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I TINTRODUCTION

Arneth's llethod; variations of "normel',
Cooke and Ponder's Method; +the Polynuclear Count,

The Normal Polynuclear Count. (a) In Britain.
(b) In different countries.

Factors influencing the Polynuclear Count,

1. Climate and Location.

2. Temperature and Infra-red Radiation.
Se Ultra=-violet Radiation and Serum Calcium,
4, Heredity and Species,

Se Agee

6e Menstruation.

.7. X=rayse.

8e Chemical Factorse

9s Time of Day and of Year.
10, Diet and Meals..

The Aim of the Present Investigation.

Changes in the neutrophil polymorphonuclear leucocytes
of the blood may be quantitative or qualitative, The present
investigation will be concerned only with physiological changes
and primarily with qualitative changes measured by the degree
of nuclear development and subéivision. Quantitative studies
of the neutrophil polymorphs will only be considered in
relation to such qualitative changes with a view to interpreting

their nature.



Arneth's lethod.

The numerical study of qualitative variations in tﬁe
neutrophil polymorphonuclear leucocytes was begun by Arneth
in 1904.(1) His method consisfs essentially of a numerical
assessment of th; neutrophil leucccyte population of the
peripheral blood, based on a sﬁbdivision of cells according to
the shape of their nuclei, The cel;s are placed in different
_roups according to the degree of segmentation of the nucleus,
Since then a great amount of literature has aﬁcumulated on his
method, which has come to be known as the Arneth Coint. From
the beginning it was known that certain pathological states
(infections, in particular) affected the Arneth Count but it
was also found that wide variations in the "normal" occurred, °

Thus Chemberlain an@'Vedder (1911)(2) using Arneth's method
found a marked left shift (i.e. an increase in the proportion of
cells with one or two lobes at the expense of the proportion
with three, four and five lobes) in Filip;nos. Breinl and
Priestley (1914-15; 1915; 1916~17)(5) by Arneth's method
found a shift to the left in Buropean children living in
Queensland, in native adults and children of New Guinea and
aboriginal children of North Australia, as compared with the
"normal" results in Burope. These authors attributed the
difference to clim;tic conditions, Macfie (1915)(4) found a
left shift in Buropeans and Natives resident in the Gold Coast,

and suggested malarial infécfion as a possible cause,
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Cooke and Ponder's lethods

With the publication of Cooke and Ponder's book on the

(5)

Polynuclear Count in 1927 their more simple method to a

large extent replaced that of Arneth in subsegquent investigations,.
Theyvpoint out the obvious drawbacks of Arneth's method.

Firstly the count is too complex to be of service in clinical
medicine, the neutrophil polymorphs being subdivided into

21 classes. A Secondly, a great deal of expérience is required
before reliable results can be obtaineds They quote Rayevsky

as stating that 40,000 observations were made before he became
accurate, Thirdly the personal factor is liable to be very
great, so that the results of different observers are of little
value for comparative purposes. DLastly the full count as described
by Arneth does not provide any more information than {he
Polynuclear Count of Cooke and Ponder.
| Esséntially Cooke and Ponder's Polynuclear Count (hereafter
referred to as the Polynuclear Count) consists of a division

of the neutrophil polymorphonuclear leucocytes into five

classes, according to  the number of lobes in the nucleus. They
ingist that each lobe should be joined by nothing more than

a filament, The count is written as percentages of cells in
various classes; e€ege

I I IIT Iv v
9 26 48 15 2

For the sake of brevity and for comparative puposes the

count is frequently expressed as an index; thus the total

of Classes I ad II, ¥he one and two lobed cells, may be used;
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in the above example the index would be 35, Bushnell and

Treunoltz () suggested an index calculated by adding half the

cells of Class III to the total of cells in Classes I and II.
Both these j_ndicés have the disadvantage of chiefly reflecting

the cells with few lobed nuclei, though of course the numbers

of cells in Classes IV and V will vary inversely with the numbers

in the first three classes.

(£.2) (which has been used throughout this

The Weighted Mean
investigation) is a very sensitive measure of the distribution
of the population of neutrophil polymorphs in the bloods It
is moreover rather more-sensitive to the.nmn'ber of cells in the
multiple lobe classes; according to Cooke and‘Pond.er these
are the cells to alter first in abnormal states.

The Weighted Means of counts done by Cooke and Ponder's
method are much lower than those obtained when Arneth's standards
of nmuclear subdivision are used, so that results obtaihéd T the
two methods are not strictly comparable; for example, may cells
which in Arneth's count would be in Class III are in Classes I |
and II of the Polynuclear Count because of Cooke and Ponder's

insistence that a mere indentation does not constitute a

subdivision of the nucleus into two lobes,

1. The Weighted Mean is calculated by multiplying the
number of cells in Class .I by one, those in Class H by two
etce and dividing the sum by the total number of cells.
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The Normal Polynuclear Count (a) In Britain

le Cooke and Ponder (1927)(5) examined 90 persons of both
sexes between the ages of 12 and 55 yearse They insisted on a
very strict health standards. The average of these counts was:-

I I III Iv v Weighted Mean
10 25 47 16 2 2. 74

Range 2,47 - 3.11le The counts wers symmetrically

distributed about the mean,

7
2+  Kennedy (1952-55)( ) using a slightly less stringent health
standard examined 90 healthy medical students in Scotland and
found the following average count:-

I I1 IIT Iv v Weighted Mean
13 30 43 10 4 : 2,628

Standard Deviation 0,19, There was a statistically
significant shift to the left as compared with Cooke and
Ponder's results; this hg attributed to his use of a less strict
health standard.

It may be noted here that in these investigations the time of
" day is not stated, only one count per person was done, and the
time of vear, weather or temperature are not mentioned.

