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REPORT ON CERTAIN ENTERIC FEVER
INOCULATION STATISTICS.

ProvipEDp BY LIEUTENANT-CoLoNEL R.J. 8. Simrson, C.M.G.,
R.AM.C.

By KARL PEARSON, F.R.8.,
Profeszor of Applied Mathematics, University College, London.

Tae statistics in guestion were of two classes : (A) Incidence
B) Mortality Statistics. Under each of these heading:s the

ta belonged to two groups : (i) Indian experience; (ii) South
African War experience. These two experiences were of a
gsomewhat different character. That for India ecovered appa-
rently the European army, of whatever branch and wherever
distributed; that for South Africa was given partly b
locality, partly by column, and partly by special hospital.
Thus the Indian and South African experiences seem hardly
comparable, Many of the groups in the South African
experience are far too small to allow of any definite opinion
being formed at all, having regard to the size of the probable
error involved. Accordingly, it was needful to group them
into larger series. Even thus the material appears to be so
heterogeneous, and the results so irregular, that it must be
douiitiul how much weight is to be attributed to the different
results. :

The following groups were made on the basis of Lieutenant-
Colonel Simpson’s table (see Appendix A). :

A. Ingidence.
South Africa:
I. Hospital Staffs, Sece Appendix B, Table (1).
II. Garrison of Ladysmith. See Appendix B, Table (=)
III. Methuen’s Column, See Appendix B, Table (3).
IV. Group of three special Regiments : yth Hussars, C.I.V.’s, and
sth Battalion Manchesters. See Appendix B, Table (4).

India: -,

V. Army in India. IfereI have taken only the data for years rgoo
and rgoz, as I am told that the statistics for 189 are not fully
comparable with thosefor the two later years. See Appendix
B, Table (5). -

B. Mortalily.
South Africa:
I. Hospital Staffs. See Appendix B, Table (6).
1I. Garrison of Ladysmith.® See Appendix B, Table (7).
III. Special Regiments. See Appendix B, Table (8).
IV. Group of special Hospitals, South Africa. See Appendix B,
Table (g). !
V. Varlous military Ilospitals. See Appendix B, Table (10).
India :
VI. Army in India, rgoe-z. See Appendix B, Table (xz).

# No mortality experience was given in the case of Methuen's column.

After some consideration, it seemed best to reduce the
above dala by measuring (1) the association of inoculation
and escape; (2) the association of inoculation and recovery by
aid of the ﬂoyﬁiuw_nt of correlation® extracted from the four-
fold tables given in Appendix B, by the method treated in
a memoir published in the Philosophical Transactions, vol. 195,
A, pp. 1 10 47, 1900. The chief reason for using this method
is that it enables us at once to compare the enteric fever
inoculation returns with the results for vaccination and anti-
toxin treatment in the case of diphtheria, which have already
been dealt with in this manner.

For example, taking the relation between deaths and
recoveries, and presence and absence of vaccination scar in
cages of emall-pox, we have :?

Correlation.
Metropolitan Asylums Board Returns,
Epildemlic 1343 e e w0508 <+ olon7
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A PAN T RAN AT AR DA RPN LTS was ses  WLULD TN QUMY
Sheflleld, 1887-8 we G76g & o012
Homerton and Fulham, 1873-8s we 0,576 + ac0p
London: Epidemic 1gor v 0.578 4= o.o31
Glasgow: Epidemic rgoo-a o.629 + c.o30

We may safely say that the protective character of vaccina-
tion as against mortality after incurring small-pox is very
substantial, and numerically it is represented by the valueo.6,
which is fairly closely the actual result for the varivus
epidemics which have at present been dealt with.

The correlation between 1.-te'\t:u:n'.ns.-r,\};1 and the administration of
antitoxin in laryngeal cases of diphtheria is 0.47, and between
need for tracheotomy and the administration of antitoxin is
0.24." We may therefore state that when the correlation
is as high as 0.6 it is admitted that inoculation or vaccination
is a distinct advantage; that, even when it is o.24 to
0.47, it has been universally adopted, as in the case of
the antitoxie serum treatment of diphtheria, by the medical

rofession. If, therefore, with enteric inoculation we

nd values as high as o.5, we may rest satisfied
with its wvery considerable ~effectiveness; if between
0.2 and o.5, its justification stands on the same statistical
footing as the antitoxin treatment of diphtheria; but,
if we find the value below o.2, or even 0.3, we ought
to be rather doubtful of its efficiency.* Before working out
the data. the impression formed on my mind was that if the
correlations turned out to be fairly constant and greater
than o.4, we might consider the case for inoculation against
enteric proven ; if irregular and less than o.2, unproven—
that is, it must be of very small value, possibly more than
balanced by concomitant ills; while, if lying between o.2
and o4, further cautious investigation by experimental
inoculation seemed desirable.

