the accident was caused by the
syringe, the contamination could only have originated
locally in the Punjab; but if the contamination was
in the bottle, it may have come from the laboratory
at Bombay, or have been introduced at Mulkowal at
the time of the inoculations, when the bottle was
opened.

(4) The evidence shows that the bottle, which was
prepared forty-one days, and issued from the laboratory
twenty-six days, before the accident, was free from
contamination up to at most two or three days before
its contents were used, and readers will be able to
judge for themselves that the evidence on this point is
of a very exact nature. The bottle was odourless at
the time of opening, whereas tetanus growing in a
medium gives out a strong, pungent smell, and when,
experimentally, the bacillus was introduced into bottles
of plague prophylactic, it was found that the smell
becomes pronounced and unmistakable within three
days.

%ecumﬁlly: The syringe used on the nineteen people
was rinsed out with carbolic lotion after the inculpated
bottle had been emptied, and afterwards, with the same
syringe, other people were inoeulated by fluid from
other bottles. Now it has been proved experimentally
that a syringe, into which a tetanus culture grown in
a bottle of prophylactic even for a few days only has
been drawn, becomes so grossly contaminated that
after the rinsing, as practised at Mulkowal, and filling
it with harmless fluid, the syringe caused tetanus to
seventeen out of nineteen animals on which the ex-
periment was tried. In the case of the inoculation at
Mulkowal, however, not one of the people injected
with the syringe after the rinsing exhibited any
abnormal symptoms. In other words, the prophylactic
in the ineriminated bottle could not have contained a
developed culture of tetanus.

Thirdly : Numerous experiments have shown that
the prophylactic, in its agar-grown variety as used in
the Punjab, was an extraordinarily suitable medium
for the growth of tetanus bacilli and that when
tested after a few days’ growth, the fluid, contaminated
with the Mulkowal tetanus bacillus, gave tetanus to
animals in doses of 5 Jqg ce. and zykop ce., whereas
with an ordinary cultivation medimn a dose of ¢ ce.
was required. It is evident that if the patients
had been injected with 1% ce. of sueh an extra-
ordinarily toxie fluid, the incubation period of the
disease and the duration of the latter would be
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ereatly curtailed. Now, in both these respects, the
Mulkowal patients exhibited clinical manifestations
coinciding with those of average, not acute, cases
in India, arising from an invisible infeetion introduced
during an accident or operation, and running a re-
latively slow course.

Fourthly : The bottle was recovered and examined
fifteen days after the aceident, and instead of the rich
and toxie culture above veferred to, it was found to
contain a poor culture of tetanus, of reduced toxicity,
and mixed up with a common micrococcus. Now
tetanus bacilli, being anaerobes, give the rich and
toxic culture mentioned above when L]u_-,:v.-' are intro-
duced into a bottle full of prophylactic. When they
find themselves in a few drops of fluid left in a hottle,
and are thus exposed to the air, they do not grow ak
all, or else give a poor culture and of little toxieity
if aerobie microbes present in the fluid partially use
up the oxvgen. This again points to the tetanus
microbes found in the Mulkowal bottle not baving
been thera whilst the bottle was full of fluid, but
having been intveduced at a time when the bottle
was abt once emptied of most of its contents.

Lastly, as will be mentioned subsequently, the bottle
was dealt with at Mulkowal in an extracrdinarily faulty
manner.

(5) The Indian Commission started, however, with
the assumption that the contamination of the syringe,
or the contamination of the hottle at the time of
inoculation, was not likely to cause nineteen cases of
tetanus, and upen this assumption they rejected all
the evidence brought out by the enguiry, and pro-
nounced that the bottle was contaminated in Bombay.

(6) The Lister lnstitute ascertained by experiment
that the Commission's assumption was not maintain-
able, and that the acecident conld have been eauzed
locally ; but it abstained from expressing an opinion
and giving a prorouncement on the actual origin of
the accident. When pressed subsequently for a
definite and precize statement the Insiitute authori-
ties, on November 9th, 1905, replied in the following
words :—

From Dr. Cuaries J. Marmix, M.B., D,8e,, F.RR.8., Director.
To ToE UNDER-SECTHETARY OF BTATE FOR IxDIa.

“In reply to vour letter of November 2nd, 1905
(R and 5, 2655), 1 am directed to state that the
Institute is of opinion that the fluid u=ed at Mulkowal
probably became contamirated with tetanus before the
time of opening the bLottle at Mulkowal, but it also
agrees with the Commission (extracts from the Report
of the Punjab Plague Inoculation Commission, p.
2547, Seh hine) that the possibility of contamination
having elfected an entrance at Mulkowal cannot be
excluded.”

The reader will observe that the opinion of the
Lister Inctitute anthorities is divectly opposed to
the fundamental assumption and the finding of the
Indian Cominission, In yet another communication
from the Lister Institute, dated May 5th, 1906, they
refer to the subject in the following ferms :—

e e — ——
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¢ In further reference to your letter, R and S 409,
of March 9th, 1906, I have now the honour, by
direction of the Governing Body of the Lister Insti-
tute, to submit to you the following ohservations on
the letters from Mr. Haffkine, of February 14th, 1906,
and March 10th, 1906.

“The Governing Body of the Institute, while of
opinion that the probabilities were in favour of the
view that the tetanus impurity was primarily in the
fluid, did not feel justified in asserting this as a proved
fact in view of the possibility of contamination at
Mulkowal.

“The Governing Body regret that in their report of
November 24th, 1904, they inadvertently referred to
their conclusion as the same as that of the Commission.
The sentence in the Government report that gave rise
to this idea was, * That it (the contamination) might
have affected an entrance at Mulkowal, cannot be
disputed ; thus, by way of illustration, the stopper or
the forceps might have been dropped on the ground
and applied to the mouth of the bottle with contami-
nation adhering, or spores settled between the rubber
stopper and the rim of the bottle might have dropped
in as the stopper was pulled out.” The Governing
Body m-crln:.-nfed the fact that the Commission subse-
quently considered this possibility as one cancelled by
other considerations. But in this respect the Govern-
ing Body are bound to say that they cannot fully
concur, and while holding to their view of the proba-
bility, they think Mr. Haffkine has a right to claim
the benefit of the doubt, especially in view of the fact
elicited that the forceps used for drawing the cork at
Mulkowal were dropped on the ground, and subse-
quently re-used by the operator on the same cork.

“The Governing Body also regret that in the first
paragraph of the section of their report dealing with
the probable origin of the tetanus virus (p. 3)* to which
Mr. Hafikine draws attention in his letter of Feb-
ruary 1dth, the words “the fact” were drafted
into the sentence. The words should have been
omitted and the sentence should have run, ** But that
a botile, presumably tightly corked, should contain
enough tetanus growth to destroy nineteen people,
and yet not be accompanied by sufficient smell to
arouse the suspicion of Dr. Elliot, who, according to
his evidence, remembers smelling this particular bottle,
is difficult to eomprehend.”  Mr. Haftkine is certainly
entitled to this correction, though the argument in his
favour was already clear from the context.”

It iz evident that the Lister Institute refrained
from a declaration of the conclusions which were
obvious and must appear to every one inevitable, viz.,
that the bottle of prophylactic was not originally
contaminated as it left the laboratory; that the con-
tamination is divectly attributable to the opening of
the bottle by a forceps that had been dropped on the
ground during that operation; and that the accident
was due to the contaminated forceps not having been
flamed before being applied again to the bottle.

J. G
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THE DOCUMENTS ON THE MULKOWAL
- ACCIDENT.
SUMMARY OF MR. HAFFEKINE'S EVIDENCE.
No. 258, dated February 4, 1903.

From W. M. Haffkine, Fsq., C.I.E., Director-in-Chief,
Plagne Research Laboratory, Parel, Bombay, to
the Secretary, Commission of Enquiry into the
Mulkowal Tetanus Case.

In connection with my evidence to the Commission
on the case under consideration, I have the honour to
[forward atfached papers, and to] summarise their
contents as follows :—

n * * * ; " s

Referring to the Mulkowal 1:::|isf01'?uue, 1 enumerated

in my evidence the facts which go against atiributing
the tetanus contamination to the Laboratory.

As to what was the real origin of the tetanus there,
1f is not possible for me to say at present. Speaking
in the abstract, it might be a needle contaminated on
the outside, or having a contaminated nozzle, and
which escaped effective sterilisation, and was used for
those nineteen persons alone ; or a contaminated por-
tion of earbolic lotion used for washing the needle in ;
or a particular pad which was contaminated, and used
only on those persons. Contamination might have

t into the bottle either from the needle, or by a gust
of wind suddenly raising a heavy dust, or by an
assistant stoppering the bottle with a contaminated
finger for shaking it, &c. The objection I mentioned
against a tetanus culture having been drawn into the

ringe is maintainable in vegard to such a culture as
}giu;rl by Major Semple.! If, on the other hand, con-
famination was introduced just before the syringe was
Jilled, the amount of it may have been such as to admit
of the rinsing of the syringe vendering it innocwous ;
and so on.

It is impossible for me to make more than guesses
on all these points. It would be very important, if
‘that is possible, to find out which of the enumerated
or other possibilities actually oceurred, or to think out,
as we are always trying to, which of such possiblities
‘may oceur, so as to add to the technique of the opera-
{tors such precautions as may obviate similar occur-
irences. At the same time, the objections mentioned
'in my evidence, to a.dm'ttniuﬁ that the tetanus con-
‘tamination occurred in the Laboratory, must stand
‘independent of our ability or otherwise to find out
“how it actually ocenrred.

. The absence of smell al the time of testing the bottle
. Mulkowal, and the presence of that smell when ex-
aniined in Kasauli, point to the contamination having
‘occurred after the bottle was opened in Mulkowal.

. Regarding the possibility of conferring tetanus by
‘minute quantities of tetanus virus, I beg to refer to
Vaillard and Rouget's experiments (Annales de I Tnstitut
Lasteur, 1902, pp. 406 and 417): cultures made of
_.f.a.uus-]ilmﬂuciug earth revealed the presence of some
‘Iwo or three tetanus microbes in a particle of carth
‘Bufficient to cause tetanus to a guinea-pig.

. From the same publication (pp. 415 and 4186), it
‘Will be seen that several animals infected with such
contaminated earth mway exhibit a disease of equal
geverity. The fact, therefore, that in the cases in
Mulkowal the incubation period did not differ more

' Vide p. 57 under (9).

than it did, does not render necessary the conciusion
that the disease was caused in them by absolutely
equal doses of virus or toxino.

EVIDENCE GIVEN BEFORE THE COMMISSION OF
ENQUILRY BY DR A, M. ELLIOT, INOCULATING
OFFICELR,

At Mulkowal I had two syringes and four needles in

' M58

I had used one of the syringes the previous evening ;
I had used both on the 27th. I cannot teli of which of
the two I had used first at Mulkowal. I had used
these four needles on the 27th and 29th. I disinfected
the four needles every day, and used two out of the four.

At the cloze of the operations of the 27th I gave
both the syringes and the four needles to the com-
pounder, who was supposed to clean them out. I did
not see him elean them out. When we first started
inoculating on October 10th I saw him clean them out.
I had to teach him the routine I wished to be observed,
and I did the cleaning at first myself.

My procedure® was as follows: I removed the
needle fromn the syringe, and put it in the carbolic
lotion which had been prepared that day; it was
different from that used to swab the patients’ arms.

This earbolie lotion had only been used during the day
to dip the lint in for putting on the seat of inoculation,
placing the spare needlesin it, and rinsing the syringe.

Then I filled my syringe with carbolie lotion, and
put the needle I had just been using on the syripge
again, and I squirted the lotion through the needie
once, Both syringes were treated in the same way,
and the needles.

Then the needle was removed from the nozzle of
the syringe, and it was placed in its case. I removed
the needle with my hand. 1 then took the needles from
the lotion with my hand, and placed them in the case.

The syringe was also placed in the case. This
is how I taught the compounder to do the work.

The cases containing the syringes and needles were
replaced in the box.

On QOctober 30th I got syringes and needles which on
the previous day of use had been presumably freated
in that manner by the coinpounder.

I have a distinet recollection of the 30th. I did
my work then in the open under trees on the out-
skirt ; it was surrounded by houses on three sides; it
was about 30 feet by 40 feet; the backs of the houses
looked over it ; there were cattle on the other side.

There were no animals excepting my horse, which
was being walked about; I bad ridden up, the
compounder had walked across; the square was
hard ground; I do not remember seeing droppings of
animals.

My bottles? and instruments were placed on a table
brought over from my camp; it was carried by
coolies . One coolie earried it. By the time
I arrived everything was ready; this was done by
the compounder.

Everything was lying on the table, the syringes
and needles in their cases ready for me to tuke
thém out; the cases were not open. The oil was
in a small metal vessel and a spivit lamp

e —

' At the close of each 'dny's operations.
* Apparently bottles of carbolic lotion, vide below.
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and probably one or two bottles of the
lotion. The lotion would be poured out into the
vessels which had previously been in the box in a
special partition.

When [ arrived the lamp was lit and the oil
was placed over it; then I took a case with a syringe,
took out the syringe, filled it with carbolic which
had been prepared by the compounder, then I took
my case of needles and placed them in the oil;
I did not wait until the oil was heated. The
syringe with the lotion was in the bowl or leaning
against it, and it so remained until 1T put the needle
on. The other needles and syringe were treated in
the same way.

I squirted out each syringe twice, onece with and
once without the needle. After the second rinsing
out, the syringes with the needles on them were
placed in the bowl.

There were people there, and as soon as they
were ready I filled syringe No. 1 with prophylactic.

For that purpose I told the compounder to give
me a bottie; [ looked at it and gave the brew
number and dose to the clerk. I passed it back to
the compounder who opened it with forceps which
was lying in the same bowl of earbolic; the forceps
had before that been placed in the hot oil to remove
the needles.

I remember looking at the stopper and paper ; both
were intact ; there was no sign of leakage ; before that
[ had noticed bottles with the stoppers prised out.

When the eompounder opened the bottle be
handed it to me to smell; I am sure it was the
compounder and not a villager; a villager has
never assisted me to open the bottle ; I would not
trust him ; I would not trust the compounder without
his being under my eye.

[ remember smelling thishottle ; I perceived nothing ;
my sense of smell is acute; prior to October 30th I
had disearded a bottle on the ground of bad smell.

(We test Dr. Elliot with certain bottles, including
the Mulkowal bottle.)

I cannot specialise the smell.

[ did not perceive a smell like any of these. Prior
to this the compounder had shaken the bottle before
opening. He did not drop the cork. He did not
shake the bottle with his finger on the mouth ; I was
watching him.

I never told him to put the mouth of the bottle
in a flame, or in hot oil, or ecarbolic lotion before
removing the stopper. I cannot tell whether on this
aecasion he put the mouth in earbolie.

After smelling I passed the bottle back to him
and I took my syringe out of the lotion and filled
it with the fluid. Then he restoppered the bottle—
whether he had previously swished the stopper
through earbolie or not I ecannot tell—then placed
the bottle on the table and the foreceps in the
earbolic.

I then operated on the first man almost im-
mediately, and he was followed by thirty or forty
persons without any substantial break. With the first
gyringeful I must have inoculated about twelve
people ; T did them with the same needle. T }?mlmhl}'
dipped my needle into the carbolic after each inocu-
lation. When the syringe was empty I went on

continuously; I told him to open the bottle. He
did so, and [ filled my syringe with the same needle
on; I did not change my needle between each
syringeful.

Between the syringefuls I did not draw any
carbolie into the syringe.

[ filled the syringe a second time in the same
way, and followed the same procedure. I cannot
account for the compounder giving a different
version; at Shadiwal some days before, owing to
pressure of work the Deputy Commissioner sug-
gested that the compounder should fill a syringe;
I allowed him to do so, but it was done so badly
that I squirted it out. On no other occasion did
the compounder fill the syringe.

The second syringeful exhausted practically all
that remained in the bottle.

When I finished it I filled my syringe with carbolie
from the basin and put it down, leaving it full; it
remained full until the second bottle was finished.
That would be about three or four minutes.

At the third bottle I took up syringe No. 1 again:

I squirted the lotion on the ground and filled my
syringe from bottle No. 3, using the same needle;
I am positive | used the same needle. 1 then used |
the whole of bottle No. 3 with syringe No. 1; there
would be about sixteen people so incculated. Of these
sixteen none exhibited tetanus. Some inoculated with
bottle No. 2 exhibited hysterical tetanus; it was
fright that eaused these symptoms.

I was told there had been no tetanus in the
village. 1 did not wipe the needle with a piece
of lint before each inoculation; I swished it in
the lotion.

The arm of each patient was washed by the
chaprassi, with lint dipped in earbolic 1 in 20; he
used the same piece of lint probably the whole day.

A villager may have placed the lint on the arm
after inoculation.

I think the tetanus contamination must have been
in the prophylactic. ;

I think the earbolic acid which was in the syringe
for three or four minutes would sufficiently wash
out the syringe to aceount for the freedom from
attack of those inoculated with the third bottle. I
attribute this to the mechanical action of the rinsing;
for this purpose it would be equally efficacious to
rinse out with sterile water.

My syringes had been in use since October 10th. I
used my Mulkowal needles on the 27th; none of the
persons inoculated on the 27Tth showed tetanus
symptoms.

The needles were in the oil about one minute after
it began to smoke. It begins to smoke at aboub
150° C. It was olive oil ; a new lof. !

I found loose stoppers at Shadiwal ;
the bottles. ¥
I think looking after the syringe and needle is the

most important.

I have often seen the compounder swish the mouth
of the bottle in carbolic.

I saw all the cases but three; there is no doubb
it was tetanus.

I got the Mulkowal needles about the 20th; they§

were nob rusty.

I discarded
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It was by the restriction on the corks that I judged
they had been prised ouf.
I have never heard a stopper come out with

a pop.

ME. HAFFEINE'S OBSERVATIONS ON DR.
ELLIOT'S EVIDENCE.

(Appendices (2) and (3) fo letter dated February 14,
1906, p. 54.)

Tee Opovr oF A Teraxvs CULTURE.

The French say about this odour, * Odeur infecte ;
tout & fait désagréable; trés caractéristique.”

Lieutenant-Colonel Semple ascertained for Sir L.
Jenking’s Commission whether, indeed, tetanus,
notably the particular specimen received from Mul-
kowal, growing in the Bombay water-agar prophy-
lagtic bottles (as distinet from usual laboratory

. cultivation media), gave out a smell. He examined
his bottle seven days after contamination. The result
of one of his trials is given in the Commission’s re-
port, Appendix A, Experiment 5.

In the Mulkowal bottle the tetanus bacillus was
found together with a micrococcus. This condition
was realised in another experiment of Lieutenant-
Colonel Semple’s, viz., Bxperiment 6, same Appendix.

In another instance the air was rigorously excluded
from the culture ; Experiment 7, same Appendix.