- On the whole, however, these figures do not greatly differ,
but when we come to Survey the literature of the "normal values"
in different countries wide variations are noted,

*
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TABLE 1

(b) In different countries

The Polynuclear Count of Normal Subjects in Different Localities

TOCALITY | RACE | NOLOF | AUTHOR  |Av. ]vHIGH | IOW |S.E. 'STANDARD
SUB- | WM. | -EST | -EST | OF DEVIATION
JECTS . '? H MEAN
New York | American, 100 fA'l()eI)I.s 2430 | 2,56 2.14 | - -
5 . (8 ! % !
Iraq Iragis 134 K?nr)ledy 11,994 | 2,68 ' 1,37 ;0,024 0,273
. (9 ! |
Iraq British, 134 Kennedy (14935 2,50 135 0,019 0,222
! : & lackay :
| () ;
Egypt  British 30 Sl(law) 2,077 2,46 1,87 10,024 0,135
| | (n : { :
Egypt | Egypt- 50 Shaw 298  2.46 1.84 0,021 0,148
;‘ { ians : f
Mouk- | Chin- 42 Pai 12,073 2,55 < 1,80 0,027 0,178
. den | ese - (12) ; |
Britain | British; 90 :Cooke& 2,740 3,11 : 2,47 0,019 0,18
: . Ponder !
Britain | British | 90 | Kennedy [2.628 3.05] 2,18 | 0,020 0,19
Dublin | Burop- | 50 |Dewsmst 260 - | = |0.024 0,172
| _ean - (13) o |
Dublin | Non- | 50 'Dewarst [2,60° =~ | = [0,0210 0,151
' Ruropean’ i ! : 5 ? :
Wigan  British = 25 gM?chod 12,61 . 2,99 2,19 | 0,04 = 0420
14)
Australiai Austral= 25 |  dos [2:64 2,96 2,18 ; 0,038 0,19
Florida | Americsh 25 | do. 2,58 2.87 2.24; 0,032 0,16
Celifia| Americen) 25 do.  !2.57 2,84 2,25 0.034 0,17
Alberta | Canadim 25 | do. 2,55 2,94 2,15 0,046 0,25
Colorsd | American! 25 0.  2.45 2,93 1.90 0,046 0,22
South | S, .25 | do. 2,44, 2,86 1,67 0,05 0,25
. Africa Aﬁ'icanz : _ 5
New York| American; 25 dos 2,44 2,78 2,18 0,032 0,16
Japan Jepan- | 25 | do. 2,34 2.86 1,86 0,043 0,20
: ese - | f :
China Chin- 25 do. 2033 261 2,02 0,033 0,22
' i ese : i ’
Greece | Greek 25 dos 12,31 2,79 1,78 0,06 | 0.27
! ' : ; |
NoSyrial | Aloites: 326 1.84] 1,04
Bengall Indien 50 Das 1.64 2025 1e40 (o029 0o 205
' Gupta ] :
(17)
Tangen- | Various 37 {Burke- 2,65 - ! = - -
. yikal Gaffrey ;
(18) : i
Bengal &| East 500 |Demmrst |2,40! = | = - -
B.Afxaj African

H
1. A lax health standard was used in selecting subjects
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From the results shown in Table 1 it is clear that great
variations in the normal value of the Polynuclear Count occur,
and it is now proposed to examine the various factors known to
affect the count (apart from pathologigal states) with a view
to explaining these differences and perhaps throwing light on
the physiology of the polymorphonuclear neutrophil, In addition
mention will be made of factors which might be expected to affect
the Polynuclear Count, but in fact, have been shown to have no
effect,

Factors Influencing the Polynuclear Count

1, Climate and Location.

In order to attempt to understand the way in'which climate
affects the Polymuclear Count the relevant literature and
diverse opinions will be critically reviewed,

Abels (1933-34) working in New York and using Kennedy's health
standard, studied 100 subjects and found an everage Weighted
Mean (W.M.) of 2,30 with a range of 2,14 to 2,56, Theseresults
were quite “incompatible with those of Kennedy in Britain. He
discusses possible fallacies of technique, but points out that
Pondei' and Kennedy worked together, and their counts agree;
and Ponder checked Abels' technique personally, which makes
this error unlikely. He concludes that locality is responsible
for the iifference.

' Peterson (1954)(19) working in Michigan followed two
subjects every second day (excepting holideys) from December to

January, and from this deduces complicated relationships between
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’ the blood count and the weather, Except for one chart he gives
no record of the Polynuclear Count, and readings cannot be made
from this chart, as there is no scale. He suggests correlation
between eosimophilic peaks and "periods of stimulation" with a
shift to the left in the Polynuclear Counte

'Kennedy (1954-55)(9) and Kennedy and Mackay (1935-36)(10)
investigated the Polymuclear Counts of 134 normal Iraqis and
134 normal R.A.F. persomnel in Irage They found a very marked
left shift as compared with Kennedy's own results in Britain,
There was no significant difference between these two groups
in Iraqe They also.noted that pathological Polynuclear Counts
in Iragqis amd British subjects who were ill in Iraq, were shifted
more to the left than would be expected in similar groups in
Britain,

The maximum shade temperature varied from 98-116°F during
the Iraqis' investigations, and from 100-115°F during the British
series in Iraqe It would thus appear that race does not affect
the count but that some factor (or factors) operates in Irag,
which does not occur in Britain. These authors suggest that as
both temperature rise and ultra~-violet radiation (vide infra) are
known to affect the count under certain conditions, these may
be important factors in accounting for the left shift (relative
to the British "normal") found in Iraqe

Pai (1935) éxamined,v first of all,' 60 "apparently healthy"
Chinese of both sexes, between the ages of 13 and 50 years;

of these he eliminated 18 who had a rother more marked left
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shift than he expecteds He did this "in ordertto avoid exaggerafing
the diffefence between the two seriest The specimens of blood
were taken over a period of 3 years, between the hours of 9 a.m.

' and noon, and during summer and winter, The average W.M. of

the 42 remaining subjects was 2,073 which was significantly
different from the normal in Britain.

Pai then made 9 coints on 4 healtfyBritish subjects in
Moukden, where he had carried out the previous investigation.

He found that they had a left shift of the same order as that found
in the Chinese living there.

