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THE "EFFECTS OF HEAT" DURING THE SOUTH 
AFRICAN WAR. 

By LIEUTENANT-COLONEL R. J. S. SIMPSON, C.M.G. 

Royal Army Medical Corps. 

SUNSTROKE, heatstroke, and heat apoplexy are known to be 
relatively rare in South Africa as compared with other regions of 
high temperature. During the twenty years 1879-1898, which 
includes the Zulu and first Boer Wars, out of a total average strength 
of 92,851, only 28 cases of these three diseases occurred, or 0'3 per 
1,000, of which but 3 were fatal. These 28 cases occurred in nine 
separate years; in the remaining eleven no cases occurred. 

For comparison we may take the three years 1903-05 inclusive, 
where in India, in a total average strength of 211,020, the total 
admissions for all three types were 1,087, with 142 deaths, or a 
mean annual admission-rate of 5'15 per 1,000, with a case mortality 
of about 13 per cent. 

In the South African War, between October 13th, 1899, and 
May 31st, 1902, both -inclusive, the total admissions in all ranks 
for all types of this disease were 1,625, with 15 deaths and 325 
invalided out of the country in consequence of the attack, or a 
mean incidence ratio on the whole strength of 2'68 per 1,000. 

The appended table shows the distribution of these cases, 
97 of which occurred among the officers, 1,528 among the other 
ranks. 

With regard to the construction of the table, the form has 
been arranged so as to show the incidence among the total of 
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244 "Eifects of Heat" dudng the South African War 

the troops from England and from foreign stations as compared 
with the Colonial troops, and also among the Regular troops 
(with the Volunteers) as compared with the Imperial Yeomanry, 
Officers are comparable with the other ra'nks under each of these 
headings, 

The "incidence per 1,000" is an annual ratio, not the mean 
incidence throughout the war, so that differing periods of exposure 
have been allowed for, and the rates are comparable with those 
in the annual reports, 

(2) (a) The Relative Incidence in the various Groups in Series 
of Decreasing Severity, 

Offices Other Ranks 
Imperial Yeomanry 8'07 per 1,000 ± 1'56 5'28 per 1,000 ± 0'28 
Regulars, Volunteers, and 5'35 ± 0'40 3'07 ± 0'06 

Imperial Yeomanry 
Regulars and Volunteers 5'05 ± 0'41 2'90 ± 0'06 

'rotal strength, all classes 4'99 
" ± 0'34 2'79 ± 0'05 

Colonial Troops " 3'79 ± 0'62 1'56 ± 0'08 

The sequence is the same in both officers and other ,ranks, 
(b) The Relative Incidence in Regulars and Volunteers com

pared with the Imperial YeomanTy,-Officers: The actual difference 
(302) is not significant in relation to the probable difference (1'61), 
Other ranks: The actual difference (2'38) is about eight times 
the probable difference (0'29) and is distinctive, The Imperial 
Yeomanry rank and file had then a considerably higher incidence 
than the Regulars and Volunteers, Further, the exposure of the 
Imperial Yeomanry did not begin till the early months of 1900, 
while, as will be seen later, the greatest degree of prevalence during 
the campaign occurred during the first six months of the war, 
Hence the comparison should be made for the same period of 
exposure; this is done later, and the result is that the difference 
is somewhat greater than is shown here, 

(c) The Relative Incidence in Regulars and Vol1lnteers compand 
with the Colonial Troops,-Officers: The actual difference (1'26) 
is not significant in relation to the probable difference (0'74), 
Other ranks: Tbe actual difference (1'34) is about thirteen times 
the probable difference (0'10), and is distinctive, The Colonial 
troops then had a considerably smaller incidence than the Regulars 
and Volunteers, and therefore much less than the Imperial 
Yeomanry, The strength of the Colonial troops is, however, not 
accurately known, and the incidence-rate can only be approximate, 
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A. Officers. EFFECTS OF HEAT, SOUTH AFRICA, 1899-1902. 

REGULARS AND 
IMPERIAL YEo~rANRY 

VOLUNTEERS 

Years exposure to risk 13,467 1,487 

Cases Incidence D. Cases Incidence D. per 1,000 per 1,000 
------------ ------- ----- ----- --
Sunstroke .. .. 42 3'12 2 10 6'72 .. 
Heatstroke .. .. 26 1'93 .. 2 1'35 .. 
Heat apoplexy .. .. .. .. .. .. .. .. 
------------ --- ----- -- -------- --

Total 68 5'05± 2 12 8'07± .. .. 0'41 1'56 .. 
B. Warrant and N.C.O.'s and men. 

Years exposure to risk 415,018 30,682 

Sunstroke " .. 748 1'80 4 110 3-59 3 
Heatstroke " .. 397 0'96 1 51 1-66 .. 
Heat apoplexy .. .. 61 0'14 3 1 0'03 .. 
-----------------1------ --

Total .. .. 1,206 2'90± 8 162 5'28± 3 006 0'28 

0, Differences-A minus B, 

Incidence 
per 1,000 

P_ D. Incidence 
per 1,000 

P_D_ 

------------- --- - ----- ----- ------
Officers 
Other Ranks 

Difference •• 

5-05 
2-90 

8'07 
5-28 

2'79 1'58 

REGULARS, VOLUNTEERS, 
AND IMPERIAL YEOMANRY 

14,954 

Cases - Incidence D. per 1,OlO 
-------- --

52 3'48 2 
28 1'87 .. .. .. .. 