In another, irm.l:naa’mij of associating with tetanus a
micrococens, a different variety of bacteria, a cocco-
bacillus, was taken ; Appendix B, bottle No. 1.1

The Lister Institute ascertained whether the smell
was present after three days ; the result is stated in
Appendix D? to their report, which refers to experi-
ments with full bottles of prophylactic, so as to exclude
air, the contamination being effected with tetanus
alone. Then they made experiments with full and
with hali-full bottles, the contamination being done
with tetanus microbes associated with another
bacillus.

Then (Appendix E) they made experiments with 1
ce. of prophylactic left as a remnant in a bottle of
30 ce., 50 as to see whether the characteristic smell
would develop in a bottle contaminated at the time of
use and emptied directly afterwards of most of its
contents, as would correspond to the Mulkowal eir-
camstances,

In every instance a contaminated bottle opened
seven, four, and three days after contamination ex-
hibited the characteristic tetanus smell.

The compounder who assisted the inoculating officer
at Mulkowal said on evidence, when desecribing their
procedure : ** Dr. Elliot took out a bottle from the box

- and gave it to me, that was the first thing in the

- morning. I was to open the bottle . . . I then
kook cut the cork with the forceps. I kept the cork
Erl:tl} the forceps in my hand and Dr. Elliot smelt the
ottle.”

The Inspecting Inoculation Officer, in his report on

. the accident, said : ** Dr. Elliot, European Incculating
Officer, inoculated 107 persons at this village on

' P. 43.
* Pp. 45 et seq.

Oetober 30th, in the forenoon. He seems to have
taken great care in performing the operation and even
went so far as filling his syringe with earbolic acid
solution after using up each bottle. This is a pre-
caution I have not known others resort to.

The Judicial and General Seeretary to the Govern-
ment of the Punjab, in reporting the accident to the
Government of India, in the Home Department, ex-
pressed himself as follows : ¢ Dr. Elliot, the inoculator,
adopted every necessary precaution to gunard against
aceident. and he had no reason to suspect the fluid on
account of its smell or appearance, or on any other
account whafsoever. He was so sure of its harmless-
ness that he, in a practical way, signified to the people
his own readiness to be inoeculated with 16
The Ideutenant-Governor desires to place on record
the admirable manner in which Dr. Elliot has con-
ducted himself throughout."”

The following was the Punjab Chief Plague Medical
Officer’s statement : ** Before commencing to inoculate
at Mulkowal on October 30th, he (Dr. Elliot) offered
to be inoculated himself in order to gain the confidence
of the people, and had actually bared his arm for the
operation, when the people said they would be inoeu-
lated without this When the news of the
catastrophe was received, Dr. Elliot did all in his
power for the unfortunate sufferers, and his devotion
has done much to convince the villagers that the
calamity was the result of an accident only, and to
prevent any outburst of feeling against the Govern-
ment.”

The details regarding the condition of the bottle at
the time of using it were, in Dr. Elliot’s description,
the following: “ I went to Mulkowal on Thursday,
Oectober 30th. I took the precautions I had already
described as being my general method. I am sure I
did not omit any of them. I began my operations
that morning with 53 N; I smelt the bottle and
noticed nothing ; nofhing interfered with my power of
emelling. I was on the look-out, as T had disecarded a
bottle from the same box the previous week :
I have a good sense of smell, and I am positive the
bottle did not smell.”

The above is from Dr. Elliot’s evidence given by
him in the Punjab. Subsequently he and his com-
pounder were asked to come down to Bombay and
appear before the Commission again. I was present at
their giving evidence,* and I find in the records correctly
recorded Dr. Ellict’s saying : * When the compounder
opened the bottle he handed it to me to smell . ;
I remember smelling the bottle ; I perceived nothing.
My sense of smell is acute. Prior to October 30th
I had discarded a bottle on the ground of bad smell.”

But after this passage an abbreviation of the
records follows which seems to me to render possible
a misunderstanding and which, as a matter of fact,
has led to one.

The lines which follow in the records of Dr.
Elliot's above declaration are these :—

(** We test Dr. Elliot with certain bottles, ineluding
the Mulkowal bottle.”)

“ T cannot specialise the smell.”

“I did not perceive a smell like any of these.”

Pp.3endss.
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The words are authentie, but by the omission of
detail, this part of tha record has aequired, I think,
an effect divergent from that which it had ; and this
circumstance 1s reflected in the Commission's subse-
quent pronouvcement on this matter.

I reproduce herewith the corresponding part of the
evidence, and vouech for the faithful aceuracy of
every portion of my narrative. The following were
the details . —

In answering questions put to him, Dr. Elliot
informed the Commission that he knew the slight
odour' which the ordinary prophylactic had. When
on plague duty in the Bombay Presidency and in
Sind, prior to his engagement in the Punjab, he
worked with that prophylactie, and was well familiar
with its properties. On the other band, the new
preparation used in the Punjab was odourless. The
botties he dealt with at Mulkowal had no smell of
any kind. He remembered the first hottle distinetly.
He was going to be inoculated from it himself. He
was in no way in a burry at the time; the work
had not yet begun, and he made his preparations
at leisure.

The Commission then placed before him three
bottles, and asked him to examine them and say what
he thought of them.

He picked up one, smelt it, and did not say whether
it was good or bad, but put it aside. Then he took
up another, and said he thought be might pass that
bottle ; returned to the first, and said he was not sure
of that one, as it had some sort of smell. Then he
took up the third bottle, smelt it twice, and said that
was a bad bottle. '

The President asked him whether he was sure of
this ; would he reject a bottle of that kind? And the
reply was, he was sure he would. The further
question was, could he specialise the smell in that
bottle ? To this Dr. Elliot replied that he could not.
The President then asked him whether he was familiar
with the smell of a tetanus culture, and Dr. Elliot
said that be was not. The further question was
whether be ecould say that the Mulkowal bottle did
not smell hike the one just before him, and he replied
that in the Mulkowal bottle he found no smell of any
kind, neither hke that in the botile he thought bad,
nor in the one which he was not quite sure about;
and then he smelt the condemned bottle again, and
said he was certain he would have never used on
any man, nor on himself, a bottle like that one.

The President then told him that the bottle he
thought bad was the Mulkowal bottle. To this Dr.
Elliot made no reply ; and it appeared that the two
other hottles were, one of broth prophylactie, in this
Dy, Elhot bad indicated a slight odour ; and the other,
of water-agar prophylactic.

It seems to me that the above part of the evidence
has been inadequately rendered in the two sentences
put on record, viz. :—

#“T eannot specialise the smell.

I did not perceive a smell like any of these.”

It will be also seen that this portion of the evi-
dence can be vestored by taking as witness any
average person and making him go through. the same

! Due to the carbolised peptone or broth medium.

examination with similar bottles as gone through on
the above oceasion by Dr. Elliot.

The misunderstanding which I have alluded to
above is this: had the Commission preserved on
record the above details, the following two points
would, amongst others, have been kept before their
consideration :— .

(1) The missing details put in evidence the differ-
ence between pereeiving—detecting the presence of—
a disagreeable smell, on the one hand, and on the
other, * specialising '’ it, i.e., defining the particular
fermentation by which it is produaced.

(2) They indicate the difference between the water-
agar prophylactic used in the Punjab, and which has
no smell, on the one hand, and the ordinary peptone
broth prophylactic, in which the slight odour proper
to the peptonised meat is mingled with that of a
3 per cent. carbolic acid added to that prophylactie.
Dr. Elliot showed that, bad he been dealing with the
latter variety, he would have differentiated a tetanus
contaminated bottle, such as bottle 53 N was at the |
time of his examining it in Bombay, from amongst
normal bottles. But, in reality, when working in the
Punjab, notably at Mulkowal, he was not decn,hg,:ig
with that variety of prophylactie, and, as Le said,
expected a total absence of odour in every botile
which he was scrutinising.

EVIDENCE GIVEN BEFORE THE COMMISSION OF
ENQUIRY BY NARINDAR SINGH, DR. ELLIOT'S
COMPOUNDER. -

The needle never fell.
without Dr. Elliot's orders.
Dr. Elliot always did so. _

I never noticed a stopper come out with a pop.

T noticed loose ecorks. Dr. Elliot used to sce them.

The prophylactic in those bottles was used.

The cork at Mulkowal was not loose.

I remember it was a very tight cork, and the
foreeps fell out of my hand on to the grlauml.

I cannot say whether Dr, Elliot saw it.

I swished the forceps in the lotion, and then pulled
out the cork with 1t.

I never mentioned this to any one before.

The circumstance was recalled when I was asked
whether the cork was tight.

I am certain it happened to the first bottle at
Mulkowal.

I never gave it a thought before.

I am eertain 1 dropped the forceps; the forceps
also fell on to the ground in Gujarat itself ; it was ab
the fourth bottle.

The forceps has fallen down on many other oceasions.

I do not remember being asked whether the cork
was dropped. ‘ .

The cork used to fall very often; and it was put in
the antiseptic.

I did not drop it at Mulkowal. ‘

Foreeps may bhave fallen at other places besides
Mulkowal and Gujarat, but I have no recollestion. I
do not know any one now alive who saw the forceps
drop. .
.'.l!:{m cork had begun to move when the foreeps

dropped.

I never opened a bottle |
I never smelt the bottle ;
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ME. HAFFEKINE'S OBSERVATIONS ON THE CIR.
- CUMSTANCES IN WHICH THE MULKOWAL
ACCIDENT TOOK PLACE.

(Letter of February 14, 1906, p. 49.)

The eircumstances of the operation as carried out
on the occasion in question were divectly conducive to
an accident ; and the latter was rendered possible by
the  technique prescribed to the Punjab operators,
which substituted a process of momentary submer-
sion (“ dipping ") in carbolic lotion for sterilisation by
boiling and burning as preseribed by the Laboratory.

Tetanus germs are derived in MNature from the soil
and from manure of herbivorus animals, such as eattle
and horses. The two schools of writers on the sub-
ject, the felurists and eguinists, are only divided on
the point as to whether the soil primarvily infects
forage and the intestinal tract of animals, or animal
manure infects the soil. A culture of tetanus goes on,
however, in both these media. The presence of
tetanus germs has been detected in a eertain number
of instances also outside their breeding ground ; but
under the effect of light and oxygen, ¢.g., when carried
with dust into the air, pathogenic germs rapidly lose
their specific properties; and one has to go to the
particular medium or animal 1in which a microbe has
its appropriated habitat to find it in Nature. Thus,
glanders is practically never contracted outside stables,
or without contact with diseased animals; anthrax,
outside wool and hide factories ; the risks of tetanus,
in common life, are only thought of when, in a riding,
bhievele, or motor-car, accident, a wound is inflicted
goiled with earth or stable manure ; and a surgeon
thinks of these risks when he is obliged to operate
in the open, or in a place exposed to gusts and to
freshly raised earth particles.

The technique preseribed by the Laboratory for
guarding against accidents was contained in a set of
printed instructions enclosed in each box of prophy-
lactic bottles. The portion indicating how the latter
must be opened without contaminating their contents
was recapitulated again upon a strip of coloured paper,
pasted around each bottle in such a way as to render it
necessary for the operator to deal with that strip before
getting at the stopper. I think it desirable to repro-
duce here the corresponding part of these instructions.

Aceording to these the hypodermic needles are to be
sterilised either together with the syringe, after being
fixed on the body of that instrument, notably by
means of hot oil, as recommended by the Government
of India; or else separately from the syringe, by boil-
ing in a cup of water or in a test-tube for ten minutes
before use. The instructions prescribe that this * pro-
cedure is to be repeated every time a needle happens
to fall on the ground during the operations, as the
ground dust contains davgerous micro-organisms.
After boiling, the needle is not to be touched with the
fingers, but taken out with a pair of forceps, the points
of which have just been heated in a lamp.

‘ Dissecting forceps are to be used for removing
the stopper. The branches of the forceps are heated

in the flame of a spirit lamp immediately before use,-

and guarded from contact with-any unsterilised object
afterwards. - _ :
© ““Phe stopper and neck of the bottle -are then

passed several times through the flame of a lamp, so
as to cauze very slight singeing of the stopper; and
the latter is withdrawn with the heated forceps. After
the boftle is opened any contact between its mouth
and other, unsterilised, objects is to be carefully
avoided; and if contact inadvertently occurs, the mouth
is to be heated again in the flame to disinfect it. The
contents, or part thereof, to be then absorbed into the
syringe. The bottle is kept as nearly horizontal as
possible during the whole time the cork is out. Dur-
ing the time the stopper is withdrawn from the bottle
it should be held in the sterilised forceps, and care
taken not to let it touch the table or other unsterilized
object. It may, however, be deposited in a dish of
carbolic solution, if assistance is not to be had, until
replaced in the bottle.”

The Punjab Plague Manual, 1902, issued to the
operators shortly before eommencing operations, and
regarding which I was not consulted, entrusted the
handling of the fluid to Indian compounders and
partly to villagers; and substituted for the above
Laboratory instructions, notably for that portion
which pertained to the manipulations entrusted to
these assistants, the following simplification, in
which, as stated, dipping in earbolic is prescribed in
place of sterilisation by burning :—

INSTRUCTIONS REFERRING TO THE INOCULATOR.

“ Having arranged his apparatus, the inoculator
sterilises all the needles he intends to use by dropping
them into oil heated to 160° C.

“ After immersing his needles in the heated oil, the
operator should place them in earbolic lotion until
required for use.”

INsTRUCTIONS REFERRING TO THE COMPOUNDER OR
VILLAGER.

“The compounder in proceeding to open a bottle
must shake it well, then dip its neck into carbolic
lotion, 1 in 20, and then with a pair of dissecting
forceps, which, when not in use, are to be kept in the
carbolic lotion, remove the cork, holding the bottle as
horizontally as possible without spilling its contents ;
the cork is to be kept in carbolie letion while the
syringe is being filled, and is to be replaced imme-
diately after. If there is great stress of work, the
duty of actually opening the bottles may be entrusted
to any intelligent person, care being taken te see
that he observes the above instructions ecarefully.”
(Report on Plague and Inoculation wn the Punjab from
October 1st, 1002, to September 30th, 1903, by Major
E. Wilkinson, I.M.8. ; p. 32.)

Unfortunately, while microbial germs and their
spores are devitalised by heat long before organic
matter, which constitutes their substance, begins to
get singed, not alone dipping in carbolic of 1 in 20,
but a ten hours’ submersion in that antiseptic has been
shown to leave the spores the faculty of caunsing
tetanus when injected into animals.

The technique of the Manual appears to have
been from the first corrected in actual practice by
many of the inoculators, in some eages in essential, in
others in less essential details. In certain instances,
however, even the Manual's prescriptions were eon-
sidered superfluous (vide the Punjab inoculators’
evidence, S L. Jenking's Commission). -

revi mhm mmatosbr &
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The eircumstances in which the inoculations were
done at Mulkowal have been deseribed by Dr. Elliot,
the inoeulating officer, and his assistant in the follow-
ing words : —

Dr. Erwior's evidence: 1 did my work in the
open, under trees, on the outskirt; it was surrounded by
houses on three sides ; it was about 30 feet by 40 feot,
the backs of the houses looked over it; there were
eattle on the other side. There were no animals
excepting my horse, which was being walked about

The square was hard ground. I do not re-
member seeing droppings of anmimals. My bottles
and instruments were placed on a table brought over
from my camp. DBy the time I arrived everything was
ready; this was done by the compounder. When
the compounder opened the bottle he handed it to
me to smell. I am sure it was the compounder, and
not a villager; a villager bas never assisted me to
open a bottle ; 1 would not trust him; I would not
trust the compounder without his being under my
aye.”

When Dr. Elliot was opening a bottle personally,
he, in accordance with the preseriptions of the
Manual, ** did not heat the neeck of the bottle before
opening ; he placed it in earbolie solution.”-

The compounder, on his part, stated: ** I opened
it according to the instructions in the Manwal. 1
took off the label with a foreeps; 1 always did so.
[ shook the bottle and put the neck into ecarbolic
lotion. I then took out the cork with the forceps.”

While he thus followed the Manrual’s technique
and was entrusted with the handling of the fluid
(chapter iv., paragraph 32 [8] of the Manuali:
* The opening of the bottles of prophylactic and the
filling of syringes are the chief duties of the eom-
pounder '), he showed his concern about the dangers
of soil contamination in general, and deseribed the
occeurrences ab Mulkowal in the following words :( —

“ | noticed loose corks—Dir. Elliot used to see them.!
The prophylactic in these bottles was used. The cork
at Mulkowal was not loose, 1 remember it was a
very tight cork, and the forceps fell out of my hand on
to the ground. I eannotsay whether Dr. Elliot saw it.
[ swished the forceps in the lotion and then pulled
out the eork with 1it. 1 never mentioned it to any one
before. The circumstance was recalled when I asked
whether the cork was tight. I am certain it happened
to the first bottle at Mulkowal. I never gave it a
thought before. 1 am eertain I dropped the forceps ;
the forceps also fell on the ground in Gujarat itself:
it was at the fourth bottle. The forceps has fallen
down on many other occasions.® I do not remember
having been asked whether the cork was dropped. The
cork used to fall very often ; and it was put in the
antiseptic. I did not drop it at Mulkowal. Forceps

i D, Elliot judged by the ** regtriction on the cork ™ that a
certain cork ** bad been prised out.” The restriction was seen
when a cork from a bottle with a larger veck was uzed, on o
subsequent occasion in once with a narrower neck.

“The details of this reply were as follows: On bis having
made the statement above, the Commizzion azsked him whether
he was aware of the geavity of what he was saying, and knew
that by having picked up the forceps from the groond and used
it in the way he did, be might have been the eanse of the death
of nineteen people.  To this he replied : © Why should T be the
coause of the death of these people ?  The forceps fell on many
other oeensions and nobody died, ™

may have fallen at other places besides Mulkowal and
Gujarab, but I bave no recollection.! I do not know
any one alive who saw the forceps drop.! The cork
had begun to move when the forceps dropped.”

. « . . Besides the Mulkowal accident, and prior
to it, 10 instances of fatalities following close upon in-
oculation, and one of which was a death from tetanus,
as well as a certain number of minor aceidents, notably
abseesses, attended the Punjab inoculations of that
month. . . . These fatalities oceurred in single indi-
viduals inoeulated from different bottles of prophy-
lactic. In none of the cases did any other person
inoculated from the same bottle suffer. . . . All these
cases took place prior to the revision of the inoculation
technique ; and no fatality coincident with the injee-
tion, and at the same time standing in no possible
connection with the kind and quality of fluid sup-
plied from Bombay, eame to light in the subsequent
370,000 inoculations of that season.

REFPORT OF THE IXDIAN COMMISSTION OF EN-
QUIRY ON CERTAIN INOCULATION CASES
WHICH PRECEDED THE MULKOWAL ACCT.
DENT, ANT» ON THE ORIGIN OF THE LATTER
ACCIDMENT.