He also noted that the Polynuclear Counts of two healthy
Chinese subjects altered from the Chinese "normal" %o the British
"normal" when they travelled from China to Britaine The counts
were not done during the voyage but two were done in Moukden
and seven in Britaine PFinally, Pai noted a shift to the right in
the sunmer at Moukden; four counts done in the summer gave a
Wolle of 20245 as compared with the average of 38 counts in the
winfer which gave a W.M. of 2,050, Unfortunately the small number
of cases means that this diffefence is not statistically significant.
It is to be noted that it is cold and dry in winter at lloukden,
while dry and wet heat alternate in the summer. Pai cautiously
suggests climate as the cause of the summer-winter variation,

MacLeod (1935) approached the subject somewhat differently
and collected groups of 25 blood films f‘rom}:a.ny parts of the
worlde The subjects were all "normal" adults by Kennedy's

health standard; a few were rejected because of indications of
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abnormality in the white cellss The highest average W.l. was
2064, in Australia, and the lowest, 2,31, in Greece. MacLeod
found that the means for Australia, Wigaﬁ, Florida, Alberta

and California did not differ significantly. The means for

New York and Colorado were significantly different from those

of the above localities, and were in the same class as those of
South Africa, Japan, China and Greece. He concluded that these
variations were due to differences iﬁ locality and not errors

in countinge He states that "climatic conditions eeee in the
ordinary sense ofthe word do not sppear to be a factor of much
importance, for the clim te is not uniformly better in those
localities with a high count than in those associated with a low
count"se He also noted that normal subjects from the same locality
are remerkably constant,

It may be objected however that MacLeod studied a very small
number of people, and if he wished to consider climatic effects
in detail he should have mentioned the climate and the time of
day and year when the films were takene

Shaw (1936) investigated first of &l1, 68 healthy Egyptians
of both sexes, between the ages of 19 and 38, living in Cairo.
He insisted on a fairly rigid health standard, and eliminted 18
of those who had minor abnormalities in their blood counts, thus
conforming roughly to Kennedy's health standard, The blood was
taken between the hours of 9 aeme and 1 pems during the winter
months, October to Jamuary inclusive, when the maximum shade

tempe rature ranged from 65-81°F, He found an average Weighted
Mean 0f2.128 with a Standard Deviation of 0,148,
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Secondlys he studied 30 male British adults in Egypt, the blood
being token in Mgy, October, Jmuary and Februery (during which
period it may be noted, the temperature varies considerably in
Egypt)e These subjects had been in Zgypt for periods of two weeks
to five years. He found a Weighted Mean of 2,077 with a Standard
Deviation of 0,135, Thus Egyptian and British groups in Egypt did
not differ significantly from fne another, but showed a significant
left shift compared with Kemnedy's British resul tse

Thirdly, Shaw studied two persons travelling from Egypt o
England and back: he found that within a few weeks of arrival
in England the Polynuclear Count had reverted to the normal wvalue
for Britéin. Similarly on return to Egypt, within a few weeks
the count was much shifted to the left, corresponding with his
normal values for that country. (It may be noted that in this
last experiment only 7 blood counts on 2 persons were done)

Shaw thinks that temperature camot be responsible for the
initial shift to the left in Egypt, Iraq or China, although it
may account for the difference in its degree. His results also
agree with those of Pai, Kennedy and Mackay in that race is not
a factor in accouqting for the different values of the Polynuclear
Count in different countdies.

Dharmendra (1941) who did not insist on a very strict
health standard, examined 50 Indians in Calcutta, and found an
averaze Weighted Mean of 2,014, with a Standard Deviation of 0,132
He again suggests temperature or ultra-violet radiation as

the most likely factors causing the shift to the left relative
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to the "normz1" in Britain; he could not however reconcile Pai's
shift to the right in the summer with the fact that the hot
_climate in Iraq was associated with a left shifdt,

From 1944-1946 Dewhurst (1949) carried out Polynuclear
Counts on 500 East African natives in the Highlands of Kenya and
later in Bengale. A shift to the left was observed in both
Kenya and Bengal. He also noted no difference between two groups
of fifty subjects, one Buropean and the otle r Non-European, in
Dublin, again confirming that race is of no significance in

determining the value of the Polynuclear Count.

2¢ Tempe rature and Infra-Red Irradiations

Kenned.y and Mackay(lo)‘ state that a Turkish bath gives
rise to a left shift, but according to Arneth (1920)(20) a
hot bath does note Bierman (1954)(21) found a left shift after
artifically induced hyperpyrexias Dewhurst (1949) stresses
the action of infra-red radiation on the body, and states that
its mode of action is by heating the tissues. He performed a
series of experiments in which guinea pigs were exposed to infra-
red radiation of 4,000 to 40,000 Angstrom units and a temperature
of 105-115°F. After 9-12 hours 21l the guinea pigs had a
significant left shift; with short periods of exposure the
effect on the Polynuclear Count was more varied, and some of the
animals had a2 shift to the righte He concluded that a left
shift could be produced by infra-red radiation and suggested
that this may be an important factor in accounting for the left

shift observed in the Tropics.
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3¢ Ultra-Violet Radiation and Serum Calcium.

Exposur"e to ultra-violet radiation was shown to produce
a left shift in animals by Kernmedy and Thompson (1927—28)(22)
and in children by Sanford (1929)525) Purther studies of the
mechanism of this left shift by Climenko (1930 a and b)(24) showed
that in rabbits ult ra-violet light produced a left shift and a
rise in serum calcium, and that the maxizmm{rise in serum calcium
and the maximum left shift coincided in time and extents (The
serum calcium estimations were done by the reliable method of
Kramer and Tisdall.( 25)) He also found that he could produce
this left shift and the rise in serum calcium by giving injections
of irradiated eréos’cerol or collosal calcium; further, these
substances, given by routes whiéh did not result in an effective
rise of serum calcium, failed to produce a left shifts It was
concluded that the mode of action of ultra-violet radiation was
therefore, not by the production of a specific: substance which
stimulated the bone marrow, but by the changes in serum calcium
levels produceds

No e\;idence has been‘ fourd in a review of the literature

to show that prolonged exposure to ultra-violet radiation will

maintain a left shifte

4 Heredi'gz and Spe cies.
A femilial form of leftkhift having no effect on health

was first described by Pelger (1928)526) although according to

Tilestone (1957)(27)‘ this original communication to the Dutch
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Pathological Society merely elludes to a demonstration of two
patients with a rare anomaly of the leucocytes which is not
described in details Pelger does not appear to have published
any further work on the subjecte According to Huet (1952)(28)

who described three families, the familial form of left shift

is transmitted by the mother and latent carriers were not found in
his series, Tilestone in reporting one case without a familial
history, reviews the Hterature and concludes that the condition

is ’crahsmitteli as a non sex-linked Mendelian dominante In no case
have both parents 'been proved to be bearers of}bhe trait.