The following table gives the results of caleulating the
correlation coefficients of the tables in Appendix B:

INOCULATION AGAINST ENTERIC FEVER:
Correlation belween Tmmundly and Inoculatfon.
I. Hospital Stafls...

+ o373 + o.cax
1I. Ladysmith Garrison ... o + 0.448 + oc.ory
IlI. Melhuen's Column ... e+ 0100 + ocab
1V. Single Regiments e + o2t + o.m3
V. Armoy in Indila ... w + oaoe + oon3
Mean value w4 o220
Correlalion belween Mortalily and Inoculation.
VI. Hospital Staffs ... e + 0307 + o8
VII. Ladysmith Garrison ... « = oo F+ ool
VI1II. Siogle Regiments . + o300 + coop
IX. Special Hospitals e w + oarg + oo
X. Various military Hospitals - + orgy + ooaa
XI. Army in Indis ... i . + 0248 -+ oc.050
Mean value + o153

If we except IV and VII, the values of the correlations
are at least twice (in the very sparse data of VI).and generally
four, five, or more times their probable errors. From this
standpoint we might say that they are all significant, but we
are at once struck with the extreme irregularity and the low-
nees of the values reached. They are absolutely incomparable
with the fairly steady and large values of the vaccination cor-
relations obtained for different edpidemieu and towns., The
effect of enteric inoculation is evidently largely influenced by
difference of environment or of treatment.

Considering the correlation between immunity inoculation,
the order of decreasing intensity is:

Tadysmith Garrison,
Hospital Staffs.
Methuen's Column.
Army in India.
Siogle Regiments.

Indeed, while the correlation is sensibly zero in the latter
case, it is actually negative for the C.L.V.'s. -
Now, the one thing that appears in broad outlines to




corres. ond -with the above arrangement is the extent to which)
the environment was changeable in the gronps referred to*
The single regiments were very rapidly changiog their
environment—the C.LV.'s, perhaps, more than any other
group—the Ladysmith garrison least, and Methuen's column
more mobile than the Ladysmith garrison, but far less than
the single regiments. I am unaware how far the inoculated
ortions of the Indian army were seeing actual gervice of any
Einﬂ during the years igoo to 19o1. But, so far as these
statistics can guide vs at all, they would seem to suggest that:
inoculation provided more immunity under constani than
changing environment. It is difficult to explain this on the
basis of an? real theory of inoculation.® 1t would be easier
to account for it if the apparent correlation between inocula-
tion and immunity arose from the more cautious and careful
men volanteering for inoculation. It is far more easy to be
cautious under a constant environment than when the
environment is nightly changing. The order of intensities is.
not inconsistent with a spurious correlation between immunity
and inoculation arising from a real correlation between
immunily and cantion. ) )

Putting on one side, however, the mysterious difference
between the 0.445 of Ladysmith and the practically zero result
for the single regiments, and assuming that the average
correlation 18 real and o.23 about, we may doubt whether this
is sufficiently large to justify the treatment being adopted as
routine. I think we may safely say that the o.1 of the Indian
army is not. Of course, if the Ladysmith garrison result
could be practically reached for all units, whatever their
environment, it would be worth doing, almost as effective as
the diphtheria antitoxin treatment, aithr.mgh still far below
vaccination efficiency. But can any differentiation be dis-
covered, except the stationary nature of the troops between
the treatment and environment at Ladysmith and those, say,
of the C.1.¥.’s ? The matter is at least worth inquiring into.

If we turn from immunity to mortality we see that the
results are even less conclusive. The order of increasing
intensity is now:

Ladysmith Garrison,

Special Hospitals.

Military Hospitals.

Army in India.

Single Regiments.