“In the letter of reference it is said: * From the
information before the Government of India, the first
intimation of danger appears to have ecome from the
Laboratory itself, the authorities of which telegraphed
to recall a consignment of fluid sent to Ludhiana. |
During the next few days the contents of numerous |
bottles were diseovered hy operators in several different |
districts to be putrid, and at least four deaths and
several instances of ahscesses occurred after inocula-
tion in circumstances which gave rise to grave suspicion
that they were due to the employment of contaminated
fluid. In one instance, at least, an inoculated person
died of tetanus.’” As this passage is relevant to the
question of contamination, we deal with 1t abt this
stage: (a) In the first place the consignment of fluid
to Ludhiana was recalled merely because it was found
by the clerical staff that there were two brews of the
same number, (b) Judging from the practical tests,
to which inoculating officers were subjected in our
presence, their pronouncement as o putridity must
be aecepted with considerable reserve. (¢) It was
admitted by the Punjab officers, and seems to be the
case, that the four deaths and several instances of
abseesses, to which the letter alludes as giving rise fo
grave suspicion that they were due to the employment
of eontaminated fluid, eould not be attributed to that
suggested cause. There no doubt have been Sm‘emfl
instances of abscesses beyond those to which the
letter alludes, but from the facts before us it is impos-
sible to conneet them with the fluid rather than with
defective inoculation. . . (d) We are satisfied
that the isolated case of death from tetanus eanuob
be aseribed to contaminated fluid.

3 The Commission pressed the witness to substantiate his
statement by giving the names of the villages and the number
in the order of bottles at which mishaps ocourred, and he red
plicd that these particulars he could not reeall (not that he
eould not reenll whather forceps had fallen at other places). L

i He said the lnmbardar (head villager) who assisted him af
Mulkownl was dead, and he did not know whe ¢lse might hava
seen the forceps drop.
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As a prelude to our diseussion of the thirteenth and
fourteenth issues' we will briefly state the salient and
undisputed facts relating to the death of the nineteen
persons after inoculation at Mulkowal. They were the
first to be inoculated on the morning of October 30th
and the only persons incculated from a bottle marked
93 N. The operation was performed by Dr. Elliot,
his assistant being the compounder Narindar Singh : in
all tetanus symptoms were manifested on November
dth or 5th; and all died between the 6th and 9th
inclusive. There is a conflict of evidence on the
poiiit, but after careful consideration we have ecome to
the conclusion that the nineteen persons were all
inoculated with one and the same syringe.

. The two broad alternatives with regard to the seat
of the specific contamination are that it either was in
the prophylactic fluid, or it was not; for, notwith-
standing the form of the thirteenth issue, the second
of these two hypotheses cannot be regarded as outside
theoretical possibility. If not in the fluid the con-
tamination may have been (a) on the needle, (b) on
the arms of the persons inocculated, or {:i) introduced
in the process of washing those arms. In support of
this alternative instances were cited in which a
number of suceessive persons or animals are reported
to have been affected with tetanus by the repeated
use of the same instrument. An objection common
to all these suggestions is the precise concurrence of
the incidence of the attack with the use of the fluid of
this parvticular bottle. Thus to deal first with the
theory that the needle may have been the seat of the
mischief, it is a remarkable circumstance that the
eontamination should have survived only so long as
bottle 53 N was in use, and then have ceased to
manifest itself. To proceed with the needle, it was
placed in smoking-hot oil before operations com-
meneed ; this should in the ordinary course have
sufficed to completely sterilise it. Then Lieutenant-
Colonel Semple has made an experiment in which a
gimilar needle dipped in a tetanus culture, and used
immediately afterwards on a guinea-pig, failed to
dmpart tetanus; this shows that a contaminated

needle would not necessarily convey tetanus in all .

cases. The contamination eould not have been trans-
ferred from some infected material to the needle
between the several inoculations, as the evidence
establishes no such material was ever used. We
think the possibility of the mischief having been on
the arms of the nineteen persons, or imparted by the
material with which the arms were washed, too
remote to be accepted in the circumstances of the
case. We have dealt with these hypotheses as fair
samples of what might be advanced 1in support of the
alternative that the misehief was not in the fluid, and
pot as an exbhaustive catalogue of possibilities; but
we regard them as so typical as to render further
enumeration needless. There is also the important
circumstance that on the examination of the bottle at
Kasauli it was found to contain tetanus bacilli, and
though not absolutely conelusive on the point, we
have always regarded this fact as strongly suggestive
of the inference that the contamination was in the
’ﬂmd.l We are now confirmed in thiz view by the
experiments set out in Appendix B (bottle }P‘u. 4,
Experiments 7 and 8)* which establish that, though

! Concerning the Mulkowal accident, R

there were tetanus germs in the § cc. of the fluid lefs
in the bottle No. 4, the conditions in it when thus
emptied did not permit of their growth, and this
points to the conclusion that the bacilli found by
Lieutenant - Colonel Semple in the Mulkowal bottle
were the result of a growth that bad taken place in
the fuid.

If the matter had rested here, we should have
regarded it as the only reasonable inference, that at
some time or other the specific contamination had
been introduced into the fluid. But the evidence
shows that this same syringe was used after an
interval of a few minutes and that the persons inocu-
lated by its means from another hottle are not known
to have manifested any symptoms of tetanus. On
this fact has been founded the argument that the
freedom from tetanus of those subsequently inoculated
is ineonsistent with the theory that the specific con-
tamination eould ever have entered the syringe!; for if
so contaminated, it is urged, its sterilisation could not
have been completed by being merely rinsed out with
carbolic acid of a strength of 1 in 20. The experi-
ments that have been made by Lieutenant-Colonel
Semple, appended to this Report, show, we think,
that the argument is so far well founded, that, where
a fluid containing a culture of tetanus is used, the
syringe, even after it has been washed out with a
1 in 20 solution of earbolic acid, may retain enough
contamination to affect fluid with which it is subse-
quently filled. The extent, however, of its influence
varies according to the richness of the growth between
fatal results and absence of all manifestations. There
are no means of forming an opinion as to the precise
richness of the growth in the bottle 53 N beyond
Lieutenant-Colonel Semple's view that it was a poor
growth in comparison with that which he used in his
Experiments Nos. 1 and 2 in Appendix B.* This view
is based on (1) microscopical specimens, and (2) the
rapidity of the fatal effects on guinea-pigs. We,
therefore, are unable to aceept the argument that the
freedom from tetanus of those persons subsequently
inoculated shows that the specific contamination could
not have entered the syringe, and after full considera-
tion we think the contamination was in the fluid.
Mr. Haffkine's experiments, Appendix C,'in no way~
disturb this eoneclusion.

Tf the contamination was in the fluid, then it must
have found its way there either before or after the
bottle was opened at Mulkowal. That it might have
effected an entrance at Mulkowal cannot be disputed ;
thus, by way of illustration, the stopper or the forceps
might have been dropped on the ground and applied
to the mouth of the bottle with contamination adher-
ing, or spores, settled between the rubber stopper and
the rim of the bottle, might have dropped in as the
stopper was pulled out.

In favour of the view that the mischief happened at
Mulkowal, reliance has been placed on (a) failure to
observe a smell, (b) the absence of explosive noise, or,
to adopt the language of one of the witnesses, the
fact that the stopper did not come out with a pop, and
(¢) the tardy manifestation of the tetanus symptoms.
No doubt the presence of tetanus, at any rate in a pure
culture, may be detected by one experienced and on
the alert, by its characteristic smell; our personal

i 1P, 43,

' Vide App. O, p. 44,
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observation. however, leads to the conelusion that all
bottles of plague prophylactic have a peeuliar and not
agreeable smell, so that Dr. Elliot, under the cireum-
stances in which he was working, may well have
failed to specialise a tetanus smell. The failure to
perceive a smell is undoubtedly a fact that calls for
consideration, but we do not regard it as so conclusive
in favour of tetanus having been introduded at Mul-
kowal as to outweigh all other considerations. To
the absence of explosive sound we attribute no import-
ance, so that it only remains to consider the value of
the inference based on the tardy manifestation of the
disease. [t is contended that had the eontamination
been introdueed in the laboratory and growing for five
weeks, it would have formed toxins, which would have
caused a more rapid onset of the symptoms of the
disease. It must be conceded that in experiments on
animals the rapidity of the onset is influeneed by the
amount and viralenee of the toxin introduced, and
@ priort we see no reason for saying that similar results
might not follow the injection of the tetanus mierobe
with its toxin into the human body. Manifestly there
ean be no appeal to clinical experience which 1s based
on observations of eases where it must be supposed
the mierobe alone has been introduced, and has only
commenced the elaboration of toxin—the actual cause
of the symptoms—alter it has established itself in the
injured part. Though therefore the ordinary incuba-
tion of tetanus in clinical experience in India is a
period which substantially corresponds with what was
manifested at Mulkowal, it is impossible to say in the
absence of experiment what the sequel would be where
a ready-formed toxin is injected into the human
system. It is therefore clear, acecepting all that this
train of thought implies, we ecannot estimate the exact
import of the duration of the incubation in the Mul-
kowal cases. This concludes the considerations
favouring the view that the contamination was intro-
duced at Mulkowal. Against it there is the fact that
the specific contamination permeated the whole fluid
in the bottle, as 1s shown by the uniform results on
the sufferers, and without a series of suppositions

opposed to all reasonable probability, these results -

can only be attributed to a growth of some duration,
though not necessarily of great vigour, a view strongly
supported by the experiments mentioned above. We
regard this eircumstanee of such moment as to out-
balanee the arguments on the other side.

It follows from this that in our opinion the specific
contamination was introduced before the hottle was
opened at Mulkowal, and we see nothing in the
quality of the agency employed, taking it as a whole,
which imposes any antecedent improbability in the way
of accepting this eonclusion. Though our finding does
not in form follow the terms of the thirteenth issue, in
substance 1t does; for the possibility of contamination
entering the bottle after it was issued, but before it
was opened, could only be atiributed to defective oper-
ations in the laboratory.

How the econtamination was introduced cannot be
aseertained ; we can only endeavour to narrow down
the possibilities, and for this purpose it is necessary to
state cerfain relevant facts. The prophylactic con-
tained in the Mulkewal bottle was part of a brew
known as 53 N. This brew was inseminated on

September 17th, 1902. On September 19th it was
examined and emulsified, sterile water being syphoned
down aseptically and the film of plague growth washed
off the agar surface by shaking the flask. On the
same day, Stephen, who then for the first time coms
menced practical work, decanted by syphoning the
contents of the flask inte five issuing bottles, at the
same time syphoning a sample of the material into an
agar test tube. The test tube growth was four ﬂaEF
later examined for purity, and found pure, and the
five bottles were tied up in a separate bag and sent for
sterilisation by heat. On September 23rd one of the
five bottles taken asa sample was examined for sterility
by insemination into a tube of sterile broth. On the
95th this tube was found to be sterile, and after dosing,
the five bottles, were handed over to the despatching
department. Four of them were sent out on September
0th, in box 202, to the plague medieal officer at Juls
lunder, and on October 4th the fifth bottle was sent in
hox 205 to the Superintendent, Central l)lsm[ectmq
Depot, Jullunder. It was this last bottle that was
used at Mulkowal, and as a result of the evidence and
what we saw at the laboratory, we hold that this was
not the sample bottle manipulated by De Souza. We
think it improbable that contamination was introduced
into the fluid prior to the stage at which it was
handed over to the decanting elerk, (1) by reason of
the tests which cover that period, one of which was
anaerobic as well as aerobie ; (2) because the manipula-
tions up to that time had been performed by highly
trained bacteriologists ; and (3) because, as we have
discovered, the remaining bottles of brew 53 N were/
used without producing tetanus symptoms, or, so far
as we could learn, any bad results. For the reasons
already stated, the possibility of contamination at the
sampling stage may be excluded, so that limiting our-
selves to what is reasonably probable the source of
contamination is narrowed down to a choice be-
tween the following possibilities :(— ! i
(n) The bottle may have been insufficiently sterilised
before it came into the decanter's hands. 1
(b) The decanting may have been performed with
defective precautions.
(¢) The final sterilisation may have loosened the
stopper, with the result that the specific contamination
entered, either in the cold bath, or afterwards, before|
the bottle was opened at Mulkowal. il
To make an exclusive selection from these possibili-
ties with any show of reason is impossible.
i L. JENKINS,
. BoMrFoRD.

Bombay, 1. SEMPLE

: Iju;'.l.!' 16, 1903,

APPENDICES TO THE INDIAN COMMISSION'S
REPORT.
Aprenpix A. ;
No. 1,375, dated March 6, 1903,

From Major D). Semple, M.D., H..{:M.C.,_ Directon
Pasteur Institute of India, Kasauli, to the
Secretary to the Govermmnent of India, Hom
Department.

I have the honour to forward herewith the resulte




e

- Febroary 1, 1907.]

THE JOURNAL OF TROPICAL MEDICINE AND HYGIENE. 43

o

of a series of experiments carrvied out’ by me with the
object of throwing more light on several points
discussed in the answers of the Commission to issues
13 and 14 in connection with the Mulkowal tetanus
cases.

. {2) Before leaving Bombay I discussed these ex-
E:rimentﬂ (or the general trend of them) with Sir
Lawrence Jenkins and Lieutenant-Colonel Bomford,
LM.S., and I am now sending a copy of the results
o them.

In order to elear up several points touched upen
!;}}r the Commission in their report when answering
1ssues 13 and 14 in connection with the specific
contamination which gave rise to the Mulkowal
tetanus cases, the following experiments were carried
out by me at the Pasteur Institute of India, Kasauli,
on my return from Bombay.

Experiment 1.—A needle dipped in a tetanus
culture, and used immediately afterwards to prick
& guinea-pig, failed to give the animal tetanus.

Ezperiment 2.—A 1 ce. syringe filled with a tetanus
culture, then emptied and washed out once with
1 in 20 carbolie acid solution, then filled with sterile
broth and the contents inoculated hypodermically
into a guinea-pig, failed to give the animal tetanus.

- Ezxperiment 3.—A guinea-pig inoculated hypo-
dermically with 2 ce. of a tetanus culture did no
contract tetanus. :

The result of this experiment does away with the
necessity for Experiments 1 and 2, and at the same
time proves that a considerable quantity of this
particular tetanus is required to infect a susceptible
animal.

Ezperiment 4.—A guinea-pig inoculated hypo-
dermically with 4%; cc. of a tetanus culture contracted
tetanus on the third day.

Experiment 5—Tetanus planted in a bottle of
water-agar plague prophylactic, and incubated at
37 C. for seven days, grew well, and gave the
eharacteristic smell of tetanus when opened.

There was no explosive noise of any kind when
removing the cork from the bottle. Numerous tetanus
bacilli were present in stained specimens.

Experiment 6.—Tetanus and micrococei planted in
a bottle of water-agar plague prophylactic, and
mmcubated at 37° C. for seven days, grew well, and
gave the characteristic smell of tetanus when
opened.

There was no explosive sound of any kind when
removing the cork from the bottle. Numerous tetanus
bacilli and also micrococei were present in stained
specimens,

Ezperiment 7.—Tetanus planted in water-agar
Plague prophylactic, and incubated under anaerobic
conditions for seven days, grew well and gave the
characteristic smell of tetanus when opened. Numer-
ous tetanus bacilli were present in stained specimens.

These experiments, with- the exception of No. 4,
were done on February 19th, Experiment No. 4 was
Iﬁﬂn& on February 23rd, because Experiment No. 3
(failed to contract tetanus.

" The guinea-pigs used were two-thirds grown,
ﬁhee;!}i;hy animals.

e water-agar plague prophylactic used was
‘obtained from  the Plngu&PREse}ra.mh Laboratory,

Bombay, and had been returned from the Punjab
last November.

The bottles were tested for sterility (including au
anaerobic test for tetanus) before planting tetanus
into them.

The tetanus used in all cases was a pure culture
isolated by me from the Mulkowal bottle (53 KN}
on November 15th, 1902, when it was sent to Kasauh
for examination.

Arrerpix B.

FortHer ExrERIMENTS WITH TETANUS To ELucIDATE
Cerraiy PoisTs ToUCHED UPON BY THE CoM-
mission I8N CoNNECTION WITH THE BSBPECIFIC
CoONTAMINATION WHICH GAVE RISE TO THE
MurLkowarn TeETanus CAsE.

Bottle No. 1.—A sterile bottle of water-agar plague
prophylactic (capacity 30 cc.; Brew, No. 588 B i.;
date October 20th, 1903 ; Dose, 1'5 ce.) was inoculated
on February 19th, 1903, with one platinum loop of
a pure broth culture of Mulkowal tetanus bacilli,
and also with a non-pathogenic cocco-bacillus. The
bottle was then incubated at a temperature of 37° C.
for seven days, and examined miecroscopically on
February 26th, 1903, when a rich growth of tetanus
germs was found, also other bacilli. The characteristic
smell of tetanus was observed, but no explosive noise
of any kind, on removing the cork. It was then
put aside in a dark cupboard at room temperature
(about 18° C.).

Erperiment 1. March 31.—Three guinea-pigs
received hypodermically from hottle No. 1, & ; &%
and & cc. respectively. All three died from fetanus
next day ; the 4% cc. one at about 8 a.m.; the J; cc.
ong at 11 a.m.; and the g% ce. one at about 3 p.m.
This experiment proves that bottle No. 1 contained
a rich and virulent growth of tetanus.

Experiment 2.—A sterile 20 cc. syringe was filled
once from botfle No. 1, and allowed to remain full
for two minutes, after which the contents were
slowly expelled through the needle. It was then
filled with & 1 in 20 solution of ecarbolic acid, and
after two minutes (without any shaking) this was
also slowly expelled through the needle. The syringe
was then filled with sterile peptone broth, and 1} ce,
injected hypodermically into nineteen guinea-pigs
(a second refilling to the extent of 8} ce. being
necessary to complete the nineteen inoculations of
1} ee. each).

Results : April 3.—Three show symptoms of tetanus.

April 4.—Ten show symptoms of tetanus.

April 5.—Fifteen show symptoms of tetanus.

April 6.—Beventeen show symptoms of tetanus.

April 15.—8ince the 6th, seven have died from
tetanus, symptoms slight in the others, which are likely
to recover.

Bottle No. 3. April 1.—A large platinum loop
from bottle No. 1 (a rich growth of tetanus and other
bacilli) was inoculated into- a sterile bottle of water-
agar plague prophylactic containing 30 ce., and. then
well shaken up.

Experiment 5. April 1.—Two guinea-pigs re-
ceived hypodermically 1 ce. and 1§ cec. respectively
from bottle No. 3.
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Result.—DBoth
day.

femarks.—This experiment shows that a platinum
loop of tetanus from a rich growth in waber-agar
plague prophylactic is sufficient to permeate a 30 ce.
battle to such an extent that 1 cc. conveys the disease
to a guinea-pig.