The author has examined films from a heterozygous strain of
rabbits showing Pelger-Huét type of left shift; +the homozygous
strain is difficult to breed as the young ai‘e sickly and are quickly
eaten by theifelders.

An interesting study of the influence éf‘ reredity on the
Arneth formula was made by Turpin, Caratzali and Pifon (1940)S29)
They exemined the blood of 39 pairs of twins, 17 uniovular and
22 binovular, and found that the counts of.the uniovular pairs
bore a statistically significant similarity to one another; this
was not so with the members of the binovular pairs.

It might be noted here that the Polynuélear Count varies in
different animal species, and in the same species it varies from
' pkace to place, as in man. Kennedy and Climenko 0.951)(50) give
an average Weighted Mean of 2,35 for ratse The values for
cattle and sheep in Scotland, according to these authors are
234 and 2452 resvectively; the corresponding weighted means in

New York are 1l.28 and 1l.24 respectively, (Simpson, (1929)(51))
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Se Age.

According to Roberts (1927)(32) the value of the Polynuclear
Count is the same in children asviniadults. He used a simplified
form of Cooke and Ponder's Polynuclear Count, which is useful for
clinical purposess The cells are divided into the non-lobulated
( = Class I) and the lobulated ( = Classes IIto V)s The number
of counts done however was not large enough to be statistically

significa::te

B llenstruation,

Menstruation, according to Roberts (1927)(52) produces a
slight physiological left shift, but the non-lobulated cells do
‘not rise above 3% of the total neutrophil polymorphse No results
however are given to illustrate this point,
On three occasions in the course of the author's investigation
nens truation occurréd in two of the subjects (Subjects 34 and
36 in the Glasgow series); mno significant shift to the left was

observed.

7, X-Rayse

Exposure to X-rays produces a shift to théleft in the
Polynuclear Count in rabbits (Cooke and Ponder (1927)%5)
Kennedy and Grover (1927)(%®) and in mmans (Helde (1926) %%

Nordensen (1946),35) yarks (1949) (36)),

8¢ Chemical Factors
Injections of thyroid, colchicine, nucleic acid and trypsin

were shown by Cooke and Ponder (1927)(5) to produce a left shift



-17 =

in rabbits, After a single subcutaneous injection of thyroid
extract, the change was quite obvious oh the following day and on
the next day the maximum left shift was observed; this was
followed by a shif‘t to the right reaching a peak sbout 1C days
léter, af ter which the Polynuclear Count gradually .returned to
normal in the following 10 days.

Danzer (1950)(57) also working with rabbits founmd that
injections of extracts of various organs and tissues produced
a left shift i: the Polynuclear Count, e.g. muscle, liver, |
testis, brain, haemolysed red cells, leucocytes and serum.
Deproteinised extracts and his‘bamine did not have any effect,
sobthat he concluded that the prétein contained the active
orinciple of these extractse The destruction and absorption
of tissues in vivo was also found to produce a shift to the left.
It is suggested that the éontinual normal breakdown of tissue in
the body is sufficient to provide a stimulus for the steady normal
output of neutrophils from the boﬁe MATTOW,

Administration of various anaesthetics - ether (Ponder ad
Flint (192'7)(58)) and chloroform (Danzer (1950)(57)) - produces
2 shift to the left.

Reference has already been made to the effect of a rise
in serum Calcium in producing a left shift (Climenko (1930 a
and b)(%)). The same author noted that the intravenous injection
of sterile hypotonic solutions prod;ced a left shift, while
physiological saline had no such effects It thus appears that
a disturbance of the normal electrolyte balance, or possibly
of osmotic pressure relations may play an important part in

the mechanism of regulating the output of neutrophil polymorphs,



- 18 -

or their distribution in the body,

Reifenstein, Ferguson and Weiskotten (1942)(%%) ghowea
that.intravenous injections of supernatent fluid from a sterile
exudate from the peritoneal cévity of a rabbit, produced a left
shift’in that animels The left shift reached a peak 2-4 hours
after the injection, but repeated injections were followed by
considerably greater. and progressively more marked left shifts
in 9 of the 11 rabbits; in other words an apparent "summation"
effect was produceds Injections of sodium chloride (presumably
isotonic) faileé.to vproduce a left shift in controlse. They
suggested that some substance, (other than sodium chloride) in
the supernatent fluid, was responsible for the release of more

immature granulocytes from the bone marrow.

¢ Time of Day and of Years

The Polynucleér Count does not appear to vary much, if at
a1l in the course of one day. Roberts (1927)(32) found that the
"on-lobulated" cells (i;e. Class I of the Polynuclear Count)
did not vary with the time of day. He does not however give
any results to substantiate this statements Reifenstein and
Hilfinger (1942)(40) note that each rabbit seems to have a
characteristic degree of nuclear maturity on the day of counting
and hourly counts show little variation.

Cooke and Ponder (1927)(5) state that the Polynuclear
Count is very constant in man, but do not seem to have carried
out any prolonged investigation of this point. Danzer (1950)(57)
gives figures to show that under laboratory conditions the rabbit

has a constant counte.
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Turpin et al, (1940)(29) examined }4 subjects at intervals
of 4 days to 4 months, and found no significant difference in
counts over that period,

On the other hand, as already mentiored Pai (1955)(12)
found a relative shift to the right in the summer in Moukden,
although the difference was not statistically significants Harvey
and Tiomilton 1934) (1) followed two subjects' counts for four
months and found cornsiderable variations, though again there were
not enough results to reach a definite conclusion; furthermore

the differential leucocyte count of one of his subjects was abnormal.