-------- --
80 5'35± 2 0-40 

445,700 

858 1'93 7 
448 1'00 1 
62 0'14 3 

-------- --
1368 307 ± 

' 0-06 11 

Incidence 
per 1,000 P.D. 

2'28 

COLONIALS TOTAL 

4,479 19,433 

Cases Incide.nce D. Cases Incidence D. per 1,000 per 1,000 
--- ---- -- --- -------

13 2'90 .. 65 3'34 2 
4 0'89 .. 32 1'65 -

" .. .. .. .. --
--- ----- ---------- --

17 3'79± 97 4-99± 2 0-62 .. 0-34 

102,518 548.218 

95 0'93 1 953 1'74 8 
56 0'55 " 504 0-92 1 
9 0'08 1 71 0-13 4 

--------
-2-1~~~ 

----- ---

160 1'56± 2'79± 13 0-08 0-05 

Incidence 
per 1,000 r. D. 

0'63 

Incidpl1ce 
per 1,000 

2'20 

P_ D. 

0-34 
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246 "E.ffects of Heat" dU1'ing the South African War 

but as the strength was probably not less than that used, the rate is 
probably not less than the correct rate. 

(d) The Period of Exceptional Incidence.-It will be seen later 
that the greatest proportion of cases among the vVarrant and 
N.C.O.'s and men of the Regulars (and Volunteers) occurred during 
the hot season 1899-1900. Out of 1,206 cases of all types in the 
Hegulars and Volunteers, 372 occurred between October 13th, 1899, 
and March 31st, 1900, leaving 8;)4 cases which occurred during 
the period April 1, 1900, to May 31st, 1902. These give annual 
incidence-rates per 1,000 as below :-

(i.) October, 1899, to March, 1900 7'52 ± 0'26 per 1,000] 
(ii.) April, 1900, to May, 1902 ". 2'28 ± 0'05 

Now tip to the end of March, 1900, the numbers of Iinperial 
Yeomanry were small, nor were they exposed to the same extent 
as the other troops, and for these reasons the whole 162 cases in 
that corps occurred after March, 1900. Vle then have for com
parison, annual incidences as follows :-

Regulars and Volnnteers, April, 1900, to May, 1902 2'28 ± 0'05 per 1,000 
Imperial Yeomanry, April, 1900, to May, 1902 .. 5'28 ± 0-28 

or for concurrent periods of exposure, the incidence in the Regulars 
and Volunteers was about half that in the Imperial Yeomanry. 

Ce) There are, then, fou1' distinct differences in regard to 
incidence :-

(1) It was considerably greater in the officers than in the other 
ranks, except in the Imperial Yeomanry. 

(2) As regards the other ranks alone, it was much greater in 
the Imperial Yeomanry than in the Regulars and Volunteers. 

(3) It was greater in the Regulars and Volimteers than in the 
CQlo~ial troops. 

(4) The incidence in the first five and a half months of the 
war was· much greater than in the corresponding seasons of the 
following years. . 

The ·last difference (4) is of course not of the same type as 
the first three; it is associated with certain definite conditions 
which can be comparatively accurately. specified, as will be seen 
later. It depends oh variations in exposure in the same body 
of men, while the others depend on variations between groups 
submitted to similar exposures. 

This rate of October, 1899, to March, 1900 (in the Regulars 
and Volunteers), is of course only comparable with rates for corre
sponding periods in the following years :-
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R. J: S . . Simpson 247 

.Actnal difference Probable difference 
October to March, 1899-1900 .• 7·52 ± 0·26 

" 1900-1901 •• 3·92 ± 0·14 3·60 0·29 
" 1901-1902 •. 3·48 ± 0·13 0·44 0·19 

That is, in the two later periods, the rates are practically identical, 
and only a little more than half that which obtained during 
the first period, when the incidence was almost entirely among 
the Regular troops, as the Volunteers were too few to influence 
the results, and the Regulars contained a larger proportion of older 
" seasoned" men than at any other time. The Imperial Yeomanry 
are included in the later periods; as their general liability was 
greater than that of the Regulars, the actual rates shown in these 
two periods are slightly less favourable in comparison with the 
Regulars and Volunteers in the first period than was aetually the 

/ case. 
After the end of March, 1900, the various groups were subjected 

to identical conditions as regards exposure, fatigue, and privation; 
there was no essential difference in their clothing or equipment. 
But the Yeomanry and the Colonial troops differed in two respects 
from the Regulars and Volunteers: (1) they were almost all 
mounted men, and (2) they were better paid. Now it is quite 
possible to argue that in the first particular they should have been 
less liable to suffer f):,om the effects of heat, and in the second that 
through the indirect results of the possession of money to spend
the possibility of obtaining drink-they were more liable to suffer. 
But these hypotheses will not meet both cases, increase in the 
Yeomanry and the decrease in the Colonials, unless we invoke the 
aid of some other factor. In the case of the Colonials, this may 
have been and probably was acclimatisation, using that term in a 
wide extension. In the case of the Yeomanry, some factor, possibly 
the second noted above, more than counterbalanced any possible 
advantage due to the first. Here, too, it may be said that the 
Yeomanry were largely composed of men fresh from E~)gland, but 
on the other hand, the Regulars and Volunteers had, as time went 
on, an increasing proportion of young and immature men, while 
their highest incidence rate was at a time when the proportion of 
young men was the smallest throughout the whole campaign. It· 
does not seem possible to strike a balance .between these various 
factors, and so give any explanation of the difference in incidence 
which will agree with all the facts. One other factor remains to be 
mentioned, the matter of diagnosis. No doubt there was consider
able confusion in this respect, as is pointed out below; but this 
element does not seem to be effective if the totals of all types are 
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248 "E.ffects of Heat" during the South African War 

considered, the distribution in the various groups in tl?-e table is 
comparatively regular. 