Hospital Staffs. :

The last item is of small value, as the mortality experience
was very small. Generally this order is the same as that of
decreasing immunity, or, roughly, the environment which
causes inoculation to give the greatest immunity also causes,
when immunity has broken down, inoculation to have
relatively greater mortality. In fact, the inoculated in
Ladysmith, once they had the disease, were more likely to
die than the non-incculated.* =N

Again, if any stress could be laid on the result, it is most
mysterions that an inoculated man, if he caught enterie,
Ero&t.ed less by his inoculation in Ladysmith than if he

ad been with one of the single mobile regiments; while he
would be much less likely, relatively to the non-inoculated,
to cateh it in Ladysmith than in a mobile group.

NEeED ForR FURTHER INVESTIGATION.

To sum up, it seems that, while most of the correlations
both for immunity and recovery are distinctly sensible,
having regard to their probable errors, yet they are so
irregular that little reliance can be glaned upon them as
reprrﬂentinq any definite uniform effect. They certainly
appear to fall into that range of intensity which would justify
suspension of the operation as a routine method. But the
fact that the correlation, while sensible—and, in the case of
the Ladysmith garrison, moderately substantial—is subject
to remarkable variations, seems to urgently suggest the need
for farther investigation,

This might take a two-fold form :

1. An inquiry as fo what happened at Ladysmith., Did the




BETULIL O phe INUCUIELIONn ainer 111 any way Irom LIOAT usual in
India or that administered to the C.1.V.’s, On the whole,
were the inoculated and unincculated at ladysmith in
different units, and, if so, was the exposure to risk the same
in both cases?

2. An experimental inquir{l. If further experimental
inoculations were made, which seem fairly justified by the
Ladysmith if not by the other returns, the greatest care oughs
to be taken to get homogeneous material, that is, men of like

caution, subjected to the same environment. Assuming that
the inoculation is not more than a temporary inconvenience,
it would seem to be possible to call for volunteers, but while
keeping a register of all men who volunteered, only to inocu-
late every second volunteer. In this way any spurious effect
really resulting from a correlation between immunity and
caution would be got rid of.

- But admitting that such an experiment might conclusively
‘answer whether there is a correlation between immunity and
inoculation, and, further, that inquiry might suggest a means
of thrusting up the general mean result nearer the Ladysmith
Afigure, it seems to me that the present statistics show that with
the existing serum or the method of administration it is ex-
tremely unlikely that the effect of enteric inoculation will be
a8 good as the antitoxin diphtheria treatment and will
certainly fall far short of the mortality” result in the case of
vaccination.

If it were not presumption for me with no special knowledge
whatever on the subject to give an opinion, I should say
that the data indicate that a more effective serum or
effective method of administration must be found before
inoculation ought to become a routine practice in the
army. The statistics suggest the possibility of the dis-
covery of a more perfect process, rather than indicate
that the existing method, even if it be shown to give
- a slight correlation between immunity and inoculation, is
really worth continuing as a universal rule of the service.
Hence such an experiment as that indicated above should be
made in the first place with a view to ascertaining whether
any inoculation is likely to.prove useful. If it showed a
definite correlation in homogeneous material of only o.2 or
0.3, I think the right conclusion to draw would be not that it
was desirable to innculate the whole army, but that improve-
ment of the gernm and method of dosing, with a view to a far
higher correlation, should be attempted. In other words, the
“experiment” might demonstrate that this first step to a
reasonably effective preventive treatment was not a false

one, i
APPENDIX A.
INOCULATION.
! Non-Inocu-
! Inoculated. | Tited:
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Staff Portland Hospital ... 28 71— 13 3 I
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No. 6 General Haspitai b | o= 50| 5| =— 477 | 58
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Portland Haai: . s¢] 4| — 178 ag
Btation. Hospital, Harrismith.., .. — by 28| — 047 | 133
] “Hat Red Cross .. .. .| — 15| z = | ge] sl
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APPENDIX B.
—INCIDENGE I'.‘.l‘(PERl'EHCE.
| Inoculated. Non-inoculated. | Totals
| 1. Hospital Sm,ﬂ‘s in South Africa. |

Escaped ... [ 265 ] 204 | afig

Caszesg i} 32 Tz 107

Totals ...  ou | 257 | 279 | 576

2, Garr'l‘m of Ladysmilh in South Africa.

Escaped ..', o I 1,670 I 9,040 ] 10,710
Cages 45 1,489 1.534
Tolals .. sl 1,705 [ 10,529 | 12,234
3. Methuen's Column #n South Africa.