10, Diet and Meals,

As Shaw (1936) (1) pointed out the British subjects in his
study in Egypt ate food similar to that which they v‘vould have
eaten in Britain, and he could not believe‘ that any dietary
difference would be sufficient to account for the left shift in
both British and Egyptians in Egypte Further in the case of the
British and Egyptians (Shaw), Iragis and R.A.F. (Kennedy and
Mackay, (9) and (10) Chinese and British (Pai(lz)) the indigenous
people ate different food from that of the British, and yet both
groups showed a similar deflection of the Polynuclear Count,

Cooke and Ponder (192'7)(?) state that in the "digestion
leucocytosis" which follows meals, there is no left shift, a
fact which they attribute to the redistribution mechanism

producing this increase in leucocytes.
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The Aim of the Preseht Investigation,

From the analysis of literature presented it is clear
that there are great variations in the normal value of the
Polynuclear Count; and further, these different values camot
be explained satisfactorily by the facts already known about the
physiology of the neutrophil polymorph. No compr ehensive study
of the changes in the Polynuclear Count during long term variations
of temperature and climate has so far been made; it was felt
that such an investigation might throw light on the causes and
mechanisms responsible for maintaining the "normal" blood picture
in different parts of the world, |

The aim of this investigation is therefore to study the
changes in the white blood cells, and in particular the qualitative
changes in the neutrophil polymorphonuclear leucocytes (as |
measured by the Polynuclear Count) in the blood of healthy young
persons subjected to prolonged variations in external temperature,
but otherwise living under standardised cﬁnditions as regards factors

known to affect these cells in the body.
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II PROCEDURE

A. On Ships
Age, health standard, diet, living conditions,
external temperature recordings, body temperature, solar
radiation, race, previous tropical experience, time of day,
the Polynuclear Count, method of taking off blood, total

white cell count, differential count, barometric pressure,
longitude and latitude, effect of the sea, humidity.

Voyages I to V,
B. Ashore

Part 1, Glasgow

Part 2. Cambridge
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v : PROCEDURE

A, On Ships

A total of 32 healthy young male subjects were studied
over a period ofken months, tfavelling between the United Kingdom
and variocus parts of éhe world.
Age, The subjects were between the ages of 18 and 34 years.
Healths All the subjects were Grade I in the Army or R.A.F.
Each give a history of no serious or important illness in the
preceding year and clinical examination at the onset of the
experiment revealed no significaﬁt abnormality. Three subjects
were rejected, not because of any physical abnormality, but because
their blood pictures did not conform with the accepted normal.
During the course of the‘experimentseveral of the subjects
contracted minor illnesses, such as coryza or diarrhoea (which
are noted in the results)s When these illnesses did not affect
their blood counts, the results were included; otherwise they
were excluded until the blood returned to what appeared to be
the subject's nomal.(f'l) It will be appreciated that perfect
health throughout is desirable, but when blood counts are followed
daily for months it is inevitable that such minor ailments occur.
It will be noted that contrary to Cooke and Ponder's (1927)(5)
results, these generally affected the count very little. Indeed

one subject (No., 24) whose count had previously been followed .

le The author was in some doubt as to whether to exclude some
of the rather low Polynuclear Counts at the beginning of Voyage I
as some of the subjects had colds; the improvement in their
colds may be related to the slight right shift on the first few
days, but as will be seen from the analysis no conclusions are
drawn from this part of the investigatione
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daily for over two months showed a shift to the left of

0.10 -~ from a Weighted Mean of 2,95 to 2.85, when he had an
attack of acute apvendicitis, with a tense purulent appendix
found at operations A few of the subjects were seasick, without
any effect on their blood counts.

Diete All the subjects had the same diet throughout each trip,
allowing of course for the usual day to day variations for
palatability. The Polynuclear Count did not differ in the case
of smokers and non-smokKers..

Living Conditionse The subjects worked from eight to ten hours

daily in the ship's hospitale Sleeping conditions varied from
ship to ship but were standard for each person from start to
finish on each voyage., Similarly different persons had different
standards of comfort on each ship but each was affected relatively
to the same degree by change of external temperature.
External Temperature Recordingse The temperature was recorded
on each voyage by the use of a wet and dry buldb thermometer on
the ship's bridge in a standard meteorological box; the readings
were teken four hourly or six hourly, Obviously this is not an
entirely satisfactory method of recording the changes of
temperature to which an individual is subject; it was chosen
" chiefly because it was a standard reading comparable on different
ships and partly because it waé the best approach to an absolute
record of environmentsl te;nperature. The%"oll‘owing drewbacks
will be noted:-

1. It is usually cooler on the bridge than elsewhere.

2¢ These readings did not reflect the effects of wind,

cege & following wind makes it much hotter below
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decks than a head wind, and similarly one side
of the ship may be hotter than another, depending
on the direction ofthe wind,

De The extremely cold and extremely hot readings do not
reflect th;.e conditions below where there were heating
and cooling systems to facilitate comfort. = Similarly
some cabins, or parts of the ship were less comfortable
than others, and more .affected by changes of outside
temp erature.

4, For these reasons the same bridge temperature on
different ships does not mean the same environmental
temperature for subjects living on these ships.
Nevertheless a rise of bridge temperature of, say,
10°F on one ship, is roughly comparsble to a similar
rise of bridge temperature on another ship, and persons
living on the two ships will be subjected}to the seme
relative change of temperéture.