DBottle No. 4. April 6.—A small piece of thin
straw about } em. square was dipped into bottle
No. 1 (arich growth of tetanus and other baeilli) and
allowed to remain in for two minutes, and moved
about so as to eontaminate it. It was then removed
with a sterile needle and allowed to dry in a sterile
glass dish at room temperature for one hour, then
placed in a sterile bottle of water-agar plague prophy-
lactic containing 30 ece. for five minutes, and well
shaken up several times, after which it was removed.

Erperimend 6. April 6.—Five guinea-pigs received
hypodermically 1 ee. each from bottle No. 4.

Hesult.—All  five animals remained free from
tetanus.

Erperiment 7.  April 6—The contents of bottle
No. 4, with the exception of 3 ce., were poured out,
the i}f:tt-]u corked up and placed in the incubator at
37 C.

Result.—No growth of tetanus took place in this
bottle.

Erperiment 8. April 6.—An anaerobie cultivation
was made from the } ce. remaining in bottle No. 4.

Besult.—Typieal growth of tetanus was present on
the third day. '

Remarks.—Experiments 6, 7 and 8 prove (1) that
the amount of tetanus bacilli which adhered to the
small piece of straw when dipped in a rich eulture of
tetanus was sufficient to permeate a 30 cec. bottle of
plague prophylactie, but not to such an extent that
I ce. of its contents would convey the disease to
guinea-piga. (2) That 0-5 cc. of water-agar plague
prophylactic thus infected and allowed to remain in
a 30 ce. bottle would not admit of a growth of tetanus
even when ineubated at 37° C. (the most faveurable
temperature for the growth of this baecillus). The
aerobic econditions in the bottle would aceount for
absence of growth.

D. Semrre, Lieut.-Col,, R.AM.C.

Aprd 16th, 1903.

conkracted tetanus on the fourth

Arrexmx C.
(DEMI-OFFICIAL.)
(No. 202, dated February 8, 1903.)

From W. M. Haffkine, Ezq., C.I.E., Director-in-Chief,
Plague Research Laboratory, to Major D, S8emple,
M.D., R.AMC., Secretary to the Punjab Inocu-
lation Commission.

I.

I shall be obliged for your kindly examining
and submitting to the Commission accompanying
specimens,

(1) On the 2nd inst. Kapadia and I placed into a
sterile prophylactic bottle containing 30 ce. of sterile
broth a minute bit of straw exaetly similar to the one
now forwarded in a sample tube. (It is surrounded
there by a square of red ink). The bit was taken,
aseptically, from the interior of a freshly dropped ball
of horse dung. It was about 1 mm. in Iengtg, # mm.

———

in breadth, and of a macroseopically unmeasurable thin-
ness. As soon as the straw was placed in the bottle
the latter was shaken lightly (it was plugged with a
sterile cotton plug), and a sterile 20 ecc. syringe was
filled from it. The contents of the syringe was then
mmjected in doses of 1} ee. into thirteen test tubes
containing melted agar, which was allowed to solidify
in a sloped position. As scon as the syringe was
empty it was refilled with the remaining 10 cc. of
broth, and another six agar tubes were treated in the
same way. Thusin a few minutes nineteen agar tubes,
representing nineteen patients, were injected with
sterile inaterial contaminated by the bit of straw
above described.

{2) After that I filled the syringe with sterile broth,
rinsed it by shaking it, and ejected the contents ; filled
the syringe with sterile broth again, shook it again,
and ejected this too, to imitate Elliot's (a) first squirt-
ing out a syringeful of earbelic lotion, and (b) then
filling the syringe with lotion again and emptying it
when taking up bottle No. 3.

(3) After that I filled the syringe with sterile broth,
and injected the latter in doses of 1% ce. into thirteen
agar tubes. The latter would correspond to the
patients inoculated by Elliot from bottle No. 3.

I forward herewith the agar tubes in guestion, The
first series are marked as Nos. 1 to 19 inelusive; the
second as Nos. 20 to 32. In the first series, apart
from a few larger colonies, there i3 a number of
minute ones in the depth of the agar (up to fifty colonies
and above per tube). I am sending in a magnifying
glass for their examination. In order to make it cer-
tain that these are eolonies of microbes, I have cub out,
as you will see, a piece of agar from tube No. 1. The
piece cut out is in the second of the two sample tubes
which I am sending. I made a microscopic slide
from one of the suspected colonies, and am sending
the slide on. It shows a flourishing mass of stout
cocco-bacilli, some in pairs, but mostly single ; some-
times in fours.

In the second series of tubes I find, in some of
them, certain single points or a couple of points per
tube, resembling the minute eolonies of the series
Nos. 1 40 19. In one there is one eolony fairly well
developed, apparently of another species. 1 have not
made slides from these tubes yet, but the difference
in the number of colonies per tube, assuming that the
second series contains real colonies, is great.

II.

(4) You will find in the pavcel a third series of
agar tubes marked Nos. 33 to 42. These were in-
seminated as follows: Dr. Gibson prepared a mode-
rately turhid emulsion of the yellow sarcina in sterile
broth. I filled a sterile syringe with that emulsion,
and gave it to Kapadia to squirt out the contents, aé
dose of 1} ee., at an interval of about one minute,
When the 20 cc. of the contents were squirted out,
10 cc. more of the same emulsion were introduced |
and squirted out in the same way, to imitate eontami-
nation of a syringe by a fairly rich culture of (tetanus)
microbes injected into nineteen patients. After that
the syringe was twice rinsed with sterile broth, to
imitate * sterilisation’ by rinsing. The syringe was
then filled with sterile broth and 14 ce. of the latter
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squirtéd out into each of the agar tubes, Nos. 33 to
43, to correspond to the inoculation of patients with
No. 3 Mulkowal hottle. Apart from the larger
colonies grown on the surface of the agar, there are
numberless small ones in the mass of it.

“The result of the above two experiments illustrates,
it seems to me, the following line of reasoning: If,
at the time of filling the first syringe at Mulkowal,
bottle 53 N contained a fairly rich culture of ‘tetanus
bacilli, similar fo, or even much less rich than, Dr.
Gibson’s emulsion, rinsing should have left the syringe

- very badly contaminated, and one would be justified

in expecting tetanus cases in those inoculated from
bottle No. 8. - If, on the other hand, contamination

- aceurred at the time of the operation from, say, a bit
~of dirt in the needle, or from one dropped in during

‘the opening of the bottle, a number of contaminating
microbes would be injected into each of the first
nineteen patients, and only single microbes, or hardly
any, injected into those who had bottle No. 3.”

THE REPORT OF THE LISTER INSTITUTE DATED
- NOVEMBER 24, 1904, AND ADDRESSED TO

;[[.J?EI UNDER-SECRETARY  OF STATE FOR
-~ Al

“(3)" ProsapLe Or1GiN oF THE Teranus Vikus.
From consideration of the evidence and in the light

f DI_'EJ_:pﬂriments (vide Appendix F), the Institute agrees
with the Commission

itk ( that in all probability the
tetanus was at the time of the inoculation in the fluid
‘contained in the bottle, but the fact that a bottle pre-
‘sumably tightly corked (vide Dr. Elliot's evidence)
sbould contain enough tetanus growth to destroy
nineteen people, and yet not be accompanied by suffi-
cient smell to arouse the suspicion of Dr. Elliot who,
according to his evidence, remembers smelling this
particular bottle, is difficult to comprehend.

- The Commission expresses itself (Extract, p. 4)! as
confirmed in the view that the tetanus contamination
was in the fluid contained in the bottle 53 N, by the
results of Colonel Semple's experiment to show that
although there were tetanus organisms in the .5 cc. re-
maining in the bottle when examined by him, the con-
dibions obtaining were not such as to permit of growth.
- We bave made experiments to determine whether
‘tetanus might not grow in a nearly empty bottle of
‘Water-agar emulsion if associated with the growth
of some ordinary saprophytic organisms.
~ As may be seen from the results (Appendix E,
| Bxperiments 1 to 8), although these conditions did
not permit of the growth of a pure culture of tetanus,
In those cases where it was sown in association with
‘aerobic saprophytic organisms, growth occurred. Wao
think, therefore, that Colonel Semple’s experiments
eannot be held to exclude the possibility of contamina-
tion at the time of the opening of the bottle,

:Apart f_mm the circumstances mentioned above, we
do not think that any other evidence discussed in the
Commission’s report and including Mr. Hafikine's
experiments, seriously militate against this view of the
Commission. The precise concurrence of the inci-
fence of the attack with the use of the one particular

I Bastions 1 and 2, and Appendives A, B and O deal witl
I‘Il!;l]le other than "-’]':e Mulkowal case, i it
. 41,

L}

|

bottle of vaccine, appears to us as it did to the Com-
mission, to suggest in the strongest way that the.
tetanus was derived from the bottle, and the argument
that the specific contamination never entered the
syringe,! founded on the fact that those subsequently
inoculated eseaped from tetanus, is, we consider, un-
sound. Whether the inoculation of a fluid containing
tetanus organisms into the body of an animal is or is
not followed by the disease depends, as was shown by
Semple, upon the number of organisms introduced
under the particular circumstances.

Our own experiments (Appendix F (a), Experiments
1 and 2), show that ;4755 of the quantity of a tetanus
culfure grown under imperfect anaercbic conditions
which is required to kill* a guinea-pig, could he
detected by cultural methods.

An ordinary 20 cc. syringe leaves about § ce. of
content unexpelled af the end of the stroke of the
piston. Assuming { cc. to bave been the dead space
in the syringe used by Dr. Elliot, and that the growth
was & fairly uniform one, as must be supposed from
the similarity and fatal issue of the disease in the nine-
teen cases, the individoals inoeulated from a fresh
bottle after the rinsing of the syringe with carbolic
solution, would have only received 5345 of the dose
of the tetanus virns injected into the persons who
were inoculated from the contaminated bottle.

With regard to Mr. Haffkine's experiments (Appen-
dix C of Extracts),! we would remark that because a
high dilution of a culture of a saprophytic organism
still gives growth when sown upon an artificial
nutrient medium,® it dees not follow that a similar
dilution of tetanus will give rise to the disease when
inoculated into a man possessing a considerabls
capacity of resistance to invasion.

Although of opinion that the evidence points
strongly to the infection being in the bottle at the time
of the inoculation, we agree with the Commission that
it is quite impossible to determine at what stage in its
history and in what way bottle 53 N became con-
taminated. . . . .

(4) The conclusions of the Institute coincide with
those of the Commission, that in all probability the
tetanus was at the time of the inoeulation in the fluid
contained in the bottle, but that it is impossible to
determine at what stage in its history or in what way
bottle 53 N became contaminated.

CaarLes J. Marmiw, Director.”

APPENDICES TO -THE REFPORT OF THE LISTER
INSTITUTE.
4 D.— Erperiments to show that water-agay is a suitable
mediunt for the growth of the tetanus bacillus.
Experiment 1.—Two bottles of 30 ec. eapacity were
filled with water-agar prophylactic fluid. One was
inoculated from a pure culture on glucose broth of
B. fetant; the other with a mixed growth of B. tetani
and B. subtilis. They were stoppered with rubber
corks and placed at 37°C. In three days both bottled
had a growth. Both bottles had about equally the
characteristic odour of tetanus. Microscopical exam-
ination revealed tetanus bacilli.
Experiment 3.—A bottle was half filled with water-

! Gomp. App. C., Ind, Com. s report, p. 44,
® Vide dosa required for manifestation of symplomes, p. 47.
FComp. Ind. Com.’s rep., App. B, txp. 2, p. 13,



agar prophylactic fluid and inoculated with B. tetan:
and B sublilss,

In three days a growth with charvacteristic odour.
Microscopieally, tetanus bacilli.

These experiments show that the tetanus bacillus
grows on water-agar fluid either alone or in the
presence of an aerobic organism such as the B. subtilis,
and that a full bottle is not necessary to obtain the
growth,

E.—Erperiments on the growth of letanus in botfles
containing small quantities of water-agar emulsion.

Haperiments 1 fo 8.—To ascertain whether the
tetanus bacillus is capable of growing in a small
quantity of water-agar prophylactic emulsion in eorked
bottles of 30 cc. capacity. The series consisted of
eight bottles of 30 ce. capacity. Each had 1 ee. of
water-agar emulsion measured into it. A four days
old glucose broth culture of B. fefan: was employed as
the inoculating material.

Eaperiment 1.—A bottle containing 1 ce. of water-
agar emulsion was inoculated with a 2 mgm. loopful of
undiluted eulture. A sub-culture was then made
with the same loop on sulphindigotate broth. A
microscopical examination was made immediately
after the inoeulation. Several microscopical fields
showed no baeilli. The sub-culture made before
corking showed mno growth after four days in the
ingubator under anaerobie conditions.

The bottle was corked with a rubber cork and in-
cubated at 37° C.

After four days in the ineubator the bottle was
opened. It had no tetanus smell. © Microscopical
examination showed no tetanus bacilli. Sub-cultures
did not grow.

Erperiment 2.—A bottle containing 1 ec. of water-
agar emulsion was inoculated with a 2 mgm. loopful
of culture diluted to 1 in 10 in neutral broth. A sub-
culture was then made with the same loop on sulphiu-
digotate broth. The sub-culture made before corking
showed no growth after four days in the incubator
under anaerobic conditions.

The bottle was eorked with a rubber cork and in-
cobated at 37° C. Alfter four days in the incubator
the bottle was opened. It had no tetanus smell.
Mieroscopieal examination showed no tetanus bacilli.
Sub-cultures did not grow.

Expertment 3.—A bottle containing 1 ec. of water-
agar emulsion was inoculated with a 2 mgm. loopful
of eulture diluted to 1 in 100 in neutral broth. A
sub-culture was then made with the same loop on
sulphindigotate broth. The sob-culture made before
corking showed no growth after four days in the
incubator under anaerobie eonditions. ;i

The bottle was corked with a rubber cork and in-
cubated at 37° C. * After four days in the incubator
the bottle was opened. It had no tetanus smell.
Mieroscopical examination showed no tetanus bacilli.
Sub-cultures did not grow.

Frperviment 4.—A bottle containing 1 ce. of water-
agar emulsion was inoculated with a 2 mgm. loopful of
culture diluted to 1 in 1,000 in neutral broth. A sub-
culture was then made with the same loop on sulphin-
digotate broth. The sub-culture made before corking
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showed no growth after four days in the incubator

under anaerobic conditions.

The hottle was eorked with a robber cork and
incubated at 37° C. After four days in the incubator
the bottle was opened. It had no tetanus smell.
Microscopical examination showed no tetanus bacilli.
Sub-cultures did not grow.

Eaperiment 5.—A bottle containing 1 ce. of waber-

agar emulsion was inoculated witha 2 mgm. loopful of

undiluted eculture. It was then inoculated with the
Hay bacillus and a Staphylococcus aureus. A sub-
culture was then made with the same loop on sulphin-
digotate broth. A microscopical examination was
then made immediately after the inoculation. Several
microscopical fields showed no tetanus bacilli. The
sub-culture made before corking showed no growth
of tetanus bacilli after four days in the incubator
under anaerobic conditions.

The bottle was corked with a rubber cork and
incubated at 37° C.  Aflter four days in the incubator
the bottle was opened. 1t had a marked tetanus
smell. Microscopical examination showed numerous
typical tetanus bacilli. The sub-culture gave a growth
of the tetanus bacillus.

Erperiment 6.—A bottle containing 1 ce. of water-
agar emulsion was inoculated with a 2 mgm. loopful
of culture diluted to 1 in 10 in neutral broth. It was
then inoculated with the Hay bacillus and a §.
awreus. A sub-culture was then made with the same
loop on sulphindigotate broth. The sub-culture made
before corking showed no growth of the tetanus
bacillus after four days in the incubator under
anaerobic conditions.

The hottle was corked with a rubber cork and
incubated at 37° C.  After four days in the incubator
the bottle was opened. It had a marked tetanus
smell. Microscopical examination showed numerous
typical tetanus bacilli. The sub-culture gave a growth
of the tetanus bacillus.

Experiment 7.—A bottle contaiming 1 ce. of water-
agar emulsion was inoculated with a 2 mgm. loopful of
culture diluted to 1 in 100 in neutral broth. It was
then inoculated with the Hay bacillus and a S.
aurens. A sub-culture was then made with the
same loop on sulphindigotate broth. The sub-
culture made before corking showed no growth of the
tetanus bacillus after four days in the incubator under
anaerobic conditions.

The bottle was corked with a rubber cork and
incubated at 37° C. After four days in the incubator
the bottle was opened. It had a marked tetanus
smell. Microscopical examination showed numerous
typical tetanus bacilli. The sub-culture gave a growth
of the tetanus bacillus. : :

Frperiment 8.—A bottle containing 1 ce. of water-
agar emulsion was inoculated with a 2 mgm, loopful of
culture diluted to 1 in 1,000 in neutral broth. 1t was
then inoculated with the Hay bacillus and a 5.
awr¢ns. A sub-culture was then made with the
same loop on sulphindigotate broth. The sub-culture
made before corking showed no growth after four
davs in the incubator under anaerobic conditions. .

The bottle was corked with a rubber cork and
incubated at 37° C. After four days in the incubator
the bottle was opened. It had a marked tetanus
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smell. Microscopical examination showed numerous
typical tetanus bacilli. The sub-culture gave a growth
of the tetanus bacillus.

This series of experiments, Nos. 1 to 8, shows that
growth of the tetanus bacillus can take place in a
corked bottle containing a very small quantity of
a water-agar prophylactic emulsion if other aerobic
organisms such as B. sublilis and Staphylococcus
aureus are associated with it.

F (a).—Experiments to show the relation between the
quantity ::r_f tetanus organism mecessary to kil to
the amount capable of giving a growth on artificial
medid.

riment 1.—Dilutions were made of a culture
‘grown under imperfect anaerobic conditions (for seven
51::5 in sulphindigotate of soda broth) such as would
exist in a bottle of vaccine. This accounts for the
low toxicity' of the culture, for the same bacillus was
that employed in Experiments I (5) 2 and 7, where an
average toxin formation occurred.
~ The dilutions made were: —
1in 10: Growth.
1 in 100 2
1 in 1,000 %5
1 in 10,000 al
1 in 100,000 e
1 in 1,000,000
1in l[]' i'_'H'_'II['.i 000 : N-::t mwth.
Uultw&hlun made wu:h these dilutions showed
growth of the tetanus bacillus up to 1 in 1,000,000,
Ezperiment 3.—The same quantities (?) as used in the
evious experiment for cultures, and from the same
ilutions, were mixed with 1 ce. of Haffkine's fluid
and injected into guinea-pigs of about 400 grams

weight.

Guinea-pig

No. 1.— 1/10 ce. plus 1 ec. Hafikine's prophy-
lactic; death, sixth day ; tetanus.

No. 3.— 1/100: Blight local tetanus.

No. 3.— 1/1,000 ,, ¥

No. 4.— 1,"1[! 000: No tetanus.

No. 5.— 1/100,000 4

No. 6.— lfl 000,000 1
No. 7.—1/10,000,000

Experiments 1 and 2 F show that ooy of the

quantity required to kill a guinea-pig could be detected
by cultivation methods.