The difference between officers and men in each group is also 
difficult to account for. There is little· to be said on this point 
which has not been said above. Probably officers were on the 
whole rather more exposed than the men; whether this is sufficient 
to account for the difference in incidence is doubtful. 

(3) Deaths.-The fifteen fatal cases were distributed as follows: 
Sunstroke, 10 in 1,018 cases, including two officers; one case died 
in hospital. Heatstroke, 1 in 504 cases. Heat apoplexy, 4 in 71 
cases; one case died out of hospital. 

'l'he case mortality is less than 0'1 per cent. of all cases. The 
numbers are too small to allow of any statistical treatment. 

The geographical distribution was quite irregular. Two deaths 
occurred at sea,which are noteworthy from the rarity of this 
affection on the high seas. 

The seasonal distribution is curious. Four occurred in the 
quarter January to March (hot weather), four in the period June to 
August (cold weather), two in April and one in September, which 
may be termed intermediate months. Four cannot be distributed. 
Season appears, then, to have been without influence on the death
rate. 

Particulars of the period under treatment are available in 
o . thirteen cases: Two died out of hospital, i.e., suddenly; three after 

two days in hospital; one after four days in hospital; one after five 
days in hospital; two after seven days in hospital; four between 
twelve and fourteen days in hospital. That is, the majority died, 
not from a sudden disturbance or destruction of the nervous 
centres, or from cardiac failure, but from pathological changes of 
slower development. Seven of the deaths occurred in 1900, the 
remaining four of which full particulars are available, in 1901. 
There is little to be. gained by further discussion of so small a. 
number of cases. 

(4) The Validity of the Distinction between the different Types 
of Disease.-It may be said at the outset, that there appears to be no 
possibility of differentiating between heatstroke and heat apoplexy, 
and one is relieved to find that in the last edition of the nomen
clature of the Colleges of Physicians and Surgeons, a source of 
confusion has been removed by the exclusion of the latter term. 

If one examines the manner in which these various terms are 
used in the text-books; the only possible conclusion is that the actual 
pathological conditions to which anyone of these may be applied 
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R. J. S. Simpson 249 

must remain largely a matter of conjecture. But in practice, at least 
in the Service, it appears to be the custom to apply the term sun
stroke to the pathological state arising within a comparatively short 
time after actual exposure to the sun, and the term heatstroke 
when this antecedent is absent. This is no doubt the reason why 
the proportion of sunstroke during the war remained in all the 
groups considerably, and occasionally greatly above the proportion 
of heatstroke, as the history of exposure was almost always 
available. But there is so much confusion in the nomenclature 
of these pathological states, that a comparison of the relative 

E FFECT,s at \-\tAT. 

MEAN MONTflty INCIDENCE PE"R. lOO 000. 

'10 

'\ 8 '\ )() 1\ 1'2.. s- (, 

FIG. I. 

proportions of each type of disease in each of the various groups 
does not appear to be profitable. Hence the admissions will be dealt 
with as a whole, and little attention paid to distinctions between 
types. 

(5) The Seasonal Distribution throughout the Year " Aggregate 
of the whole Period.-This is most easily seen in the diagram, 
fig. 1, where the incidence is shown (for convenience of plotting) 
per 100,000 on the mid-monthly strengths. Two points are evident: 
The greater incidence in the hot weather months, October to March, 
with a smaller incidence persisting throughout the rest of the year. 

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-12-03-01 on 1 M
arch 1909. D

ow
nloaded from

 

http://militaryhealth.bmj.com/


250 "Effects of Heat" dU1'ing the South African War 

Secondly, the month of maximum severity was February, in which 
the~incidence was 43 per 100,000. Investigation shows that the 
decrease iri January is probably accidental, not an expression of 
fact, as the actual differences in the rates in December' and January 

EFH C TS oj HEA.T. M ONT"L,( I Nel DENt£. [><: .. 100000 

So 

40 

)0 

FIG. 2. 

are not significant as compared with the probable differences. 
Hence the curve should show a steady ascent to the maximum in 
February, followed by a comparatively rapid fall. 

(6) The Monthly Incidence throughout the War. (See fig. 2.) 
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R .. T. S. Bimpson 251 

Three elements affect this incidence :-
(a) The strength of troops: (i.) Total strength in the country; 

(ii.) local strengths, i.e., distribution .. 
(b) The severity of the military operations. 
(c) Climatic conditions: (i.) Seasonal variations; (ii.) local 

variations. . 
(a) The Strength of the Troops.-(i.) In the country. Material 

variations occurred during the first months of the war, necessitating 
the employment of mid-monthly strength in calculation. But for 
this, it would have been sufficiently accurate to make use of the 
actual numbers of cases. (ii.) Local distribution was important. 
The concentration on the western line in the hot season· of 1899-
1900 resulted in a high prevalence there as compared with, other 
seasons. As it is impossible to obtain I09al strength, the geo
graphical distribution (vide infra) is materially obscured by this 
factor, as actual cases alone can be considered. But the geo
graphical distribution of. the troops cannot be .neglected entirely; 
this concentration near Kimberley is a case in point. Loca,l dis
tribution was also related to the next factor . 