5 Also as deck and below deck temperature readings
show, 2 ship werms up slowly below decks, (and vice versa)
thus temperature below decks tends to lag behind the
bridge temperature,

Icieally, of course the temperature of each subject's
environment throughqut the trip should be noted but this was not
possible, Readings in various parts of S.S. Asconius are shown
in the appended figure.,(Figure A) ('l‘_he readings in the dispensary
are more varisble than the others because they depended a lot

on how much the steam steriliser had been working.) It‘ w11 be
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seen that the bridge temperature readings do reflect fairly
well the changes of temperature in different parts of the ship.
It must also be noted that the wearing of suitable clothing
alters the actual temperature to which the body has to adjust
itself,
For the reasong stated above, it will be clear that small
changes of bridge teﬁperature must be ignored as they may not
affect the enviromment of an individual to any noticeable extent,

Body Temperature. These were taken with standardised cBnical

thermometers, the thermometers used being found to give identical
rezdings for the usual reanges of body temperature 97.0 to -

99,8° F. The temperatures were taken orally for five minutes
or until fwo successive readings with at least a minute interval
were identical; this occasionally took ten miﬁutes.

Solar Radiation, One factor which was not constant fhroughout

the experiment was the amount of sunlight. It might be useful
at this point to consider briefly the nature of actimic radiation.
Solar radiation consiéts essentially of infra-red, visible

light, and ultra-violet rayse ILight is visible radiant energy,
and infra-red and ultra-violet, the longest and the shortest
wave lengths respectively are invisible radiant energy. The
intensity of solar radiation reaching the earth's surface is
very variable, and depends upon atmospheric transparency, dust
and humidity, In this experiment the direct quantitative
"measurement of solar radiation was not possible, and as it has
been noted that infra-red and ultra-violet radiation affect the
Polynucle ar Count experimentally these factors will be considered

later in some details For the present, however, a few brief




- 28 - .
notes will suffice on the manner in which these two factors
vere tsken into consideration.

(2) Infra-red radiatione

Dewhurst (1949)(15) analyses the relative importance
of the various fractions of solar energy reaching the
earth's surface, and from his discussion it appears that
the amount of infra-red radiation is very wariable, The
. total daily amount 6f infra-red radisation is greater in the
tropics than in temperate zones; consequently the temperature
is higher. As it is not easy to measure directly the amount
of infra-red radiation reaching en individual the present
investigation will be confined to measuring its effects by
temperature recordings of the qnvironﬁent, and body
temperature readingse This is not entirely satisfactory
in that other factors besides infra-red fadiation affect the
envirormental temperature, sﬁkh as wind velocity and direction
~and the presence of large land masses. On the other hand ‘
exfernal temperature recordings constitute a more useful
single figure to embrace a number of envirommental factors
of which infra-red radiation is one..

(b) Ultra-violet radiations

Unlike long wave radiation, the effect of ultra-
violet radiation is virtually nil indoors; the subjects
were not exposed much to the sun, .2s they were working in
the ship's hospital during daylight hours and when in
the sun, were usually well covereds If they were exposed

to the sun for any length of time (an arbitrary period of

half an hour's sunbathing or its equivalent was tcken
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as the minhmxn} this was noted,
Races  All subjects were of British birth and nationality.

Previous Tropical Experiences Some subjects had not formerly

experienced tropical conditions, while others had some time previously
been in the tropics forfariable periodss It w 11 be noted that
there is no difference in the behaviour of the blood counts in
these two groupse The subjects were studied on board ships
throughoute The majority were the permanent staff of the ship
and were followed throughout the voyage. In one case (Voyage I
return trip) six sabjects who had been in the tropics for varying
periods (from four to twenty-two months) were,; studied, and, after
an initial difference which will be discussed, their Polynuclear
Counts behaved in a similar mmner to that of the four permanent
staff who were studied simultaneously. (See Appendix B, Fig. 3 )

One subject (R.L.) was studied throughout the whole period,
and, on each occasion his blood changes were similar to those of
the other subjects.

Thus, exposure to tropical (and sub-tropical) conditions
at some previous date does not seem to impair or alter the
response of the Polynuclear Count to subsequent envirommental

irmnediz'a’ce;y_ ' ] )

changess The subject of/previous tropical experience will be
dealt with more fully in the analysis of results.

Time of Day. Although previous literature suggests that the

Polynuclear Count does not vary at different times of the day,
it was considered alvisable to take off blood at the same time
each day, namely between the hours of four and five in the

afternoon. The blood was taken off daily, missing only those
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occasional days when the subjects were ashore.

The Polynuclear Counte The method used was that of Cooke

and Ponder (1927)55) In previous work Leishman's stain was
tried, ~s the observer was more familiar with its use; well~-
stained preparations gave almost identical results to those obtained
by Giemsa staining, but if the film was a little two heavily
stained, even in parts, there was a tendency to get a shift to

the left. (It may be noted that Cooke and Ponder found Leishman
unsuitable)e On the whole therefore Giemsa was found to be more
reliable, although considerable variations in staining time were
necessitated by the changing temperatures; when the temperature was
high the stdl ning time had to be reduceds It was fou:ndA that the
most satisfactory method was to use Giemsa stain diluted 1 in 10
with a buffer of pH = 6,4 (Haden (1925-24)(42)).

Because of Jc:.he considerable error and difficulty erising from
the use of thick films, care was taken to spread the films thinly
and evenly.

Cooke and Ponder's standards of nuclear subdivisen were
adopteds Thus, if there was any doubt between cells of Class I
and II, the cell was counted in Class I; sirnilarly if there was
doubt between Class IIT and I¥ it was counted as Class III, or
between IV and V, it was counted IV. If there was doubt between
Class TT and ITI, the cell was not counteds Cells distorted by
p:‘essuré were discardeds A total of at least 100 neutrophils
was counted in every case, and sometimes when 200 cells were counted
for a full differential count, 100-170 neutrophils were counted,

and the percentages in each class calculated from this number.
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Cooke and Pondezc found a Probable Error of = 0,05 - 0,06
on the Weighted lean of 100 cells, and concluded that this was
a sufficient number to wunt. This is equivalent to a Standard
Error of about +0,09 in théir first count of 10 films tsken
from one person. This error was considerably reduced for
comparative purposes by counfing 5 to 10 subjects daily in this
experiment, and therefore a total of 500-1000 cells. As all the
subjects show the same trends this amounts to sampling 500-1000
cells from the same universe; the average of these counts is_an
soproximation to the Weighted liean of the universe, which although
of little value as an absolute index of that universe, can
be used for camparative purposess

Several hundred counts had been done by the author 'before.
the present study began, and on several occasions counts were
confirmed by experiencelhaematologistse All counts throughout
- the experiment were done by the same observer. The Weighted Mean
was used as the best single figure for comparison, There was
found to be no significant difference in the results when the
total of Classes I and II was used as an indeXe |

The observer called out the numbers of the various cell
classes to an assistant and was thus more or less unaware of the
nmumbers of cells ih each class until the end of the count; a
few counts, however, had to be done without any’assistance. gare
was taken not to ascertain temperature readings until the end of
each vogage, to avoid the influence of preformed “theories on the

resul tse.