Escaped .. .. 2,500 ] 10,724 | 13,233
Cases 26 257 . e
TPORIE: iG] 2,535 | 10,951 | 13,516
4. Single Regiments tn Soulh Africa.

Escaped ... .. 1 1,135 t 1,203 | 2,338
Cases sa Vel Sl 83 154

Totals .. e | 1,207 i 1,285 i 2,402

5. Army {n India.
Esgcaped .. « ... ] 10,798 l 169,034 | 119,832
uﬂ 565 ¥k 348 3‘ Abis T.475 __:_'SSq___.
T Mot . . vanl 10,882 | 110,500 | 121,391
B.—MORTALITY EXPERIENCE.
6. Hosptlal Stafs in South Ajfrica.

Recovered ... ... I 30 | 63 | 93
Died .. A T 2 12 14
Tﬂtals | 22 | 75 | 107
7. Garrison of Ladysmith.

Recovered ... ... [ ; 27 | 1,160 i 1,187
Died ... 8 329 337
Totals .x  eeel 35 | 1,480 I 1,504
8. Special Regimenls in South 4frica.
Recovered ... vas | 63 1 61 1 124
I_JIpl_i_:_.. g java:) 2t 30
Totals .. | 72 | 8z I 154
9. Specinl Hospitals in South Africa.
Recovered .. .. l 1,088 I 4,453 l 5i54T
Dled .. e e 86 538 G2y
Totals ... . | 1,174 | £.001 | 6,165
10, Various Military Hospitals of South Africa.
Recovered . . ] 7ot l 2,864 - | 3,505
]lied s wes sas 63 510 575




TOWMS . am 704 [ 3374 I #13e
1r. Army€n I'ndia, 1900-1,

Becovered ... ... | 73 [ 1,052 I 1,145
Died o s 1 I & e clatbeelo g 434
Totals .. i« 84 l 1,475 1,550

HoOTES AND REFERENCES.

1 Those who have not had occasion to study the Theory of Correlation
may possibly fird some difficulty in attaching a definite meaning to the
expreasion ** coefiicient of correlation,” usually denoted by the letter **r.”
Without going into the theory of the subject, I offer a few explinatory
remarks which may to some extent clear up the difliculty. When two
characters have no correlation at all then r = o; when they are com-
pletely correlated, or when the idea of correlation pastes over ivto 1hat of
causeand effect, » = 1. The extreme limits between no relationship and
cause aud effect being o and 1, r may take any value between the limils,
the value depending on the intensity of the relationship beiween the two
characiers. We may caleulate r for a pair of characters in one ¢lass—for
example. for right and left femur in man, or for iwo classes with respect
1o a selected character—ior example, for English middle-class fathers and
sons with respect to stature. Many such calculatiorns have been made,
and from the mass of results already obtained I select the following :

High correlation { Right and left femur in man r=ogb

o.75 to 1. ;li;uaj:ulff an&i]ium%ﬁ 1? man i L L r=odo

egight and leogth of pew-born 1nDiants aa T EODR

Considerable | yeaq breadth and face breadth in criminals... r = o6z

clatlon < vaceination and recovery in cases of small-pox r = o 6o

o.50 L0 9.75. English fathers and sors (stature) oV b e P BLET

Moderate j English fathers and daughters (eve colour) ... r = o.44
correlation Low harometer (Hnrway? aud high barometer

o.25 t0 0.50. 1i_ {Lishom) ... e as - T =030

Strength of pull and stature in women... r=o.22

Low correlation | Size of family for mother and daughter (in
n
o ko o.25. man) ...F iy I 5 {.H r=o0.11

s Macdonell, Biomelrika, vol. i, p. 375, et seq., and vol. ii, et seq. 3 Pearson,
Phil. Trans., vol. ¢xov, A. p. 45. *Writing in 1goo of the diphtheria anti-
toxin statistics, I said: The correlation * between administration of anti-
toxin and recovery inlaryogeal cases is substantial, Bufthe relationship
is by no means so great as in the case of vaceination, and if its magnitde
justifies the use of antitoxin, even when balanced against otherilis which
may follow in its train. it does nat justify the ﬂwenmu?ntammenm af ita
effectiveness, which I have I made by medical iriends It seems,
until wider statistics are forthcoming, a case for cautiously feeling the
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