F (b)—Experiments o show the pathogenic character-
1stics of the bacillus used.

Eeperiment 1.—To show the toxicity of a filtrate
from the culture employed in these experiments on
mice. Inthis case the bouillon medium was deprived
of free oxygen by the passage of hydrogen through it,
%e., t;hu anaerohic mnﬂitiana were good.

No. 1 —1/1,000 cc. : Dead of tetanus on the third day.
Hﬂ E_lfﬂ ['u[] ] L 1 PR h"'h 13
No. 3. —1,.“,1 1000, 5 ,»  seventh
No. 4.—1/8,000: Lived; no tetanus, -

Experiment 2.—To show the toxieity of a filtrate
from the culture used in the experiments on guinea-
ingg un&er similar conditions t.u prewous ezpernmeut

e ol —

' Comp. (), pe ok

Guinea-pig

No. 1.—1/100 ce. : Dead on the fourth day of tetanus.
No. 2.—1/200 ,, % n - Tourth 5 1
No. 3.—1,.1'3DU o e n DIth 2 3
No. 4. —-1/400 , i T n
No. 5.—1/500 , »» seventh ,, 7
No. 6.—1/600 cc - Recovered.

Eixperiment 3. —To show that tetanus spores alone
will not produece tetanus.

A month old broth culture was heated to 80° C. for
one hour to destmy all or nearly all the toxin,

A guinea-pig received subcutaneously 1 ce. of this.
No tetanus.

Ezperiment 4.—To show that tetanus spores and
1 ee. of Haffkine's fluid may not in certain doses be
enough to produce tetanus.

A puinea-pig received subeutaneously 1 ce. of the
above heated culture plus 1 ce. of Haffkine's fluid.
No tetanus.

Experiments made from the heated culture pave
abundant growth of tetanus in four days.

Experiment 6.'—A month old culture of the same
batch as that used in the previous experiment had all
the supernatant fluid filtered off from the bacillary
deposit. It was made up to its original volume with
fresh broth. A series of gninea-pigs were inoculated
with quantities of this and 1 cc. of Haffkine's fluid.

Guinea-pig HafTkine's

Ho. Fluaid.

1.— 1 ce. plus 1 ce. : Slight tetanus, recovery.
2.— ]-.llln 1 2] 1 11 (1)
3.— ]-u'.lm LU ] T 3] 11 13
4.— LS OO i Mo tetanus.

55— 1 lﬂ (11, s - i

6.— 1/ lﬂﬂﬂﬂﬂ e ,1 "

7T—1 l 000,000 ,,

This experiment ‘shows that tata,nus spores and
Haffkine's fluid may not when injected together in
certain doses produce tetanus.

Experiment 7.—An emulsion of sporing tetanus
baeilli, which had been grown on agar, was made
with sterile broth, a piece of straw, 3 by 10 mm. in
length, which was picked up outside the laboratory,
was then soaked in this emulsicn, placed in a sterile
tube and allowed to dry in the 37° C. incubator for
one hundred and twenty minutes. This piece of straw
was then added to 21 ce. of ecarbolizsed Haffkine's fluid,
well shaken for two or thres minutes, and the follow-
ing mice injected with } co. of this contaminated
Haffkine :—

Mouse No.

10. Alive fourteen days later.

11, (Not whole of § ¢c.) found dead day after.

12. Found dead.

13, Died three days later; no sign of tetanus.

14. Alive fourteen days after.

15. 3] "

]E- 11 i

19, Not inn::'u'lntred : !I'!mmﬂ dead the following day.
20, Died two days later; no sign of tetanus.
The experiment shows that a series of susceptible

— e ——

I Bxperimenk 5 is mmltud in

tha original Report of the
Institute. -
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animals inoenlated with Haftkine's fluid, which has
been seriously contaminated immediately before in-
jection with sporing tetanus do not necessarily all
contract tetanus. Of the animals that died none
showed the symptoms of tetanus' which are so
characteristic in the mouse. Of eleven mice in the
series five died, but two of these had not been
inoculated. A number of cases of wouse diphtheria
oceurred at this time.

G.—EBxperiments with a syringe contaminated with
felanus,

Ezperiment 1.—A syringe of 20 c¢. eapacity was filled
with an eight days old broth culture of B. tetani.
The contents were syringed out gently in quantities of
lee. Cultures were made from the first and last cc.
of the twenty. The syringe was then filled with 1 in 20
carbolic acid, which remained in the syringe for four
minutes. The carbolic solution was then ejected and
the syringe filled with Haffkine’s fluid. This was
injected by separate ce. into a series of sulphin-
digotate broth tubes. All the tubes were put under
anaerobic conditions at 37 C.  In four days the tubes
inoculated during the first syringing before the carbolic
solution was drawn into the syringe all gave good
growth. The series of tubes inoculated after the
carbolic solution showed a eerfain irregularity of
growth. 1,5, 6,8, 9, 12, and 16 showed growth; 2,
18 and 20 showed no growth,

The numbers refer to the sequence of quantities of
1 ec. each expelled from the syringe; the numbers
misging are those which were discarded and not used
to inoculate tubes of media.

Ezxperiment 2—The needle of a syringe of 20 cc.
capacity was dipped in a sporing broth culture of
tetanus and allowed to dry for three hours in the
incubator, It was filled with Haffkine's prophylactic
fluid and successive doses of 1 ce. ejected. Some of
these were injected into guinea-pigs and others into
test tubes, as shown in the sehedule : —

1st ¢e. into guinea-pig Slight tetanus.

2nd . test tube : Growth tetanus,
rd © — — —
4th s Buinea-pig Slight tetanus.
ath . best tube GGrowth tetanus.
6th — —- —
ith — - —-
Bth » Bulnea-pig i Well,
Yth »  test tube -=
10th — - -
11th — = —
12th »  Buinéa-pig ... Well.
13th — -— —
14th — = —
15th — —
16th »  Ruinea-pig Well.
17th . test tube Tetanus growth.
16th - - —-
19¢h — :
20th .. test tube No tetanus.

The syringe was then filled with carbolic solution |
in 20 for three minutes, which was then ejected, and

! Comp. remark under Krp. 1, F. {a), p. 47
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the syringe was again filled with Haffkine's pmph}'
lactic fluid. This was ejected in the same way into
tubes and guinea-pigs.

{a) Guinea-pig No tetanus, y
{0} Test tube No growth of tetanus.

(d) Guinea-pig Well. _
(¢) Test tube No growth. 3
)= —
() — - 3

() Guinea-pig ... —
{#) Test tube —

This experiment shows that a seriously contaminated
needle (dried) under the test conditions does not give
uniform infeetive results, either before or after the
use of the carbolic solution. The infeetive material
tends to disappear at the end of the injection of the:
first 5_‘-,1|ngdu] and has disappeared after the c&thHu
washing.”

PRESS COMMUNIQUE ISSUED BY THE GOVERX-
MENT OF INDIA IN CALCUTTA ON DECEM-
BELR 13, 1804. _

“ At the Health Exhibition organised by the Bombay
Sanitary Association, under the authority of the Local
Government in connection with the lodustrial and
Agrieultural Exhibition about to be beld in Bombay, a
series of demonstrations will be given by the Divector
of the Plague Research Laboratory of the method by,
which the fluid used for inocuiation against plague is”
now being manufactured.

The primary object of these demoustrations is f-u
enable the public to ascertain by personal nbs&u.a.tmn
and by enquiry from the experts in charge of the manu-
facture the precise nature of the precautions ninch
are now taken to guard against the contamination of
the fluid by disense-hearing germs. The Director has
been instrueted to give full explanations of the process
to any one who is interested in the subject.

The system of inoculation against plague with a fluid
prepared from the sterilised virus of the disease was
introduced into India by Mr. Haffkine early in 1597,

On November 6Gth, 1902, nineteen persons who had .
been inoculated on October 30th in the village of |
Mulkowal from a single bottle (labelled 53 N) of the new -
fluid were found to be suffering from tetanus and all of
them subsequently died, and a Commission consisting
of Sir Lawrence Jenking, K.C.I.E., Chief Justice of Bom-
bay, Lieutenant- Lulunel Bom fm‘d. M.ID., C.1.E., Prin-
cipal of Medical College, Caleutta, and Mﬂ,_]n:)r Sﬁmp]E
M., B.AM.C., Dicector of the P.IBI.-&'LII Institute at
lmsauh was appointed by the Government of ludia
to enquire into the disaster. They found that the
germ of tetanus had been introduced iuto the fluid be- .
fora the bottle was opened at Mulkowal, and they
thought it probable that this might have oceurred
owing either to insufficient sterilisation or to the pro-
cess of filling the bottle from a larger flask having
been perfor de with de iecmeprecuununs :

Fxperiments undertaken -in India by two mdep&nr
dent enguirers appeared to confirm this view, and their

conclusions, together with the data on which they
were based, were submitted with the report of the
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Commission for examination and for a further experi-
ment to the Lister Instifute in London. . . - .
Their report on these points was received by last mail,
and they sammarise their conslusions as follows :—

The conclusions of the Institute coineide with those
of the Commission that in all probability tetanus was
at the time of inoculation in the fluid contained in the
bottle, but that it is impossible to determine at what
sbage in its history or in what way the bottle (53 N)
became contaminated.

* S ¥ & ¥
(Bigned) W. 5. Marris,
Deputy-Secretary to the Govéernment of India.
Home Dapartment (Sanitary),
Calcutta, December 18th, 1904."

LETTELR FROM THE LISTER INSTITUTE, DATED
NOVEMBER 9, 1905.

Vide p. 34.

L ME. HAFFEINE'S OBSERVATIONS ON THE
REPORTS OF THE INDIAN COMMISSION AND
THE LISTER INSTITUTE.

Dated Paris, February 14, 1906.

From W. M. Harrkixe, Esq., C.ILE.
To the UspER-SECRETARY 0F STATE FoR INDIA.

Sir,—I have the honour to submit the following
remarks on the Mulkowal tetanus aceident, and the
reports thereon by BSir L. Jenkins's Investigation
Commission and the Lister Institute,

The Commission’s enguiry brought to light certain
facts which pointed to the conclusion that a bottle
eontaminated with tetanus germs, at, or very shortly
before, the time of its use, was the cause of the
accident. The details of the operation itself, at
the time of opening the bottle, wera further found to
have been directly conducive to such an accident.

The Investigation Committes subordinated these
facts to an a priori thesis aceording to which eon-
tamination of the bottle at Mulkowal could not have
affected nineteen persons in the way it did. I make
some remarks on this thesis in the appendix to this
letter under (le) and (12), pages 52 to 54 below.

Surgeons are aware that man is extraordinarily
susceptible to tetanus; that to cause an aseceident an
‘invisible impurity, on the cleanest instrument, may
be sufficient; and that to obviate such aceidents
afficacious processes of sterilisation must be resorted to.

- Bimilarly, a multiple infection with tetanus germs
from an insigpificant impurity, or derived from one
and the same apparently clean instrument, can be
realised experimentally.

* The Lister Institute has, therefore, rightly reported,
in their letter of November last (1905) (p. 34) that the
possibility of contamination having effected an entrance
into the fluid at Mulkowal could not be excluded.

& This proposition sets aside the thesis which the
Indian Commission had opposed to the facts above

referred to, and upon which they eondemned the
laboratory.

I recapitulate here the facts in question, and
helieve it useful to state my remarks with a certain
amount of detail ; an abbreviated summary of them
is, however, given on pp. 51 and 52 below.

On p. 52 are mentioned the circumstances of the
Mulkowal operations.

Certain essential points, which I consider by
themselves, are referred to, in the form of an Appendix,
on pp. 52 to 55.

On pp. 55 to 59 I examine the Indian Commission’s
Report,

And on pp. 59 to 61 that of the Lister Institute.

€
THE FACTS OF THE CASBI.
A.

The first and the most direct indication regarding
the origin of the Mulkowal tetanus germs has been
referred to in my letter to you of December 6th last.
At the temperature of the Indian climate, when left
for a day or two in the plague prophylactic, these
germs develop a pungent, diaa-greeahﬁa smell, which
becomes the more accentuated as the culture gets
more matured. I refer to this subject in the Appen-
dix under (2) (p. 54).

The Mulkowal bottle, which had been prepared
forty-one days, and despatched from Bombay twenty-
six days, prior to its opening had, when opened, no
odour of any deseription, but acquired the tetanus
smell subsequent to that moment. The matter is
dealt with in detail in the Appendix under (3) (p. 54).
The bottle, therefore, had not cultivated tetanus germs
even for a few days prior to its opening.

The above refers to the only, Erut at the same time
precise, method by which the origin of the tetanus

rms could be indicated by an examination made at
the time of the operations.

The facts elucidated subsequently and mentioned
below have all proved the correctness of that examina-
tion, as well as the straightiorwardness exhibited by
the Mulkowal operators in their depositions. To
some of these facts I drew the Commission's attention
in Bombay ; others I was only able to mention hypo-
thetically, as my information at that time was incom-
plete ; others, again, appeared subsequently, in the
course of laboratory experiments made by Sir L.
Jenkins's Comunission, the Lister Institute, and by
myself. I quote in the lines below only the testimony
derived from the experiments of the Commission and
the Institute.

B.

While most of the miercbes around us (the so-
called saprophytic or harmless germs) require air for
their propagation, the activity of the germ of tetanus
is, oh the contrary, inhibited by the oxygen of the air.
The result of this particuliavity is that there exists
a fundamental difference between the behaviour of
tetanus germs which are corked up in a bottle full of
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fluid, and of those that may find themselves in a few
drops left in a spacious receptacle full of air.

It has been found that in the ** water-agar " plague
prophylactic tetanus germs give a particularly abundant
growth, and that in a bottle filled in the ordinary way,
up to the top, and corked, a rich and very active
culture develops in a few days.

Lieutenant-Colonel Semple, of the Investigation
Commission, tested the actual specimen of tetanus
bacilli obtained from Mulkowal: and contaminated
with it ordinary, i.e. full bottles of the Bombay water-
agar prophylactic as used in the Punjab in 1902,

This contamination he effected sometimes with
tetanus bacilli alone, at others, with these baecilli
agsociated with harmless microbes, as always found
to be 1 Nature. He examined his bottles after
seven days and found under all cireumstances a rich
growth of tetanus, which affected animals when inoeu-
lated in very minute doses. His experiments show
that the amount required for such an effect was many
hundreds of times smaller than the doses of an ordi-
nary tetanus eulture essayed by him about the same
time. The effect on the animals was also very much
quicker, as is to be seen in the Appendix to this letter
under (4) (p. 54).  This represents about the condition
in which a tetanus culture would have been found in
the Mulkowal bottle No. 53 N, had that hottle heen eon-
taminated in Bombay four to seven weeks previously,
or even only seven days before its opening at Mul-
kowal. For it must be mentioned that a culture of
tetanus goes on maturing for about a fortnight, and
its *“toxicity "’ continues further to inerease for another
fortnight. A Bombay contaminated bottle would have
been, therefore, in these two respects (abundance of
germs and of toxic matter in the fluid) richer than
the bottles experimented with by Lieutenant-Colonel
Semple.

On the other hand, when a bottle of prophylactie,
just contaminated with an impurity, is umptieﬁ of its
contents, and only a few drops of fluid remain in it,
the development of tetanus germs in such remnants is
inhibited by the air, and either does not take place at
all, as was the case in the experiment made on the
subject by Lieutenant-Colonel Semple (Appendix B of
the Commission's Report, Experiment 7), or else a
culture does take place, but only in proportion in
which other germs present use up the oxygen of the
air (vede Lister Institute’s Report, Section 3, and Ap-
pendix E, Experiments 5 to 8). Such a culture is
always reduced—in a degree varying with the eircum-
stances—as regards its abundance and toxieity.

A small sample of fluid remained in the bottle after
the Mulkowal operations, and was examined by Lieu-
tenant-Colonel Semple, at Kasauli, filteen days after
the bottle had been used. In this sample he found
an association of a common mierobe with what, in his
view, was ‘‘ a poor growth of tetapus,” in comparison
with what should have been there had the culture
been growing for only a week in a full bottle (vide the
Indian Commission’s Report ; also Appendix to this
letter under (da) (p. 54). The effect of that Auid on
animals was also several times weaker and slower in
action than what be found in cultures grown in full
bottles (Appendix to this letter under (56) (p. 54).

The condition: of the bottle on its examination at

e —m———

Easauli corresponded, therefore, to that of a bottle in
which tetanus bad grown after it had been emptied,
and not to that of a bottle in which the germs had
resided while it was full; and this finding corrobo-
rated the result of the primary examination made at
Mulkowal.

C.

The following details show the difference in the
conditions under which accidental tetanus cases oceur,
and those in which the Mulkowal patients would have
been infected bad bottle 53 N contained a several
weeks old tetanus growth.

In the ordinary course of events man can get into
his tissues only a mere trace of tetanus virus; for
every visible impurity affecting him is immediately
removed; a splinter or thorn is pulled out; an injured
surface of the skin is washed and left to all appear-
ances clean, &e.

But a tetanus-bearing impurity, when effectin
entrance into a cultivation medinm, gets mu]tiplie§l
an infinity of times; and, as stated, the plague pro-
phylactic has shown itsell to be a particularly rich
medium for such a multiplieation. An ordinary
clinical case can never get infected with anything
approaching in amount a measured volume of such a
culture ; which volume in the Mulkowal cases was
that of 11 ce. Approximately a hazel-nut full of an
extremely rich tetanus growth would have been left
under the skin of every man inceulated, in place of
what ean remain after the withdrawal of a thorn, or
the washing of an abrasion or wound.

The prophylactic produces, in the case of man, at
the seat of injection, an inflammation which develops
in a few hours and causes a swelling and induration
of the tissue involved. The site so inflamed is com-
parable to a severe contusion, which, even in a slight
form, iz known to be an important determining faetor
in tetanus. (It may be remarked here that the skin
of guinea-pigs and mice, on which tetanus experi-
ments are generally made, is not so affected even by
large deses of the plague prophylactic. In their case
there are other agents by which it is possible to ereate
a state corresponding to the above inflammation).
This circumstance should have placed the Mulkowal
cases at a great disadvantage,

Lastly, when the tetanus germ gets into animal
tissue and the requisite predisposing conditions exist,
such as a contusion, or more severe injuries, or the
presence of impurities leading to loeal inflammation,
&ec., the germ starts manufacturing toxie substances
which eause the elinical tetanus symptoms. A certain
time is required for the elaboration of these sub-
stances ; and then another period passes during which
the tissues susceptible to this virus, notably the
nervous centres, are gradually reached. The two
periods make up the * ineubation " interval between
contamination and the appearance of lirst symptoms.

But these germs manufacture also toxin in artificial
cultivation media. In the case of tetanus the toxin
thus produced is of a potency unequalled by any other
mierobial toxin so far known. Various strains of the
same speeies of microbes; and various media in which
they are grown, differ, however, in regard to the




e

- e 075 Indian Cormmission’s Experiment 1, Appendix B.,

Febroary 1, 1907.]