. (b) The Degree of Severity of the Military Operations.-This 
has, of course, always been recognised as an important factor in 
relation to the prevalence of the diseases dealt with here. In the 
South African War, variations occurred both in time and space. 

The results of these operations were :-
(i.) Direct effect: Unusual muscular exertion and resultant 

fatigue. (ii.) Indirect effect: (a) Interrupted and lost sleep; Cb) 
irregularity and occasional deficiency in the supply of food and 
water. 

Of these, probably the most important is the direct increase 
in muscular exertion, under unfavourable conditions. The recent 
observations of Drs. Haldane andPembnlY, and the observations 
of others at earlier dates, have shown the very important effect 
of muscular work on the internal temperature of the body,' 
especially where the air temperature is high and the clothing is 
not of the very lightest description. "It has also been clearly 
,proved by Dr. Sutton, of Oxford University, that the respiratory 
exchange, and consequently the heat production in the body, rises 
very markedly with even a slight increase in the rectal 'temperature. 
Hence the heat loss cannot catch up the heat production, and the 
body is in a vicious circle" (Haldane, Science Progress, January, 
1908, p.39S).1 Dr. Haldane's experiments show how the body 

1 See also Dr. Sutt~n's article in the Journal of Pathology, July, 1908. 

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-12-03-01 on 1 M
arch 1909. D

ow
nloaded from

 

http://militaryhealth.bmj.com/


252 "Effects of Heat" during the South African War 

temperature continues to rise while the temperature of the air 
continues constant, provided the wet-bulb temperature is over a 
certain "critical point." This tendency of the body temperature 
to continue to increase while the exposure continues, must be a 
most important element in the production of those effects which 
are variously called sunstroke or heatstroke. 

This rise of temperature may be due to a high air temperature 
alone (especially a high wet-bulb .temperature), with little or no 
external work, or to the effects of external work while exposed 
to an air temperature which is high, but not so high as in the first 
case. Dr. Haldane's observations have shown that the two terms, 
work and external temperature, are to some extent interchangeable, 
that is, that the critical temperature falls when the subject is at 
work, and rises when he is at rest, especially in moving air, or the 
combined influence of these two factors forms a constant, possibly 
so far ill defined. Hence, one may use such a phrase as the 
" intensity of exposure" to express the resultant of the two factors
work and external temperature. 

The soldier on service is of course required not only to under
take severe muscular exertion in marching, but in carrying !it 

considerable weight, while at the same time he is hampered to 
some degree by his equipment. No arrangement can ever be 
-devised which will leave all his movements as free as those of a 
man who does not need to carry rifle, ammunition, and food, the 
irreducible minimum. 

It is a familiar observation that the effects of heat are commonest 
when troops are moving in close order, as in column on the march, 
where the centre of the column gets less air than the sides or ends. 
During the actual fighting, the same close formation did not exist; 
the rapid advance in open order was followed hy periods, often 
prolonged, in which the men were more or less prone on the 

. ground, or at least in such a position that they were situated in 
the lowest stratum of air, of smallest velocity and highest tem
perature, where they received the. full radiation from the ground, 
at times when a stone or rock was too hot to touch with comfort. 
Under these conditions, unprotected parts of the body-arms, or 
legs-became highly inflamed from the direct action of the sun, 
an action which personal experience even on Table Mountain has 
shown to be severe. 

It is evident that the more the men are exposed to such 
conditions the more likely are they to show a febrile reaction 

, which may assume the form usually described under one of the 
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R. J. S. Simpson 253 

types dealt with here, possibly with cardiac or cerebral symptoms, 
or may manifest itself as a comparatively mild febricula of short 
duration. A proportion of the cases of simple continued fever 
which occurred on the march to Bloemfontein appear to have been 
of this nature; such at least was the opinion of those who saw 
them at the time, and their rapid and complete recovery when 
placed under more favourable conditions corroborates this. 

(ii.) The" inqirect effects" are more directed towards the depre
ciation of the general" fitness" of the soldier, that is, his power of 
accommodating himself to rapid changes either in his surroundings 
(in this special case, external temp'erature), or in his internal work, 
especially that of the heart. As a matter of common experience, 
prolonged irregularities, either in food or sleep, undoubtedly 
diminish this accommodation, in some cases permanently during 
the duration ,of the conditions, in others of higher adaptability, 
till a still higher degree of accommodation has been attained. 
During the later stages of the campaign, a large number of the 
men had attained this degree of accommodation, as in many 
laborious trades and occupations where men appear to be perfectly 
healthy under circumstances which would break down the new 
hand without this practical training. It is possible that this may 
be, in fact, not due to any higher adaptability of the body, but 
to the art which has been acquired of doing work in the most 
economical way, with the least expenditure of energy, and this 
certainly appears to be a most important factor in the greater 
resistance of the war-trained soldier. 

(c) Climatic Conditions. (i) Seasonal variations: Of these the 
most important are ;-

(1) The conjunction of the hot and the rainy season throughout 
the greater part of the area of military operations. 

(2) The extreme dryness throughout the remainder of the year. 
At all times of the year there is normally a brilliant sun, and 
usually some considerable movement of the air. 