The importa:;ce of such precautions cmnot be over-emphasized;
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and yet the subject of unconscious bias does not seem to have
been mentioned in the literature on the Polynuclear Count.

Marks (1949)(45) found considerable divergence bétween two series
of differential counts on the same blood films, the first being
done ~ithout help, and the second taken down by an assistant.
Fu¥thermore, the author has personally noted a tendency to
achieve more "text-book" differential counts on bone marrow
smears when dqing these without assistance, Fortunately, as a
result of reading the literature the author expected a rise of
temperature to be accompanied by a shift to the_left in the
Polynuclear Count, and as will be seen this was not always the
cases Two further sources of error were diminished by the
employment of an assistant; firstly, the identity of the subject
was frequently unknown to ‘the author until the count was finished;
and secondly, the unconscious tendency to make the rest of the

counts follow the trend of the first few was minimised in this way.

Method of Taking off Bloods Blood was taken from the ear in
all cases (with the exception of R.L. where it was more convenient
to use the thumb). Only very gentle squeezing was occasionally

necessaryes

Total White Cell Counte On some trips the total white count

was also recorded, and in all a total of 589 counts were done.
The method used was the usual one of counting two square mm.
areass Time considerations and the shortage of white cell
pipettes unfortunately precluded the counting of larger areas

of the slide. As this was mrely a subsidiary part of the

investigation however, and large numbers of counts were done
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the use of\this quick method was considered justifiable,
Purthermore as the results were not used to establish absolute

values, but for comparative purposes only, the error thus produced

is roughly constant throughout,

Differential Count. This was not done in full, but on three

voyages, the cells were subdivided into neutrophils and "fhe

rest", in order to ascertain whether there was =ny important variation
in the neutrophil count, independently of the total counte

A Dattlement edge method of counting the films was used as

advocated by MacGregor et als (1946)(44) .

Barometric Pressure, Four,hourly barometric pressures were

recorded on one trip (Voysge I); as this was found to show
absolutely no correlation with blood changes, further investigation
along those lines did not seem profitables

Longitude and Latitudes It was not thought necessary to record

these; a brief examination of the course of the voyages will

show that neither bears any relation to the results.

Voyage I The "Bupress of Australia" 12,1,47 to 7e2.47

Diverpool to Singapore and back, via Port Sgid, Bombay and Colombo

Four members of the ships permanent staff were studied
throughout the round voyage. Six passengers were studied on
the outward voyage and a further six on the return trip.

'

Polynuclear Courits only were done. Ten counts were done daily,
making a total of 459 counts, The complete results of this and
subsequent work are shown in Appendix A.

Criticism may be levelled at some of the subjects chosen

because their initial Polynuclear Counts were low compared with
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Kemnedy's normal range for Great Britain, (It should be noted
that these persons were clincially healthy and conformed to the
health standard defined.) Nevertheless, reference to the
results, and Fig. 1, Appendix B, #Wll show that their Polynuclear
Counts behaved in a manner similar to those with initially higher
and more "normal" wvalues. Further, we are not interested here in
establishing absolute normal values, but in observing how the
blood of clincially healthy individuals changes under certain

conditions..

Voyazxe IT "Ascanius" 30,3447 to 18,6647

Liverpool, Port Said, Aden, Mombasa, Mauritius, Durban, Mauritius,
Mombasa, Berbera, Port Sudan, Suez.

Five members of the dip's pe rmanent staff were studied
throughout the whole trip; one further member of the permanent
staff was studied for the last nine days of the woyage..
Unfortunately it was not possible to follow these subjects'
blood changes back to the United Kingdom as the staff were
disembarked at Suez, and returned home separately.

Five passengers were studied from Liverpool to Mombasae

Polynuclear Counts and total white cell counts were done
daily on all subjects, as frequently as possible, making a total
of 454 Polynuclear Counts and 411 white cell counts.

Tt vi 11 be noted that No. 24 (N.H.W.) had an attack of
appendicitis, followed by an appendicectomy at sea on 14,6.47.,
and as his Polynuclear Count showed little change the results

are included in the series..
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Voyage ITI "Chediire" As  2¢8¢47. to  24,8,47
Liverpool, Malta, Port Said, Malta, Liverpool,

Five members of the ship's permanent staff were studied
throughout the whole trip. Noe 30 (L.W.) was retained because
although his count was rather low compared with Kenmedy's normal
values for this country, it showsl changes similar to the others
throughout; also it was possible to follow his counts throughout
subsequent trips..

Polynuclear Counts, total white cell counts anl differential
counts were done daily on each iﬁdividual, maeking -a total of
95 complete investigations..

Vovage IV _"Cheshire” Be 269447 to 2449447,
Liverpool, Malta, Port Said, Tobruk, Malta, ILiverpools

Five members of the ship's permanent staff were studied
throughout the entire voyage; four of these were studied in
the previous trip and the same four were again studied on the
next voyage (V).