THE JDURN&L U'F TRGPIG&L MEDIGTNF AND HYG'EE"‘JE

al

e et =

amount of toxin which they elaborate. , Regarding the
Mulkowal microbe, it has already been mentioned that
a bottle of prophylactic in which it had been growing
only for seven days appeared fo contain a virus many
hundreds of times more deadly than that found by
Lientenant-Colonel Semple in an ordinary tetanus cul-
ture. Its action was also several times quicker than
that of the latter (Appendix to this letter, under (4)
(p. 54)). Had, therefore, the Mulkowal bottle been
contaminated in Bombay, the patients would have
received into their tissue 11 cec. of such a potent and
rapidly acting toxin ready prepared, instead of, as is
the case in aceidental tetanus, benefiting by an interval
required for the elaboration of toxin in their own
tissues.'

The large amount of germs that would have been
present in a dose of 11 ce. of a Bombay contaminated
prophylactic as compared with the doses in accidental
cases; the introdoction of that dose right into the
tissues ; the predisposing inflammation ereated by the
prophlactic ; and the presence of 14 ce. of ready-made
and rapidly acting toxin, should have caused the

disease to manifest itself with a rapidity and gravity

far above those observed in average cases; but, where-
as in ordinary Indian practice cases may be met with
of an incubation period of less than twenty-four hours,
ending fatally within another twenty-four hours, the
patients infected at Mulkowal took five and six days
to develop the first symptoms, and the length of their
illness—which in tetanus is usually fatal—varied from
two to five days,and in one case was of one day. (Some
remarks on this matter are made in the Appendix,
under (6) (p. 55).)

The Commission had befors them an important
term of comparison in the isolated case of tetanus
which they investigated together with the Mulkowal
tase, and which had oceurred at Ferozepore, Punjab,
eleven days before the accident at Mulkowal.

On this case the Commission reports as follows :
“ We are satisfied that the isolated case of tetanus
cannot be aseribed to contaminated fluid.,”” The con-
tamination was therefore conveyed through that
natural dose of a tetanus impurity, unmultiplied by
growth in a culture, as causes nrdinm-}.' tefanus cases.
The patient died two and a half days after the time
when she was inoculated, the first symptoms appearing
sixteen or eighteen hours after that time, and the
illness lasting forty-six hours. The details of the
case are reproduced in the Appendix of this letter
under (7) (p. 55).

The Mulkowal cases were less affected by the con-
tamination which fell to their lot. The character of
their disease, when compared to that of the Feroze.
pore case, was such as to induce one almost to say
that the amount of tetanus impurity which, in Feroze-

ore, affected a single person, was, in Mulkowal,

ivided by an accident of procedure into nineteen
shares, and weakened in its effect.

D.

- Lastly, the following fact refers to the condition of
the fluid at t.ha time of using it at Mulkowal.

! Fide Lister Institute E xpf-nment-s 2 and 6, ﬁppu:dm P [HI
p. 43,

w The syringe with which contents of bottle 53 N.

ere injected was dealt with afterwards as follows: It
was filled with carbolic lotion 1 in 20, left so for a few
(three or four) minutes; then the lotion was squirted
out, and the instrument used for inoculating other
people. None of the latter suffered. In a culture of
four to seven weeks, as it would have been had the
bottle been contaminated in Bombay, and even in one
of a much shorter duration, fetanus germs develop
spores or special forms of resistance, made to with-
stand heat, desiceation, adverse chemical action, &e.
For f]estm:,rmg such spores by carbolic lotion an action
of some fifteen hours is required. The procedure
applied to the contaminated syringe thus amounted
practically to an imperfect cleaning.

If spores of such an abundant culture as would have
developed in a bottle of prophylactic had been drawn
into the syringe, the above cleaning would have left
the instrument very grossly contaminated (vide the
Lister Institute’s Report, Appendix G, Experiment 1 ;
and the Indian Commissioner’s Report, Appendix B,
Experiment 2 (pp. 48 and 43)).

The fact that the passage through that instrument
of one syringeful of lotion was sufficient to render it
harmless, points to its having been in contact with only
a small amount of impurity, such, for instance, as was
experimented with by the Lister Institute in Appendix
G, Experiment 2 (p. 48). The foree of this argument is
the greater that, as has been mentioned already, man
is 80 sensitive to tefanus that an imperceptible trace of
virus left on a surgical instrument exposes him to the
disease ; and in the Mulkowal circumsfances the sub-
jects were made particularly susceptible by the inflam-
mation from the prophylactic injeckion.

SUMMARY OF THE ABOVE.

The following facts indicate that the germs of
tetanus had not “effected an entrance into the Mulkowal
bottle even only a few days prior to its opening.

The bottle was odourless at the time of using it,
whereas in less than three days a tetanus odour be-
comes unmistakable in a contaminated bottle.

Tetanus germs generally, and the Mulkowal speei-
men in particular, when growing in a full bottle of
prophylactie, give in a few days a rich and extremely
active culture; whereas in the sample left in the
Mulkowal bottle a poor culture was found of a much
lesser activity, such as would develop in the rem-
nants of prophylactic fluid, in a bottle emptied. of
its contents.

The character of the disease exhibited by the nine-
teen patients was that obzerved in average clinical
eases in India, of & not very severs dr-sc.nptmn f.2., 10
eases due to minute accidental doses of viroas, nﬂt
multiplied by culture ; and that character is incom-
patible with the supposition that the Mulkowal cases
were injected with 1% ce. of a virus of such potency as
was found in infeeted, full, bottles of prophylactic, after
even only a few days accumulation of virus in them.

And, Ernstly, the fact that contamivation could be
easily removed from the infected syringe and the latter
rendered harmless, indieates that it had been in contact
with only a small amount of virus; whereas when
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brought in contact with a seven days old culture, it
has been shown fo retain; after rinsing, enough infec-
tion to affect seventeen out of nineteen animals, ie.,
probably thirteen out of thirteen injected with a first
syringeful, and four out of six injected after a further
dilution.

The Indian Commission reported to have “ found
that the germ of tetanus had been introduced into the
Muid before the bottle was opened at Mulkowal,” and
attributed the aceident to one of the laboratory opera-
tions (vide the Government of India’s communiqué to
the Press of December, 1904 (p. 48)). Notoneof the facts
of the case contains the shightest indication to this
effeet ; everything brought out by the enguiry points
in the opposite direction; and the Commission sub-
ordinated all divect indications to a thesis adopted
a priovt, and negatived in the Lister Institute's state-
ment of November last.

THE CIBCUMEBTANCES IN WHICH THE

MULEOWAL ACCIDENT TOOK PLACE.
Vide pp. 39 and 40, above,
Arrexpix 1o Part 1. oF THIS LETTELR.

I now submit remarks on certain points touched
upon in the foregoing text and marked therein for
reference by bracketed figures.

THE COMMISSION'S TERMEATION THESIS.
(1a)

The following is the thesis upon which the Com-
mission reported to have found that the Mulkowal
bottle was contaminated prior to its opening, notably
in the laboratory :—

‘“ The specific contamination permeated the whale
fluid in the bottle, as is shown by the uniform results
on the sufferers, and without a series of suppositions
opposed to all reasonable probability, these results can
only be atiributed to a growth of some duration,
though not necessarily of great vigour, a view strongly
supported by the experiments mentioned above.”

The experiments are referred to lower down, under
(18) (p. 53). The following concerns the vest of the
proposition i —

The Commission do not specify the suppositions
involved in their thesis; but the latter embodies
obviously the following one: An impurity having
fallen into the fluid, the latter would afterwards be
drawn into the syringe through the narrow lumen
of the hypodermic needle. This must have caused
a fair mixing up of the contents. The contamination,
though permeating every dose, even fraction of a
dose of this fluid, as happened in Lieutenant-Colonel
Semple’s Experiment 8, Appendix B, and in mine,
Appendix C, of the Commission’s Report (p. 44),
could not, in the Commission's opinion, pm'm{:zulﬁ

it so uniformly as to correspond to the degree of
uniformity exhibited by the Mulkowal cases (incuba-
tion period of five and six days; length of illness
varying from one to five days; issue, as is practically
usual in tetanus, fatal).'

The Lister Institute refers to the above supposition
thus : * that the growth was a fairly uniform one, as
must be supposed from the similiarity and fatal issue
of the disease in the nineteen cazes.”

Had an impurity fallen into the bottle at the time
of using it, variation in the dose of tetanus virus con-
tained in different portions of the fluid should bave
cansed variation of the disease, notably a greater
variation than was observed at Mulkowal : this is the
supposition involved.

But this supposition is destructive of the one which
the Commission adopted a few lines higher up, when
they were dealing with a most decisive feature of the
case.

Notably, they were confronted with the variation of
doze as is exhibited, on the one side, by the immeasur-
ably small amount of virus which “ clinical cases " get
infected with in Nature ; and, on the other, the dose of
14 ce. of a several weeks' accumulation of microbes
and toxine which would have been injected into the
Mulkowal cases had tetanus been growing in the bottle
since its preparation or its despatch from Bombay.
In the presence of this extraordinary variation of dose,
the Commission laid it down that the Mulkowal
patients might have exhibited the same course of the
disease ag iz exhibited by not very severe average
clinical eases in India. (The matter iz referred to
in the text of this letter under C(p. 50)). In this case the
variation of dose was not considered by them as en-
tailing a variation in the resulting disease.

The Commission showed that they were aware of
the incompatibility of the two suppositions when they
ingerted in their thesis the words ** though not of great
vigour,” which are obviously meant to mifigate the
contradiction contained in their preceding passage.
But this reservation is also inadmissible ; for, had the
bottle been contaminated in Bombay, the vigour of
the growth that would have developed in it is now
known, vide the text of this letter under B (p. 49). It
would have been great; and this is in the way of
the Commission’s conclusion.

The following seems to me the correct conception of
the matter —

{a) If the Mulkowal cases exhibited the same course
of illness as average clinical cases in India do, this
is a decisive indication that the dose of virus which
they received substantially corresponded to the natural
dose, unmultiplied by culture, that is such as elinical
cases get in spontaneous infection.

() Whatever amount of uniformity the Mulkowal
eases exhibited, is intelligible in view of the common
origin of the tetanus specimen injected, and of the com-
mon way in which the patients were contaminated. For,
in nineteen natural cases the infecting microbe would
have varied as to its origin, and consequently, its bio-
logical and toxic properties, and as to the accidental
impurities which would bave aecompanied it; the

! Report dated November 12th, 1902, from Captain C. James,
IM.8,, Inspecting Inoeculstion Officer, to the Chief Flagua
Medical Officor, Punjab
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mode of infection would have varied as to the park of
the body involved (trunk, limb, or head), the depth of
the wound and the kind of tissue in which the microbe
had been deposited ; as to the extent of contusion or

ortification inflicted on that tissue at the time of in-
Eatiau, and so forth. Inthe Mulkowal cases all these
conditions, which are known to be the direet determin-
ing factors in the character which this disease assumes,
were the same in each patient, viz,, the same strain of
‘microbes, the same accompanying impurities ; the pro-
phylactic. as cause of the predisposing inflamma-
tion ; the same part of body—the arm; the same
tissue involved, the same closed wound, wiz., that
from a puncture of a hypodermic needle, &z. With
all this, their cases presented eoough variety to
be put on the aceount of the variation of dose and the
variation of individual idiosyncrasies.

(12)

.. The following refers to the experiments to which
{the Commission allude in their above thesis.

The result of Experiment 5, Appendix B (p. 43), is
antagonistic to that thesis.
. Its bearing would, however, appear somewhat
‘diminished by Lieutepant-Colonel Semple having
used for eontaminating bottle No. 3 a large platinum
loop.
- The following is a platinum loop. A wire made of
that metal of the thinness of an ordinary thread is
ﬁut g0 as to form a cirele (loop) at one of ils ends,
thus —

B
|

_._,_.._._...O

. By means of such a wire samples are taken from
fluids, &e., containing microbes ; the bent end of the
wire is dipped into the fluid and withdrawn, a thin
film then remains stretched over the eirele, and by
this film another medium is contaminated when the
wire is Elunged into it. When the loop is small, the
film of fluid may attain some thickness and form a
droplet.

The larger the loop the thinuer generally is the film.
Bhould the diameter exceed that in the above sketeh,
nd generally even in one of that size, when the fluid
;’a a watery one, the film is of an, as it were, inappreci-
able thinness, and with a further inerease of size, one
finds on withdrawing the wire from the fluid, that
nothing at all remains in the circle—the film breaks,
So, after a certain, generally fairly modest, size, the
larger the hole of the loop, the poorer a carrier of
water it is,
. It waa such a contaminated loop that Lieutenant-
%lﬂml Semple introduced into bottle No. 3, and he
found that every dose taken from the hottle im-
mediately after that gave tetanus to a guinea-pig.
The experiment was a fundamental one, for it was
Hindoing the thesis which was adopted by the Com-
mission only a priori and upon which the laboratory
was condemned. If the objection to the result was

that the loop seemed fo the Commission to have been
large, it was interesting to repeat the experiment
with a loop of a somewhat smaller size, and ascertain
that in that case the fluid could in no wise be per-
meated.

To me, however, such a controlling éxperiment
dogs not appear to have been necessary; for there
existed no fluid eultures of tetanus in the environ-
ment of the Mulkowal operators ; bottle 53 N is likely
to have been contaminated with some solid bit of
impurity, and it is certain that an agglomeration of
microbes grown into what is called a * colony "' on a
solid substratum, such as a bit of vegetable, or dung,
or cultivation soil, and packed together into a particls
even of the smallest dimensions, would have con-
taminated Lieutenant-Colonel Semple's hottle No. 3
to a far greater extent than the largest, or, to say
more correctly, any loop dipped into a fluid culture.
All those who have made bacteriological analyses of
garden earth, or who have examined a microscopic
slide made from a fluid culture on the one side, and
from a solid on the other, will agree with this.

In Experiments 6 and 8, Appendix B (p. 44), Lieu-
tenant-Colonel Semple (and sltEsuquentlya sothe Lister
Institute) (p. 47) followed the plan of my Bombay ex-
periment with a bit of straw.! But my experiment was
mtended to show how easily and uniformly a bottle
of fluid gets * permeated " with germs from the
smallest amount of impurity dropped into it. Indeed,
a fairly even average of fifty colonies appeared in each
of the nineteen agar tubes which I inseminated from
such a bottle immediately after. My experiment was
not intended to show the amount of contamination
which can easily get into a bottle. By moving a bit
of straw in a fluid, as Lieutenant-Colonel Semple has
done, only a relatively small number of germs will
stick to its surface, as the latter, in the case of a
straw, is smooth and slippery, and often not easily
moistened by a watery fluid; nevertheless, that opera-
tion appeared many times more than sufficient to convey
tetanus germs into each of the 1} ce. dose of prophy-
lactic. But certainly, the number of germs which
could adhere to a straw under the above conditions
must have been absolutely trivial when compared to
what it might have been if even such a bit of straw
had been allowed to reside for hours together in the
intestinal tract of an animal harbouring tetanus germs,
as would have been one of the natural origing of
tetanus. Had I wished to give an idea of the amount
of contamination which can get into a bottle handled
without precaution, I would bave taken, not an im-
pervious body, as a straw, but the smallest particle of
loose garden soil, such as mentioned above, and of
which, one may say, the whole substance is practi-
cally composed of ome solid agglomeration of microbial
germs. In such a particle of matter the number of
mierobes is so enormously great as to it being almost
difficult to express it in figures.

There is, further, E’*'HITI“ ground for saying that even
the procedure adopted by Lieutenant-Colonel Semple
was sufficient to convey to each fraction of a dose in
bottle No. 4 enough germs not only to be revealed by

P Appendix C, Indian Commission’s report, p. 44,
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culture (his Experiment 8) (p. 44) but to give tetanus
to an animal or man. For, as 1 had mentioned to the
Commission, Vaillard and Ronget have shown fourteen
vears ago that two or three tetanus germs conveyed
with a particle of earth were sufficient to give tetanus
to a guinea-pig. In the Mulkowal cases the inflam-
mation eaused by the prophylaetic was there to act as
a predisposing factor; and in each 1} ece. dose of
Laeutenant-Colonel Semple’s bottle No. 4 there were
numerous tetanus germs, as a drop taken from the
1 ce. of fluid left in the bottle gave a culture in
Experiment 8. The drop contained, therefore, at
least one bacillus; but most probably there were
many more than one to start the culture with ; for
the latter did not take long to develop; '*a typical
growth of tetanus was present on the third day.”

(2) and (3)

Tae Opovr oF A TeETanvs CULTURE.

Vide above, * My, Haffkine's obhservations on Dr.
Elliot’s evidence,” pp. 37 and 38,

(4)
ErrecT o8 ARIMALS oF TETANUS CONTAMINATED
ProPHYLACTIC,

(a) Vide Experiment 3, Appendix A, Indian Com-
mission’s Report (p. 43) : J; ee. of an ordinary tetanus
culture failed to affect a guinea-pig; whereas, in the
case of a tetanus culture grown in prophylactic, 4
part of a loopful gave tetanus to a guinea-pig on the
fourth day (Experiment 5, Appendix B).

(6) A numerical comparison is possible from the
following (vide Experiment 2, Appendix B, of the
Commission’'s Report) : Aeccording to the Lister In.
stitute’s caleulation, the dose of 14 ce. injected, in
the experiment just referred fo, into the first thirteen
animals, corresponded to %5 of that amount of
original fluid, #.e., to 5 %5 ce. (vide Lister Institute's
Report, Section 3) (p. 45). These may have been the
animals that were first and most severely affected.
After the injection of these thirteen doses, i.e., of
19% cec. of fluid, there should have remained in the
20 ce. syringe,  ce. of that 3-600 fold diluted virus.
This amount was then further diluted to make up a
volume of 9 cc. by a second refilling of the syringe,
and the dilution so effected brought the dese of
original fluid, as given to each of the remaining six
animals, down to ;4355 ce. These six animals in-
cluded probably those that manifested symptoms
later, and of a milder type, as well as the two that
escaped altogether. Now, in addition to being diluted,
the doses of that virus were further reduced by the
action of carbolic acid which preceded the dilutions,
and which, besides affecting the fluid itself, eliminated
all those germs as had not yet formed spores. Of
such, in a seven days old culture, there is present still
a considerable proportion.

The above specified doses are to be compared with
the dose of #; ce. of the ordinary culture (Indian
Commission's Report, Appendix A, Experiment 3),

which failed to affect a guinea-pig, and the dose of
L ee. which gave a gninea-pig tetanus on the third

ji:h}-‘ (same Appendix, Experiment 4). This ordinary
culture had not heen acted upon by ecarbolic acid.

(¢c) The above comparisons refer to the activity of
the Mulkowal germ grown in prophylactic, as revealed
in the doses in which it was capable of taking effect.