(ii.) Local variat'ions: The greater part of the area of operations 
had the same general character, that of an open upland plateau, 
from 3,000 to 5,000 feet above the sea. The only important 
exceptions were the Krokodil Valley (from which only three cases 
were reported, all sunstroke), the Barberton Valley (two cases, 
sunstroke), and a few shallow valleys such as that in which 
Pretoria is situated, Rustenburg, and certain other small places; 
the coast-belt of Cape Colony (which is in the area of the winter 
rains, and so differs from the rest of the area), and the low ground 
in Natal. 
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254 "Effect8 of Heat" dUTing the South .Afriwn War 

It is, of course, impossible to get any meteorological statistics 
relating 'to any great part of the area of operations during the 
war. The meteorological records in South Africa have been some
what imperfect; the report of the Cape Meteorological Commission 
gives particulars regarding a number of stations, few of which, 
however, are of much value in this connection; similarly, the 
report of the Government Astronomer in Durban gives some 
records -for Natal. Other partial records are also available, but 
none which in any way cover the area from which the cases were 
drawn. ,Ve have, then, neither a correspondence in time nor in 
place between such meteorological records as are available and the 
record of cas~. The meteorological factor can then be stated 
only in general terms. 

Cape Colony is Supan's " Cape" climatic province, sub-tropical. 
The rest of South Africa is included in his "African Tropical" 
_province. In January, the hottest month, the isotherms form a 
remarkably regular system of concentric ellipses, whose major axes, 
situated a little to the east of 24° E. longitude, incline slightly 
from east to west. Practically the whole of the area of operations 
in the Transvaal and OrallgeFree State, Northern Cape Colony, 
and Northern Natal is included between the" January isotherms 
of 92'5° and 82'5°. The isotherm of 92'5° passes through 
Kimberley in a north-easterly direction to the Western Transvaal, 
and it is .in this area that the highest recorded air temperatures 
are met with. 

The table on p. 255 shows som~ observations at certain stations 
in individual years, gathered from various sources, which give an 
idea of the existing conditions. 

The mean maximum temperatures and the absolute maxima are 
seen to be really high at times: the actual date of their occurrence 
is determined largely by the direction of the wind, as in many 
places the hot, dry winds set in comparatively early in some years. 
The two points of greater importance in this connection are the 
absolute wet-~ulb temperature and the relative humidity. The wet
bulb reading of 77"7° in Kimberley in 1897 is the highest which has 
been traced in the material at disposal. Then follow Philippolis 
(74'3°), Bloemfontein (67'8°), and Hopetown (64-8°) at the angles of 
an irregular quadrilateral, in which much of the severest work of 
theeampaign was done. The importance of this area will be seell 
later when the distribution is considered. Kingwilliamstown,with 
a wet-bulb reading of 71'4°, is in a_ totally different geographical 
position, only about. 27 miles from the" sea. Capetown and East 
London are also not comparable with the upland stations. 
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R. J. S. Simpson 255 

The relative. humidity is usually. low ; in none of the upland 
stations are the values unusually high, even at- the worst. Unfor
tunately no records are available from the low valleys away from 
the coast, which have been mentioned above. One would expect 
to find considerably higher figures from these areas. 

~ 

Mean Abso· 
Station maxi- Month lute Month Wet· bulb Month Humidity Month maxi. mum mum 

--------------- ---- --- -------
Kimberley • ~ 96'3 Dec. 102'8 Feb. 77'8 Dec. 75 percent. Dec., 1897 
Hopetown .. 94'5 Dec. 103'0 Nov. 64'8 Dec. 71 

" 
June, 1897 

Johannesburg 85'1 Nov. 95'0 Dec. 61'8 Dec. 68 
" 

Jan., 1897 

" 
79-3 Nov. 92'0 Nov. 58'0 Feb. 80 

" 
Feb., 1904 

05. ! 

" 81'9 Jan. 91'0 Dec. 60'7 Jan. .. Feb., 1905 
06. 

Aliwal North 86'4 Dec. 96'0 Dec. 63'0 Dec. 79 
" 

Jan., 1897 
Bloemfontein 91'4 Dec. 97'4 Dec. 67'8 Dec. 78 

" 
June,1897. 

Cape town .. 83'4 Jan. 104'0 Mar. 66'0 Jan. 85 
" 

July, 1897 
and 
Feb. 

East London 74'3 Jan. 94'0 Aug. 66'4 -Jan. 83 
" 

Feb~, 1897 
Kingwillia,~s~ 84:9 

town 
DEl!)· 108'0 Dec. 71'4 Dec. 82 

" 
April, 1897. 

Philippolis .. 86'7 Feb. 96'2 Nov. 74'3 Dec. 68 
" 

Jan. an d 
Mar.,1897 

Relative humidity 

Maritzburg .• 89'4 Dec. 111'8 Nov. 167 per cent., Jan., 1897. 
\ 68 " June, 1897.-

Pretori~ 
94'0 Jan. 111'0 Jan. 61 

" 
Feb. and Mar.,1906 

84'1 Jan. 91'0 Jan. 67 
" 

Mar., 1906. 
(Robert's 
Heights) 

Another element which has to be considered in this connection 
is the actinic power of the solar radiation, to which some observers 
have attributed those effects of direct exposure which are known as 
sunstroke. There is a good deal of difficulty in dealing with this 
point. The first question to be answered concerns the reality of 
the effects produced by the wearing of garments, or linings to head
coverings or garments, which absorb some part of the radiations of 
shorter wave-length, reality being taken to mean an actual differ
ence in the physical conditions. There appears to be no doubt 
respecting the difference in comfort produced by the use of coloured 
glasses, or better still of smoked glasses, and there is some evidence 
that red clothing or red linings have an appreciable effect. But 
it does not seem possible to account for this on a purely physical 
basis. It is, however, unnecessary to discuss this point here. The 
second question relates to the actinic value of the light in South 
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256 "Effects of Heat" during the South African War 

Africa, and it is convenient to compare it with the light in this 
country as a standard. There appear, however, to be no direct 
observations on this point in South Africa, none at least which are 
complete and available for discussion. One knows generally that 
the average value is greater than in England, on account of the 
lower latitude and the greater clearness of the atmosphere, but the 
sum of these differences is not great. Comparing an average bright 
summer day in England with the average South African day, it is 
probable that the difference between the two is not greater than 
3 : 1, and is very possibly less. A good deal of photographic 
experience in both countries appears to show that, with other 
conditions as nearly alike as possible, results will be satisfactory on 
the assumption that the light in South Africa has twice the actinic 
power of that in England. 

It is difficult to say whether or not this difference is practically 
important in the production of sunstroke. There have been, of 
course, in England occasions (on manc:euvres or route marches) 
where a heavy incidence of all types of these disorders has occurred. 
During the last three years, the incidence in England of all three 
types has ranged between 0·13 and 0·42 per 1,000; this incidence 
is calculated on the total strength in the country, not on those 
exposed under the special conditions referred to. Now the mean 
incidence in South Africa in the twenty years ending in 1898 was 
0·3 per 1,000, and only in the two years, 1886 and 1896, did the 
incidence exceed (and then slightly) 1 per 1,000. 

It is impossible with our present knowledge to separate the 
actinic from the heating effects of the solar radiation. Generally 
speaking, the two increase together, but the actinic power decreases 
before the air temperature, whose maximum is after the greatest 
altitude of the sun. So, in comparing the South African incidence· 
rates with those at home, one has to remember that, quite apart 
from variations in the actinic power, the temperature conditions 
(whose influence is indisputable) continue to be favourable to the 
production of these disorders for about twice the time (at least four 
months) that they are favourable in this country. 

It seems difficult to avoid the conclusion that if variations in the 
actinic power of the light are in any way effective, the results of 
their action are so insignificant as to be obscured by those of other 
and more effective agents. 

(7) It is not possible to separate the effects of these three factors 
-strength, severity of the military operations, and Climatic con
ditions-with any degree of accuracy or detail, but certain of the 
broader features are perfectly distinct. 
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R. J. S. Simpson 257 

Fig. 2 shows the monthly incidence per 100,000 for each month 
of the war. The seasonal distribution is well marked, but most 
striking is the difference between the incidence during the first year 
and that in the other two years. We. find not only a much higher 
rate of incidence, but the continuance of ,a high rate throughout 
a prolonged period. This has been already referred to In para. 
2 (e) (4). From November, 1899, to May, 1900, the rate remained 
continuously above any other rate except those during the actual 
hot weather months of the two following seasons; in fact, even in 
April and May, 1900, the actual admission-rate was not much below 
the hot weather rate of 1902. ' 

The distinguishing feature of this period of . the war, as com
pared with later periods, was the severity of the military operations 
in which the troops were engaged. It covers, on the one side, the 
advance in Natal and the relief of Ladysmith, and the advance of 
General Buller's force into the Transvaal. On the other side, it 
includes the operations under Lord Methuen, the relief of Kimber
ley, the advance to Bloemfontein and to Pr~toria. At no other 
period of the war were so many men exposed to .sucha· degree of 
fatigue and privation. . 

It is probable that a certain degree of adaptation to the climate 
and conditions obtained during the last two years which was 
wanting in this period; those men who had escaped disease were 
harder and fitter than in their first year, and beyond this physical 
improvement there was an adaptation of the means to the end 
which was absent earlier. Men had learnt by experience how to 
obtain the maximum of comfort with the smallest materials, and 
the general conditions of life had in many ways improved. On the 
other hand, the proportion of young soldiers had increased, and the 
physique of the reinforcements did not improve as time went on. 
These reinforcements in gross had the benefit of the experience of 
the others, but still one may set off immaturity of a larger pro
portion of the force against the other conditions, and so eliminate 
both elements, leaving the difference in war conditions as the 
effective element. This appears to be evident in the following 
section. 

(8) The Geographical Distribution.-Materials are available 
from which it is possible to show the geographical distribution of 
the cases of each type for the whole duration of the war. Such a 
statement, however, would be misleading, as it is not possible, for 
obvious reasons, to bring the numbers of cases into. any relation 
with the strengths or even the periods. of occupation of the various 
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258 "Effects of Heat" during the South African War 

stations. A complete ' .• statement:ofthese ~-con(li tions would' mean 
practically a detajIed history of the war. It .has been shown 
previously (para. 2, d) that the incidence during the hot season 
1899-1900 far exceeded that in the next two seasons; 372 out of 
1,206 cases occurred between October 13th, 1899, and March 31st, 
1900, giving an incidence-rate of 7'52 per 1,000, as against 2'28 for 
the remainder of the war. 

On further examination one finds that of these 372 cases, no 
less than 306, or 82 per cent., occurred in two groups of men-,-the 
army in Natal and that on the western line between De Aar and 
Kimberley. Of this 306, 216 occurred on the western line, and 90 
in Natal. One must again, unfortunately, deal only with numbers, 
not ratiosf,but even here a distinction is to be observed between the 
two areas. On the western line, of the 216 cases, 101 occurred at 
Modder River, and 51 at Orange River; these were, of course, the 
points at which the greatest concentration of troops took place, 
but it is to be noted that at Modder River 57, or more than half 
the cases, occurred in. February at the beginning of the operations 
for the' relief of Kimberley. The distribution on the western line 
for this month of February shows the places through which troops 
were passing, and round which operations involving severe exposure 
and fatigue were taking place. 