The rapidity with which it acted is shown in the
following experiments: From a dose of J; ce. of such
a culture a guinea-pig was found dead the next day
(Appendix B, Experiment 1) (p. 43); while double the
above dose of Lieutenant Colonel Semple’s orﬂinn:g
eulture only rendered a similar animal ill on the thi
day (Appendix A, Experiment 4). A culture of the
Mulkowal microbe, had such been developed in bottle
53 N, should, therefore, have left to the Mulkowal
patients a very short incubation period, a matter
which is conszidered in the text of this letter, under G
(p. 50).

(Sa)

Tae CULTURE FOUND IN THE REMxANTS oF FLuiD 1N
rE MuLEowarn BoTTLE. '

The following was seen by Lieutenant-Colonel
Semple in full bottles of prophylactic when they were
contaminated with tetanus only seven days before:
Experiment 5, Appendix A, Indian Commission’s
Report (p. 43): * Numerous tetanus bacilli were
present in stained specimens.”

Experiment 6, same Appendix : ** Numerous tetanus
bacili and also micrococei were present in stained
specimens.”

Bottle No. 1, Appendix B: “A rich growth of
tetanus germs was found, also other baeilli.”

On the other hand, compared to the cultures just
referred to, the sample of fluid found in the Mulkowal
bottle showed what, in Lieutenant-Colonel Semple's
view, was only *a poor growth of tetanus ™ (vide the
Commission’s Report) (p. 41).

In his original report on that bottle, he said: “A
preparation made direct from the contents and
stained showed a few tetanus bacilli (also micro-
cocei).” Vide also the deseription given by Lieutenant-
Colonel Semple at the Commission’s sitting in Bombay
on January 26th, 1903, and incorporated by the
Commission in the evidence which I was giving at
that moment (the India Office print, communicated to
the Lister Institute, p. 19) : ** Major Semple observed
that when he examined the remnants of the fluid
mieroscopieally he found a couple of microbes in a
field : in another none ; in another a few."

(55)

Vide p. 50. Instead of a dose of & ce. being fatal
to a guinea-pig in twenty-four hours (Appendix B,
Experiment 1, Indian Commission’s Report),' as was
the case with a culture from a full bottle, double
the above dose taken from the Mulkowal bottle ren-
dered a guinea-pig ill after twenty-four hours, and

' Page 43.

-
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caused death a day later, as reported by Lieutenant
Jolonel Semple upon his examination of the Mulkowal
ottle.

£ (6)

|| ExPERiMENTAL FaoTs wHICH WERE woT Knowx
wHES I was givivg Evioesce v Boupbary,

%l:;b the time of giving evidence I referred to the tardy

‘manifestation of symptoms in the Mulkowal patients,
as well as to some other subjects, as a matter for the
Commission's consideration and enquiry. My own
information in connection with the point in question
was incomplete ; notably, I did not know (1) whether
the plague prophylactic in its water-agar variety,
which is a vegetable medium, was as suitable for the
development of tetanus bacilli as are the special media
made for them in laboratories, and in which a virus
of great potency is generally developed; and (2)
:ﬁ'hathar the particular bacillus found at Mulkowal

eame up to the ordinary standard of poteney as
observed in fetanus bacilli, or did not possibly fall
short of this.

- Bubsequent experiments gave a very emphatic
positive reply on these two points.

" On the other hand, I was mistaken in admitting
ithat the tetanus bacillus might secrete in that special
egetable medium as much gaseous matter as ik
gecretes in other media containing, eg., a trace of
sugar. Consequently the pressure of gases, which in
other instances may cause a stopper to come out with
2 noise, is not manifested in that way in tetanus
contaminated prophylactic as I thought it might be.

5 (7)
E OHARACTER OF THE DISEASE EXHIBITED IN THE
Ferozerore Teraxus Case (p. 51).

(Hospital dssistant Maya Dass's Evidence before the
. Tndian Commission.
| I recollect the ecase of a woman inoculated by
Captain Perry, and who afterwards died at 4 a.m. on
8 22nd. 1 saw the woman. I think she died of
She had occasional cramp, and her teeth
[were continuously elosed ; I could not put my fingers
in. She had a temperature of 103°. She drank
othing ; everything poured inside her lips she re-
jected.
i I saw her at noon on the 21st. I stayed with her,
iand sent a clerk to get a tub from the bungalow to
give her a warm bath ; when we got the tub we put
ber into a warm bath.
I saw her last at 5 p.m. on the 21st.
. I heard there had been another case six months
before in a neighbouring house; the two houses had
& common wall,
. I have seen tetanus at the Medical College.
gure this was the same disease.
- There was nothing wrong with the arm, and I eould
Job see the needle puncture.
- I made no examination of her person.
| I have seen two cases of tetanus.
~ Bbe was inoculated before two o'clock on the 19th.
Lhe relatives said she exhibited symptoms, i.e., eramp,
(o0 the morning of the 20th. :
I saw her for the first time for an hour. The
second time they would not let me examine her.

I am

The spasms were less when she was taken into a
darker room.

I1.

REMARES ON THE INDIAN COMMISSION'S
REFPORT.

I find in the Indian Commission's Report and Pro-
ceedings (pp. 40-45) the following points to which, 1
helieve, 1 am right in faking some exception. I
mention first those to which reference has already
been made, viz. :—

(1) The part of the Mulkowal operator's evidence,
when he examined before the Commission the Mulkowal
and other bottles, has been recorded in an abbreviated
form, which gives it a bearing I believe to he different
from the one it had actually. The matter has been
referred to above in  the " Appendix, under (2)
(p. &4).

I find less important omissions, but in an essential
part of the evidence, in the deposition of Dr. Elliot's
compounder. These have been indicated in footnotes
on p. 40.

(2) The Commission, when discussing in their Report
the fact that the hottle was free from odour at Mulkowal,
refer, in their argument, to specialisation of a smell
instead of to detection of the existence of a smell.
[t is spectalisation that requires, as the Commission
say, an experienced person, i.e., one acquainted with
the nature of the smell which he is to specialise ; and it
is again specialisation that is facilitated by the process
(fermentation or culture) producing the smell being
pure, ie. unadulterated by the odour of some other
concomitant culture. But specialisation of an impurity
was not and could not be the object at Mulkowal.
Even in the laboratory, though provided with trained
bactericlogists and the necessary apparatus, on no
oceasion 18 the task of specialising an impurity
attempted, as that task, in bacteriology, penerally
rm:éui]'cﬁ days and sometimes weeks of investigation ;
and in many instances canuot be solved at all.

(3) In the same diseussion, the Commission refers
to the ordinary (“old"” or **standard™) earbolised
broth prophylactie, in place of the water-agar variety.
The first gives out a slight mixed odour of broth and
carbolic; the Punjab operators were not dealing with
this prophylactic at that time; the other hag ne odour,
and it 1s with this material that Dr. Elliot was
working at Mulkowal.

The importance of this guid pro quo is apparent
from the circumstance that the Commission have
hased on it their not taking account of one of the most
essential facts brought out by their enquiry. They
say : " Our persoval observation leads . . . to the
conelusion that all bottles of prophylactic have u
peculiar and not agreeable smell, so that Dr. Elliot,
under the eircumstances in which he was working,
may well have failed to specialise a tetanus smell."

Tle difference between the two prophylactics wasin-
dicated by Dr. Elliot himself, in his evidence re-
ferred to in the Appendix under (2) (p. 54); and he
mentioned the absence of any odour in the water-
agar prophylactic in further support of his statement
that. he could not have missed a bottle having an
odour of any kind. At the same time he proved
before the Commission that be would not have missed
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a tetanus contaminated bottle even amongst bottles of
ordinary, i.e. broth, prophylactic.

(4) In the passage just quoted the Commission
refer to the ecircumstances under which Dr. Elliot
was working; and a few lines higher up they say
that the smell may ne doubt be detected by one on
the alert. This may possibly suggest that there was
something in the circumstances to prevent Dr. Elliot
from detecting the smell, and that he was perhaps
not on the alert; or that without being specially on
the alert the smell given out by a tetanus culture
cannot be felt. But every detail on record indicates
an opposite condition of afiaivs. I beg to refer
to the evidence quoted in the Appendix under (2)
(p- 54).

I mention now the points to which I have not
yet had an occasion of referring, and begin with a
passage which attaches to the matter just treated.

(5) The Commission say : ** The failure to perceive
a smell is undoubtedly a fact that calls for consideration,
but we do not regard it as so conclusive in favour of
tetanus having been introduced at Mulkowal as to
outweigh all other considerations.” It must be noted
that—

(a) A fact, the result of direct examination, would
have to be outweighed by considerations : it is, indeed,
an a priori thesis that the Commission opposes, lower
down, to the facts brought out by the investigation.

(b) The result of the examination in question, ie.,
freadom of the bottle from tetanus odour at the time
of opening it, has been confirmed by every one of the
facts observed and found out subsequently, all of
which will have to be rejected before an opposite
conclusion is possible ; and

(¢) The Commission speak of ** all other considera-
tions "' to be outweighed; whereas by this they refer
to the only consideration adopted @ priori, and which
has been negatived in the Lister Institute’s declaration
of November last.

(6) The Commission broke up the facts opposing
that consideration into two parts, and dealt with one
part of them as being the whole.

I beg to refer to the two broad alternatives between
which the Commission divided their discussion on the
origin of the Mulkowal tetanus. What they had
determined to be the argnment on the first alternative
(vide their text) should, I believe, have ended before
the commencement of the following sentence:
« There is also the important circumstance that on
the examination of the bottle at Kasauli it was found
to eontain tetanus bacilli ; and though not absolutely
conclusive on the point, we have always regarded this
fact as strongly suggestive of the inference that the
contamination was in the fluid.”

My contention will be clear from the following.
The above sentence, though containing a very definite
and clearly expressed idea, obviously lacks verbal
completeness ; for as it stands it would seem to aflirn
that the cireumstance that the bacilli were found in
the fluid was not absolutely conclusive as to their
being in the fluid ; but that the Commission considered
this circumstance as suggestive that the bacilli were
in the fluid.

I believe I am right in saying that the Commission
only omitted at the end of their sentence the words,

«« hofore it had been made use of,” or some similar
ones, and that they meant to say the following : The
fact that the bacilli were found in the bottle was not
absolutely conclusive on the point as to when they had
entered it : but the Commission have always regarded
this fact as strongly suggestive of the inference that
they had entered 1t before the fluid was made use of,
i.e., before it was drawn into the syringe.

By adding the missing words the Commission would
have found themselves in the necessity of attaching the
subject in question to the second portion of their argu-
ment: for that subject refers to the fime when the
bottle was contaminated : before its handling at Mul-
kowal, or during that handling.

I need, I think, hardly add that the passage quoted
contains no explanation as to the reason why the Com-
mission have conszidered the mere presence of the
bacilli in the fluid as suggestive of the time when they
had entered it.

Further, the sentence next to the above passage be-
gins thus: * Weare now confirmed in this view. s
Obviously, not in the view that the bacilli were in the
fluid : for these had been seen in it by direct examina-
tion, and the matter could not be treated as a view;
but—as will be seen directly—the Commission were
confirmed in the view that the bacilli were in &
bottle before any fluid was drawn from it.

« We are now eonfirmed in this view by the experi-
ments set out in Appendix B (bottle No. 4, Exper
ments 7 and 8) which establish' that, though th
were tetanus germs in the } ce. of the fluid left in th
bottle No 4, the conditions in if, when thus emptied
did not permit of their growth, and this points to th
conclusion that the baeilli found by Lieutenant
Colonel Semple in the Mulkowal bottle were the resul
of a growth that had taken place in the fluid.”

This sentence, as it stands, would seem again &
affirm that the conditions in the bottle, when almos
emptied, did not permit of the bacilli's growth, an
that this pointed to the conclusion that they were
result of a growth. The sentence appears fo lack a
the end of it the words: *“before the bottle w
emptied.”” The reference to the time at which tetanu
growth had taken place in the fluid, transfers agai
the matter to the second portion of the Commission’
argument, i.¢, the one dealing with the time of th
contamination of the bottle.

Similarly, the whole of the remaining text of tha
first, the ampler, half of the Commission’s argumen
belongs to the second, the shorter, portion. Th
phraseology appears to me to betray this in the follo
ing sentence: ** We therefore are unable to acce
the argument that the freedom from tetanus of tho
persons subsequently inoculated shows that the specifi
contamination could not have entered the syringe, an
after full consideration we think that the contamina
tion was in the fluid.” The connection between th
two parts of the sentence, bound together by th
conjunetion “and,” is not established ; and the word
“ before the latter was drawn into the syringe,” mu

-

S

' Ag is to be seen from the Lister Institute's Report, Section
Lisutenant-Colonel Semple and the Commission wers misl
the result of the experiments in question.
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be put at the end of the passage to make at once
clear the meaning of the whole. Moreover, the
‘statement, **after full consideration we think that
‘the contamination was in the fluid,” when a little
'while before it was stated that the baeilli had been
'seen in the fluid, is inexplicable without the omitted
‘words. As the sentence meant not to affirm that
the contamination was in the fluid, but that it was
(there before the fluid was drawn into the syringe,
the matter belongs to the second half of the Com-
‘mission’s argument,.

It will be seen from the Lister Institute’'s Report
that, whereas the Indian Commission’s plan of dis-
‘cussion was, not to refer to the time of eontamination
‘only in the first half of their argument, the I[nstitute
|ndﬂpte-:l that plan for the whole of their Report.

. The first half of the Commission’s argument ealls
further for the following, mostly t.echmca.] remarks :—

(7). They say: “. . . To deal fivat with the
theory that the needle may have been the seat of the
mischief, it is a remarkable circumstance that the con-
tamination should have survived only so long as
bottle 53 N was in use, and then have ceased to mani-
fest itself.”

The possibility of contamination by a needle has
' been verified in the Lister Institute’s Experiment 2,
i.ﬁppandlx G to their Report (p. 48): a contaminated
- needle carried tetanus germs down to the seventeenth
consecutive injection (an eighteenth and nineteenth, to
 correspond to the Mulkowal numbers, have not been
tried). After this a syringeful of carbolic was drawn
‘into the syringe, as was done by Dr. Elliot at
- Mulkowal, and no more tetanus germs were got out of
that needle. A susceptible animal having the seat of
injection bruised or ioflamed by a concomitant
impurity, or prepared by a chemical reagent, would
have taken tetanus after each of the above seventeen
injections. (Vide indeed Vaillard and Rouget’s experi-
‘ments in the Annales de U'Institut Pastewr, 1902,

referred to above (p. 54) in the Appendix, under
(18).}
(8) The Commission say: * Then Lieutenant-

Colonel Semple has made an experiment in which a
similar needle dipped in a tetanus culture, and used
immediately alterwards on a guinea-pig, failed to
impart tetanus.”

1t is not stated, in the deseription of this experi-
" ment, whether the needle was not one sterilised by the
| hot oil method ; nothing would adhere to such an
- piled needle mmnenta.uly dipped into a fluid eulture.
' The matter is not essential for the same reason as
| mentioned on another occasion : there were no fluid
cultures of tetanus in the operator's environment at
‘the moment of fixing the needle on the syringe, to
eontaminate it in the manner under consideration.
If, in place of that procedure, Lieutenant-Colonel
- Bemple bad taken a tetanus contaminated grain of
- earth and dropped such into the nozzle of the needle
- ab the time of fixing the latter on to the body of the
t{nnge as might occur with a needle picked up from

e ground ; or even if he had proceeded as the Lister
,.;Inatltute dld in the experiment qLu:rI:Ed above, in
which tetanus germs were allowed time to adhere to
tha needle (Experiment 2, Appendix G of their Report),
-ﬂ:e result would have been greaily different. It must
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also be pointed out that both ILieutenant-Colonel
Semple and the Lister Institute used ¢ pure ' cultures
of tetanus. Such are never met with in Nature. In
bottle 53 N also, Lientenant-Colonel Semple found a
concomitant impurity, as was inevitable; and if is
impurities, of which a number have now been pointed
out by tetanus investigators, that help this baeillus to
take effect. Moreover, as mentioned before, the pro-
phylactic fluid causes in man a very considerable
inflammation, and thus creates another *tetanus
favouring " circumstance ; whereas the animals experi-
mented upon by Lieutenant-Colonel Semple and the
Lister Institute are hardly affected by the prophylactie
at all.

(9) The Commission say: *“On this fact has been
founded the argument that the freedom from tetanus
of those subsequently inoculated is inconsistent with
the theory that the specific contamination could ever
have entered the syringe.” For adequately treating
this matter, the sentence should have been completed
by the addition of the words: **in such an amount as
would be repr esented by a tetanus culture in a bottle of
prophylactic.” In my letter fo the Commission's
Secratary ( Lieutenant-Colonel Semple), dated Bombay,
February 4th, 1903 (p. 85), I explained as follows :
< The objection I mentioned against a tetanus culture
having been drawn into the syringe, is maintainable in
regard to such a culture as found by Major Semple.
If, on the other hand, contamination was introduced
just before the syringe was filled, the amount of
it may have been such as to admit of the rinsing of the
syringe rendering it innocuous.”” I stated this in the
above letter, as I thought that, in my verbal evidence,
I had not presented that consideration with the ful-
ness pertaining to it; and further took some pains to
render the matter clear by a specially made experi-
ment, and wrote about it to the Commission's Secre-
tary, on the Sth of the same month (vide Appendix C
of the Commission’s Report), (p. 44.)

At the time of my giving evidence and writing those
letters in Bombay, I did not know the real abundance
of a tetanus culture which develops in a full bottle of
prophylactic. At present it is known that had tetanus
been in such a bottle for a few days, the abundance of
organisms would have been far above that which
Lieutenant-Colonel Semple found in the sample of
53 N when it reached him at Kasauli.

(10) The Comrmission say: * The experiments that
have been made by Lieutenant-Colonel Semple,
appended to this Report, show, we think, that the
argument is so far well founded that where a fluid
containing aculture of tetanusis used, the syringe, even
alter it has heen washed out with a 1 in 20 solution of
carbolic acid, may retain enough contamination to
affect fluid with which it 15 subsequently filled. The
extent, however, of its influence varies according to
the richness of the growth between fatal results and
absence of all manifestations.” ;

The culture which in Lieutenant-Colonel Semple's
experiments gave fatal results {Ltpernnent i -"Lppan{iu.
B), (p. 43) had been made just in the mndstmn:. in
which tetanus would have developed in bottle 53 N, had
the latter been contaminated in Bombay, or even only
a few days before the Mulkowal operations. It is such
a culture that interests us in the present instance, and
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of which it is desirable to know whether it existed in
the bottle at the time of inoculation.

That it did not so exist is indicated by two concrete
vesults which mutually agree and explain each other,
viz. (a) on examining the Mulkowal hottle Lieutenant-
Colonel Semple found initno such culture ; and (b) after
a mere rinsing of the syringe there was, at Mulkowal,
absence of all tetanus manifestations, which would
have been paradoxical had Lieutenant-Colonel Semple
been wrong in his above finding, and had bottle 53 N
contained a Bombay infected fluid.