In Natal, the concentration of cases in close touch with active 
operations is not so striking. Ladysmith contributes only eight 
cases in spite of the stress and privation to which the garrison was 
subjected, a garrison, however, which was almost entirely composed 
of "seasoned" men. The standing camps at Frere, Chieveley, and 
Maritzburg show the greatest number of admissions, and with 
regard to the two former stations it is probable that the admissions 
were in fact cases contracted in the field, which did not pass 
through the hospitals with the field army. In Maritzburg, how
ever, this was not the case, and the incidence there, especially 
in March, 1900, was probably due to the facility with which drink 
was procurable. 

It is unfortunately impossible to differentiate the two elements 
determining the number of cases, the number of men exposed, and 
the intensity of the exposure. In this particular period, October, 
1899, to March, 1900, the bulk of the troops were undoubtedly in 
the areas from which the 82 per cent of the total cases during this 
period were drawn. Outside these areas, the troops were con
centrated in much smaller numbers to the south of the Orange Free 
State and around Stormberg. One then finds that of the sixty-six 
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cases not derived from the two special areas referred to above, an 
important proportion came from the south of the Free State.· The 
predominant influence of the intensity of exposure cannot then be 
shown from these instances, in which mere numbers exposed might 
suffice to account for the distriJ:mtion of cases, but nevertheless we 
must remember the meteorological conditions affecting the west 
and south of the Free State, referred to above, 

We have, however, in the comparison of the first with the two 
succeeding hot seasons a: means of comparing these intensities. In 
neither of. the later seasons were the demands on the troops nearly 
as severe or continuous as those during the operations in Natal 
and on the western line. There was no important difference in 
the meteorological conditions of these three seasons. Yet we see 
from diagram 2 how far the incidence per 1,000 in the first 
season exceeded that in the two succeeding seasons, and further, 
the prolongation of the incidence into the cold-weather months of 
1900, when at Bloemfontein in May, at the time of Lord Roberts' 
advance to Pretoria, a larger proportion of cases was admitted 
than in any other season. 

The admissions at certain stations have been plotted out month 
by month, but the discussion of these figures appears of very little 
use without an intimate knowledge of all that was going on in and 
around these stations. As in other diseases, the investigation of 
the etiology of the effects of heat requires observations ad hoc 
carried on during the period of exposure; the autopsy of the usual 
documentary evidence can only give imperfect results, which, too, 
are misleading if the examination be pushed too far into detail. 
No one with any practical knowledge of the conditions as they 
occurred in South Africa can expect that organised investigation 

. over an area of sufficient extent can be carried on with a staff 
whose time is overwhelmingly occupied with the prevention and 
cure of disease.· Under such conditions, one must work either on 
established lines or. on evidence which is patent; one cannot 
expect to get results of any value from partial and incomplete 
engUlry. Until such time when a staff can be devoted to the 
scientific investigation of disease in the field, that historian is 
wisest who confines his conclusions to the broader results. 

One of 'these results appears of some importance in relation to 
one theory of the etiology of these diseases, and that is the practical 
absence of all types from the hot, deep, and humid valleys of the 
Krokodil River and Barberton. From the former only three cases 
and from the latter only two cases were reported. This did not 

19 
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260 "E,ffects nf Heat" during the South African War 

depend on the absence of troops; both valleys were fully occupied 
during the last two hot seasons, and the troops on their entry there 
-ha;d a very arduous task. 

The following is the general distribution of the cases among 
the Regulars, Volunteers, alld Imperial Yeomanry (not including 
officers): Sunstroke-Total cases, 858; deduct, 31 (" at sea," 8; 
station or date not known, 23), 827. These 827 cases occurred in 
109 stations, an average of 7'6 per station. 565 cases occurred in 
20 stations, none of which showed less tha,n 10 cases, an average of 
28' cases per station, or 18'3 per cent. of the stations returned 68'3 
per cent. of the cases; four-fifths of the stations had only a few cases. 
Heatstroke-rrotal cases, 448; deduct 2 "at sea," 446. These 
446 cases occurred in 75 stations, an average of 6 per station. 
287 occurred in 10 stations, none of which returned less than 10 
cases, an average of 29 cases per station, or 13'3 per cent. of the 
stations returned 64-4 per cent. of the cases. Heat apoplexy
Total cases, 62; deduct 4 "at sea,," 58. These 58 cases occurred 
in 28 stations, no station showed as many as 10 cases. Fifteen 
stations returned only 1 case each, or 13 stations returned 43 cases; 
that is, 46'5 per cent. of the stations returned 74'2 per cent. of the 
cases. 

These figures seem to show that the syndrome termed "heat 
apoplexy," though less prevalent, was more widely distributed than 
either of the other forms. But, as has already been pointed out, 
it is very difficult to accept the validity of the distinction between 
the various types, and any attempt to draw conclusions from this 
is therefore futile. 

(9) Accessory Influelices.' Dress, Food, Drink.-Dress is always 
important in relation to the effects of heat. General experience 
shows that the essentials are that it shall be light in weight but 
not too thin, loose, especially about the neck and over the chest, 
and of a colour and material by which the balance between absorp
tion and radiation is satisfactorily maintained. Sufficient strength 
to resist rough usage at times interferes with one or other of these 
requirements, as for example, in the case of some of the breeches 
issued for the Mounted Infantry, which were heavy and very 
warm. On the whole, however, the service dress in South Africa 
could hardly have been improved on; it was eminently suited to 
the climate. At the beginning of the war there was a tendency 
to too close fitting, and the helmet was generally worn, but these 
two faults were eliminated very early; the felt hat in particular was 
far better suited to the chmate than the helmet. 
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Food.-The quantity was usually sufficient, though periods of 
general deficiency and of partial deficiency did occur. The most 
important fault was the excessive proportion of meat that was issued 
at certain times, particularly during the last.year of the war. 