The Commission do not draw these conclusions, and
explain as follows: * There are no means of forming
an opinion as to the precise richness of the growth in
the bottle 53 N beyond Lieutenant-Colonel Semple's
view that it was a poor growth in comparison with that
which he used in his Experiments 1 and 2, Appen-
dix B,” and they conclude, * alter full eonsideration
we think that the contamination was in the fluid.”

In this explanation the Commission assume that the
condition of the bottle as to tetanus development was
the same when Lieutenant-Colonel Semple saw it as
when it was first opened at Muolkowal ; for, if not the
same, an opinion on the precise richness of the growth
found by Lieutenant-Colenel Semple would not ad-
vanee us, in the present argument, in regard to the
Mulkowal events. The argument then (even after
being completed with the words mentioned on p. ab
above) appears affected by a double petitio principit.
For the assumption that the growth seen by Lien-
tenant-Colonel Semple had already developed when
the fluid was drawn into the Mulkowal syringe cannot
figure in an argument enquiring whether that growth
ever entered the syringe, or ever was in the fluid ; and
if it entered the syringe, it is impossible to consider as
an unknown, and useless to examine by experiment,
the question as to whether it was of a richuess to be
followed by fatal results or by an absence of all mani-
festations - for it is known that none of those inocu-
lated at Mulkowal, after the rinsing of the syringe,
suffered.

The assumption which figures in the above argu-
ment as a premise is iteelf founded upon an experiment
by Lieutenant-Colonel Semple, as referred to by the
Commission higher up. This experiment had not
given a full reply on the point, as the Lister Institute
has correctly ascertained (p.45), and had led the Com-
mission to a premise which, even when taken outside
the above argument, is unwarranted.

Regarding the whole point, on which I have dwelt
perhaps longer than I should have done, the Com-
mission say : ¢ We therefore are unable to accept the
argument that the freedom from tetanus of those per-
sons subsequently inoculated shows that the specific
contamination could not have entered the syringe.”

1i the wording of the argnment they refer to is
completed, as it should have been, by the addition of
the words, ‘*in such an amount as would be repre-
sented by a tetanus culture in a bottle of prophy-
lactie,” that argument is to be maintained.

(11} Inthe above reasoning the Commission refer to
Lieutenant-Colonel Semple's Experiments 2, Appendix
A, and 2, Appendix B, in the first of which the result
was absence of all manifestations, and in the second,
fatal incidents. :

Regarding these experiments, it must be remarked
that Experiment 2, Appendix A (p. 43), was evidently
only a preliminary one and very much different, as to its
circumstances, from the Mulkowal case and from
Experiment 2, Appendix B (p. 43)—I refer to the size of
the syringe ; the time during which the contaminated
fluid was left in contact with that instrument; the
number of animals on which the syringe was tried;
the fluid—sterile broth—which was used instead of
a fluid causing inflammation. Then the syringe was
« washed out” with carbolie ; this procedure possibly
differed from the one used in Experiment 2, Appen-
dix B, and which corresponded to the Mulkowal
procedure ; and, lastly, it is not certain whether the
syringe used was not one usually sterilised by the
hot oil method, as is practised in the Kasauli
Laboratory, or had not its plunger oiled with vaseline ;
neither of which conditions obtained in the Mulkowal
case. Contaminated fluid would not moisten and
adhere to an oiled barrel.

Under the conditions in which that experiment
was done it is impossible to draw from it conclusions
regarding the Mulkowal events, or to compare its
vesult with that of Experiment 2, Appendix B, in
which the Mulkowal conditions were very much more
approximated. In other words, the difference in
result between these two experiments was prepared
by a greater deviation of conditions than merely a
difference in the richness of growth.

[t remains thus admissible that even with the
poorer growth used in Bxperiment 2, Appendix A,
the vesult might have been a positive one had
the Mulkowal conditions been more closely realised.
This experiment, however, lost its importance on
account of Experiment 2, Appendix B, having given
positive results; and it may ouly be pointed out
again that even in the latter experiment the animals
experimented upon differed from man by not getiing
the inflmmation which he gets from the plague
prophylactic.  Further, for gathering an accurate
idea of the state of infection of the syringe, in-
formation is wanted as to whether the two animals
which escaped, out of the nineteen, as well as those
that developed milder and wmore tardy symptoms,
were not injected after the second refilling of the
instrument. A detail of lesser importance is thak
the syringe had not been filled with contaminated
fluid twice, as was the case in Mulkowal. It was,
however, left in contact with that fluid for bwo
minutes.

In the second half of the Commission's argument,
i addition to the remarks made already, the following
is essential :—

(12) The Commission mentions as an admissible
premise—which they afterwards conclude to be in-/
applicable to the Mulkowal case—that the contamina-
tion might have effected an entrance at Mulkowal,
and say : ¢ Thus, by way of illustration, the stopper |
or the foreeps might have been dropped on the ground
and applied to the mouth of the bottle with con-|
tamination adhering, or spores settled between the|
rubber stopper and the rim of the bottle, might have
dropped in as the stopper was ulled out.” '

It appears to me gravely prejudicial to the,
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elucidation of the case that the Commission quote
the above by way of illustration, as a possibility,
and omit bringing into line the following actual
gircumstances, viz., that it came out on evidence
that the forceps was dropped in opening the Mulkowal
bottle, notably when that opening was partly done,
the gga:aﬁiqu being then completed with that forceps
picked up from the ground; and that such an
occurrence, as well as the dropping of the cork, was
a common one in the practice of the eompounder
who was dealing with the Mulkowal fluid ; that the
procedure by which danger should have been obviated,
viz., sterilising the instrument in the spirit lamp,
was abolished by the rules prescribed to and prac-
tised by the operators; that the contents of the box
in which boftle 53 N was carried was exposed to
dust, in the open, on successive occasions since at
least the week before the opening of that bottle;
that the latter itself was so exposed during the
operation, at the time when a gathering of peasants
was crowding around; and that the procedure of
burning the dust on the cork and rim was equally
abolished in the Punjab technique and substituted for
by a manipulation which could not prevent danger.

(13) The Conimission’s reasoning contained in the
passage beginning with the sentence: * It must be
conceded that . . . " and ending with the sentence :
“It is therefore clear, accepting all that this train
of thought implies . . . " will, I think I may venture
to say, meet with a chorus of dissension from every
‘bacteriological institution in the world.

Besides what I am bound to designate as its
intrinsic arbitrariness, it presents this particularity,
‘which distinguishes it from all the Commission’s
preceding mode of reasoning, that, while up to that
point they were taking for guidance the result of animal
experiment, and this not only in prineiple, but even
in degree, in the present instance they for the first
time refuse to apply to man a rule which has no
exception, whatever susceptible animal or whatever
disease be taken, viz., that a dose of ready manu-
factured toxin hastens the incubation of a disease, and
the development of a fatal issue! On this subject
other remarks are to be found in the text of this
letter, under C (p. 50.)

(14) While in the passage just referred to the
‘Commission refuse to admnit the influence of the dose of
 wirus upon the symptoms of the disease, in the a priov:
| thesis on which they condemn the laboratory, they
' base themselves on a postulate requiring rigorous
-B?ualit}r of dose to correspond to a certain similarity
(of symptoms. On this point further remarks are
‘contained in the Appendix to this letter, under (1a)
and (1b) (pp. 52 to 54).

In concluding the above remarks I do not know
whether I need mention: again that when I admitted
in Bombay, before I could make actual experiments,
that the stopper of a bottle of prophylactic con-
taminated with tetanus might come out with a noise,
I was mistaken, as I have already explained in the
Appendix to this letter under (6) (p. 55). The Commis-
gion are therefore right in saying: © To the absence of
explosive noise we attribute no importance.”

B! Tide Commission’s Exp. 1, App. B., p. 43; Lister Institute's
Exper. 2 and 6, App. F.(b), p. 47.
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II1.
REMARKS ON THE REPORT OF THE LISTER
INSTITUTE.

It has been mentioned above that the Indian Com-
mission opposed to the facts brought out by the
enquiry an a priori thesis to the effect that contamina-
tion entering the fluid at Mulkowal could not have
affected nineteen people in the way it did.

The position of the Lister Institute regarding this
premise has been determined by experiments on the
following two points :—

(1) The first related to the question as to whether
it was necessary, in the nature of things, for contami-
nation to have entered the fluid at all ; whether it
could not have happened, as it used to happen in
surgery, that tetanus was conveyed to the patients
(and fluid) by a septic instrument, notably the syringe
needle.

In my Bombay evidence I dealt with this eventu-
ality as a possible one. Lieutenant-Colonel Semple's
Experiment 1, Appendix A (p. 43), led the Commission
to the opposite conclusion. By a slight approximation
to probable real circumstances, notably by using, not
a wet needle, fresh from a momentary dipping into a
contaminated fluid and which the operators were not
likely to have had at hand, but one on which contami-
nated matter had been allowed time to dry, the Lister
Institute obtained different results. They ejected
with such a needle a syringeful of harmless fluid, in
twenty doses of 1 ecc. each, and ascertained that
tetanus germs were conveyed down to seventeen con-
secutive ejections, the eighteenth and nineteenth not
having been tried. After filling the syringe with
carbolic lotion and emptying it in the way it was done
at Mulkowal, at the end of bottle 53 N, there securred
what the Indian Commission had considered as a re-
markable ciwwrcumstance, notably, no tetanus germs
were further obtained from that needle (Appendiz G
to the Lister Institute's Report, Experiment 2) (p. 48).
[t is true that the writer of the report, in summiog
up the above result, used the following terms:  This
experiment shows that a seriously contaminated
needle (dried), under the test conditions, does not give
uniform infective results, either before or after the use
of the carbolie solution. The infective material tends
to disappear at the end of the ejection of the first
syringeful and bas disappeared after carbolic washing.”

But the actual result was there, and it was obvious
that the needle used was far from presenting the
utmost limits of contamination. Also in the Mul-
kowal circumstances there were conditions aggravat-
ing the case of the patients such as were not present
in the Laboratory Experiment (vide notes on p. 57,
under (T)and (8)).

Consequently, in accordance with their experiments,
the Indian Commission had pronounced it as established
that the tetanus tmpurity was primarily v the fluid ;
whereas the Lister Institute was able to follow them
only to the extent of accepting this as a probability.

I must add that when discussing the above matter
in Bombay I did not know yet how Dr. Elliot had
actually dealt with the needle, nor were the facts sub-
sequently described by the compounder as to his pro-
cedure at Mulkowal known to me.
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(2) The other point was the following: Contami-
nation, whether it came from the needle, foreeps, eork,
or other source, was brought in contact with the fluid
and contaminated the latter. When examining the
sample left in the bottle, fifteen days after Mulkowal,
Lieutenant-Colonel Semple saw in it a poor growth
of tetanus. That growth, when so developed, was
sufficient to give the bottle an extremely marked
odour.

The facts brought out by the enquiry had indicated
that, at the time of using the bottle, there was no such
growth. Could it have developed since ?

In my evidence in Bombay I stated that it could.

Lieutenant-Colonel Semple tested this in his Experi-
ment 7, Appendix B (p. 44), and concluded that it
could not.

The experiments made by the officers of the Lister
Institute have amended this result. They saw that
the conditions deseribed by Lieutenant-Colonel Semple
“did not permit of the growth of a pure culture of
tetanus,"” t.e., of a culture which is never met with in
Nature ; but that *“ in those cases where it was sown
in assoclation with aerobic saprophytic organisms,
growth oecurred.”  The Inpstitute accordingly con-
ecluded : ** We think, therefore, that Lieutenant-Colonel
Semple's experiments eannot be held to exclude the
possibility of contamivation at the time of the opening
of the bottle ™ (p. 45).

The above may be summed up as follows: The
Indian Commission had divided their discussion on
the origin of the Mulkowal tetanus into two portions,
notably under two alternative heads :

(a) In the first they considered whether contamina-
tion had primarily penetrated into the fluid. They
concluded that it did, the Lister Institute accepted
this only as a probability.

() In the second h:jf the Commission considered
the time when contamination penetrated into the fluid,
and concluded, on the ground of their a priori thesis,
that this occurred before the opening at Mulkowal.
In thiz the Lister Institute did not follow them
they negatived the Commission’s thesis and abstained
from saying anything else.

The Institute’s view was conveyed to you by the
writer of their Report in the following words :—

First wording: * Although of opinion that the
evidence points strongly to the infection being in the
bottle at the time of the inoculation, we agree with
the Commission that it is quite impossible to deter-
mine at what stage in its history, and in what way
bottle 53 N became contaminated."”

Second wording : * The conclusions of the Institute
coincide with those of the Commission that in all
probability the tetanus was at the time of the in-
oculation in the fluid contained in the bottle, but
that it is impossible to determine at what stage in
its bistory or in what way bottle 53 N became con-
taminated.”

In the first passage, the initial portion, that be-
ginning with the concessive conjunction ** although,”
expresses what was the Institute's limit of agreement
with the Commission ; and seems to prepare the
reader to find in the next portion the dissentient
park.

There it actually is.

The Commission had reported

that the bottle was contaminated prior toits Mulkowal
opening, and indicated three laboratory stages between
which they thought it impossible to chose, but one
of which was, in their opinion, the origin of the
mischief.

The writer of the Institute's Report, without drawing
undue attention to the matter, included the Mulkowal
handling among the bottle’s ** stages of history **; and
to render the pronouncement less obtrusive prefaced
it with the words * we agree."

In the second passage, which was to go forth as the
Institute's conclusion, he transferred the words of
agreement from the middle to the top, and embraced
both statements, the one in which the Institute dis-
agreed with the Commission in considering the subject
matter as a fact, and admitted it only as a probability ;
and the other, in which they disagreed with the
Commission fundamentally.

When the above was published to the world, every
one understood that two seientific bodies, the Indian
Comunission and the Lister Institute, had found that
tetanus contamination which caused the loss of
nineteen lives oecurred in the laboratory.

In November last, when the Director of the Institute
was asked by you to explain more elearly the Institute’s
position, he went a step further than the Repork
warranted bim. For, on finding, as mentioned above,
that the Mulkowal aceident was possible without
contamination having ever reached the fluid, the
Institute had abstained from dealing with the question
as to when that econtamination had probably reached
it. Had it wished to do so, I presume that it would
have proceeded not by speculation, but by examining
in detail, and making a clear pronouncement on, the
facts which bear on that question.

The Mulkowal bottle had been in the Punjab for
twenty-six days, and in possession of the Mulkowal
operators since at least the week before the accident
(vide Dr. Elliot’s evidence); and as the Director of the
Lister Institute has now ventured the surmise thab
that bottle had probably been contaminated prior to
its opening for use, I examine the Instituie's Report
in order to see whether there are indicated in 1t any
sireumstances, oceurring within a day or two of the
accident, and which were more directly conducive to
contamination than were the circumstances at the
time of using the bottle (vide pp. 39 and 40); or
else to see whether the Institute negatives the facts
indicating that the bottle had been free from tetanus
up to a maximum of three days of the accident.

As was indeed likely, nothing is mentioned in the
Report on the first alternative. E

Regarding the second, I find there the following
references to the faets in question. .

(1) and (2) Those detailed in the text of this letter
under B and C on pp. 49 to 51 are not mentioned.

(3) Regarding the condition of the bottle as ex-
amined at Mulkowal (Section A, p. 49 and Appendix 2,
p. 54, of this letter) the Institute says: *From
consideration of the evidence, and in the light of
experiments (vide Appendix F), the Institute agrees
with the Commission that in all probability the tetanus
was at the time of the incculation in the fluid con-
tained in the bottle, but the fact that a hﬂtt_la pre-
sumably tightly corked (vide Dr. Elliot’s evidence)
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hould contain enough tetanus growth to destroy nine-
gen people, and yet not be accompanied by sufficient
mell to arouse the suspicion of Dr. Elliot, who,
jecording to his evidence, remembers smelling this
sarticular bottle, is difficult to comprehend.””

From the Institute's declarations it is patent that in
is passage the word “fact™ is put in in place of
suggestion.” For the whole matter of enquiry, the
question asked of the Institute was as to whether it
was a fact that bottle 53 N contained a ¢ growth ™
a culture) at the time of using it; and the Institute
leclared that it could not be considered as a faet.

p first passage of the Report contains, therefore
| refutation of the Indian Commission's pronounce-
ment, but the writer of it mixed up the issues. The
orresponding portion of the passage should have
seen worded approximately as follows : * But the
guggestion that it had entered the fluid previously and
fhat there was a four to sevenm weeks' old growth in
the bottle, and yet not to be accompanied by a sufficient
ell,” &e. .

Further, whether a bottle may contain enough germs
o cause nineteen tetanus cases and yet not be ac-
gompanied by a smell, is evident from the Indian
Commission's Experiment 5, Appendix B (p. 43), one
gontaminated **loop,” brought in contact with a bottle
of prophylactic, gave it enough tetanus for affecting
irty animals ; but that bottle most assuredly had not
fhe slightest perceptible vestige of a smell. If
‘prowth ” had been allowed to take place in that
jottle, a smell would have rapidly developed, as it
H‘F&lﬂ d in bottle 53 N after its handling at
E[ulkowal At the latter moment bottle 53 N was in
an analogous position to that of Lieutenant-Colonel
Bemple's bottle No. 3 (p. 43) in that there was no
amalf in it; in accordance with this, no growth had

taken place in it; yet it contained enough tetanus to
affect nineteen (in Lieutenant-Colonel Semple's case
thirty) subjects.

(4) In connection with the matter considered above
under D (p. 51) the Report does not defer nor object
to the Commission’s decisive Experiment 2, Appen-

dix B (p. 43). Instead, it makes certain remarks
simulating some controversy with me. The remarks
are irrelevant. In the experiments regarding the

number of germs required to cause tetanus to a
guinea-pig (p. 47), the Beport deals with a culture
artificially weakened in its effect on animals, instead
of with a microbe of such activity as was found at
Mulkowal. Then the culture is taken in a pure con-
dition which is never encountered in Nature, and the
animals are not prepared as the men were prepared
at Mulkowal by the prophylactic inflammation. It is
known, since the first discovery of this germ, that
tetanus bacilli obtained in an aerobic or imperfect
anaerobic culture do not affect animals, or affect them
only feebly. In a number of cases an animal appears
as an agent more susceptible to an impurity contain-
ing a trace of virus than cultivation media are. A
guinea-pig injected with a suspicious sputum reveals
in it tubercle bacilli when a eulture fails to do so;
a rat does the same in regard to mere traces of plague
bacilli present in dust, and a guinea-pig does the
same In regard to the germ of tetanus in a minute
grain of earth in which a culture fails to show the
presence of a single bacillus, as evident from Vaillard
and Rouget's experiments quoted above.

I abstain from other eriticisms to which the text of
the Institute’s Report and of its Appendices is open.”

Letter from Lister Institute, dated December 5th,
1906, vide p. 34.
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