Drink.-Outside the larger towns, the question of drink was 
not of much importance, both on account of its scarcity and its 
cost. It may have been, in fact probably was, an element in 
increasing the number of cases in such places as Pretoria, Bloem
fontein, Capetown, and Maritzburg. Payments to the troops were 
irregular, and many men, especially those of the Imperial Yeomanry 
and Colonial Corps, were in possession of large sums of money. 

Recapitulation of the Facts.-The chief points may be summarised 
as follows: (a) The incidence per 1,000 of strength during the war 
was (i.) very much greater than during the previous twenty years 
in South Africa-2'G8 against 0'30 per 1,000; (ii.) about half that 
in India during the three years 1903-05-2'68 against 5'15 per 1,000. 

(b) The mortality per 100 cases admitted during the war was 
less than 0'1 per cent., as compared with about 13 per cent. in 
India during the three years mentioned. The mortality in South 
Africa during the twenty years before the war (three deaths in 
twenty-eight cases) is too short a series for comparison. 0 

(c) The relative incidence in the various groups: (i.) The 
incidence among the officers in the Regulars, Volunteers, and 
Colonials was distinctly greater· than among the" other ranks" 
of each group, but there is no essential difference between the 
incidences in the different groups of officers; all suffered to 
practically the same extent. 

(ii.) The incidence among the" other ranks." 
The Regulars and Volunteers showed an incidence which was 

for concurrent periods of exposure (between April ·lst, 1900, and 
May 31st, 1902), about half that in the Imperial Yeomanry-2'28 
as against 5'28 per 1,000. 

The Regulars and Volunteers showed an incidence which was 
distinctly greater than that among the Colonial troops, 2'90 as 
against l' 56 per 1,000. . 

(d) The period of the greatest incidence was during the time 
of greatest military activity, the first five and a half months of the 
war. In the group Regulars and Volunteers the incidence during 
this period was 7'52, as against 2'28 per 1,000 for the remainder 
of the war. 

(e) The place of greatest incidence was the area of most intense 
exposure, that is the western line, with Natal, in which areas 
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306 cases occurred of the 372 which were reported between the 
beginning of the war and the end of March, 1900., 

(j) The seasonal distribution during the last two years corre
sponded with the temperature curve; during the first year there 
was an unusual prolongation into the cold weather months. 

(g) Meteorological observations are imperfect and incomplete, 
but those which exist show that the area in which the operations 
for the relief of Kimberley and the advance to Bloemfontein took 
place is probably a region where the mean maximum and wet-bulb 
temperatures are at least as high as in any qther part of the area 
of operations. 

(h) The deep humid valleys of high mean temperature did not 
show a large proportion of cases. On the contrary, the numbers 
are probably smaller in proportion to the strength than from other 
localities. Here the possibility of some confusion with malarial 
fever must not be overlooked. 

(J) Accessory causes-dress, food, and drink-had little influence 
on the general prevalence of these diseases. 

Gonclusions.-'1'he materials are, as has been shown, imperfect, 
and for this reason only the broader facts can be dealt with. '1'he 
followiUg conclusions appear justifiable :-

(i.) In the majority of cases, the etiological factor was the 
combined influence of exertion and a high external temperature. 
This appears evident from the distribution of cases in time and 
space. There appears to be no need to introduce the hypothesis 
of an unrecognised organism to account for the facts. 

(ii.) Positive evidence of the influence of the actinic power of 
the sun is wanting; analogy leads one to believe that this influence 
can at most be only secondary. 

(iii.) '1'here appears to be a probability of some degree of accom
modation, of the acquisition of an increased power of resistance to 
the disturbing effects of exposure, seen in the small incidence on the 
" seasoned" garrison of Ladysmith, the differences between the three 
groups-Colonials, Regulars and Volunteer, and Imperial Yeomanry. 
Part of this is certainly not vital, but the result of economy of 
labour due to experience; part, however, may be due to a readjust
ment of the regulating mechanisms of the body, as in the case of 
stokers, puddlers, and others employed in similar occupations. 

(iv.) The mortality among the cases was so small (under 0'1 
per cent.) as compared with India, that it suggests a great difference 
in the type of disease. If the differentiation of types is to be relied 
on, heat apoplexy in South Africa was as usual the most fatal, but 
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even here the death-rate-,-four deaths in seventy-one cases--was low. 
One has to remember in relation to this possible difference in type 
that in South Africa the period between sunset and sunrise is at 
its worst comparatively cool, and that for this reason the exposure 
to a temperature which is detrimental is always shorter than it is 
in India. 

This appears to be the only particular in which these diseases 
in South Africa differed from similar diseases elsewhere, the com
paratively small morbidity and very low mortality. In respect of 
other particulars, there was little departure from the results of 
previous experience, but the prolongation of the campaign through 
three hot seasons enabled one to see more distinctly than is usually 
the case, the close association between excessive exposure and 
incidence, and the effect of accommodation. The case was simpH
fled, too, by the absence of malarial' fevers from the greater part 
of the area of operations. In no previous campaign in a hot climate 
has such an opportunity been afforded. 
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