Polynuclear Counts, totgl white cell counts and differential
counts were done as on the previous voyage; 92 such investigations
were carried oute

Voyagg \' "Cheshire" Ce le 10e47. to 226 10a4-7!;
Liverpool, Malta, Port Said, Tobruk, Malta, Liverpool,

Five members of the permanent staff were studied throughout,
including the four subjects already observed on Voyages III
and IV. |

Polynuclear Counts, total white cell counts etc. were done

as on the previous voyage, a total of 95 such investigations
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being carried out,

PROCEDURE (continued)
Be Ashoree

.Part 1. Glagsgow

Five healthy young subjects, two male, and three female,
were studied daily, excepting Sundays and University holidays
- from Jamuary 12th to March 11lth, 1848,
Ages The subjects' ages were between 22 and 26 years inclusive.
Healthe The health standard was similar to that of the subjects
on board shipse Noe 34 (E.%.) however suffered occasi onal
functional dyspepsia, but no evidence of organic disease could be
found even after repeated radiological examination, Time of
menstruation has been noted in the results, and is possibly
responsible for a very slight left shift, although this is
doubtful,.
Diets Subjects ate the usual diet of this countrye

Living Conditions, Pour of the subjects were medical students

attending classes at Glasgow Royal Infirmary. The fif'th was the
author (R.L.) who also worked at the Royal Infirmary.

External Temperature Readingse These were read on a screened
Wet and Dry Bulb thermometer in the open air in Glasgows The
previous remarks concerning the difficulty of finding a suitable
measure of external temperature likewise apply here, and it was
felt that such temperature readings were superior to any taken

indoorse Nevertheless the subjects spent the greater part of

their lives indoors under artificially warm conditions so that
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they were not directly subject to such wide ranges of temperature
as the readings might suggest,

Body Temperature, See previous remarks, under this heading,

Actinic Radiation, See previous remarks, In the smoky atmosphere

of Glasgow, ultra=-violet radiation was virtually nil at this time
of year.
Races  All subjects were of British birth and nationality,.

Time of dave For convenience the blood was taken off between

the hours of 9 and 10 a.,me daily.
The technique of counting was as before, except that only

Polynuclear Counts were done,

Part 2. Cambridge

Polynmuclear Counts were done daily on seven healthy young

male adults (excepting Sundays):

(a) during the period 3lst Jamary to 12th Pebruary, 1949,
when the weather was fairly cold, and

(b) during the period 17th May to lst June, 1049 wrhen the
temperature was considerably higher,

Unfortunately M.X.A. (Nos 38) had a marked left shift
in the second series, assoclated with signs and symptoms of a
Glandular Fever type of illness, so that his counts could not
be used for comparative purposes.
Ages The subjects' ages were between 23 and 33 yearse
Health,, The health standard was similar to that of the other
experiments, and although three of the subjects developed a

mild coryza during a part of the second series, this did not

seem to alter their countse.
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Diets, Subjects ate the ordinary diet of this country.

Living Conditionse ~All subjects worked in the Depariment of

Pathology of the University of Cambridge, and 211 lived in or

near Cambridge,

External Temperature Readingse These were read four hourly

excepting one reading during the nigh%, in the same manner as
before,

Actinic Radiatione See previous remarkse. As the subjects were

indoors during most of the daylight hours, ultra-violet radiation
must have been very small.

Time of Day, For convenience the blood was taken off between

the hours of 4 and6 pems, excepting Saturdays when it was taken

in the morning.
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IIT  AALYSIS OF RESUITS

A, The Polynucléar Count and Body Temperature.
B. The Polymiclear Count and Barometric Pressure.
C. The Polynuclear Count and Atmospheric Humidity,
D. The Poiynuclear Cou.nt énd the Effect of the Sea.
E. The Polynuclear Count and Solar Radiation.
(a) Infra-red Radiation.
(b) IMtra-violet Radiation.
F.  The Polynuclear Count and External Tenrpera;ture.
G. The Polynuclear Count and the Total and Differential

White Blood Cell Counte

The results of ’che present investigation (Appendix A and B)
show clearly that marked changes take place in the Polynuclear
Counts of subjects on board ships going to and fram hot climates.
These are much greater than the changes in the Polymuclear Count
over a three month period in Glasgow, using the same standards
of technique and selection. They camot therefore be attributed
to faults in such technique and sélection, as thesehre constant
in both groupse. - They must be due to same factor (or factors)
operating on ships, but wich does not operate in Glasgow.

In the introductory remarks a_.nd the notes on procedure a
number of factors have been observed to produce changes in the
Polynuclear Count; many of these have been found to do so only

under experimental conditions. Nevertheless all relevant factors

known to inic’luence the count, or thought likely to do so, will



now be considered in relation to the changes observed in this
investigations In particular attention will be paid to those
factors which tend to be variable during the voyages, or which

operate on ships but do not operate in Glasgow.

A, -The Polynuclear Count and Body Temperature.

No significant correlation or suggestion of correlation
was found between the Weighted Means of the Polynuclear Count
and body temperature.s Indeed the changes in the latter were so
small in comparison with the changes in the blood, that it was
not considered worth calculating correlation coefficients.

Bs. The Polynuclear Count snd Barometric Pressures

As already noted the recording of barometric pressures was
abancioned after the first voyage; there was no suggestion of any
relationsiip between the Polynuclear Count and Barometric pressure.

See Fige 12, Appendix Be

Ce The Polynuclear Count and Atmospheric Humiditye

From the o;bservations of Wet and Dry Bulb temperatures
the atmospheric humidity was calculated on the first two trips
and found to bear no consistent relationship to the Blood changes
observeds Inspection of Figure 13, Appendix B, gives a first
impression of ,possi‘t;le negative correlation; closer examination
shows however th#t the correlation is spurious, “Mereas in the
first half of the voyage a rough negative correlation predominates,
in the second half the opposite occurse Agasin in the first part of
Voyage iI (Figure 14, Appendix B) a rough negative correlation

occurs; but after that there is 15Ftt1e sugrestion of any
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consistent relationship between humidity and the changes in the
blood,

In any case the coexistence of persistently high humidities,
for example in Glasgow and in the Red Sea area, camnot be
correlated with the gross divergence in the observations offthe
Polynmuclear Count in these two places.

D. The Polynuclear Count and the Effect of the Sea.

It might be argued that going to, or being at sea, might
have some effect on the Rlynuclear Countse It is not possible
to correlate the varied responses on different voyages with the
single factor of going to, or being at sea, which was cc;mmon
to all tripse Nor does it seem likely that the initial shift to
the right could be explained by the effects of the se.ai; firstly
because subjects who had been at sea for several months had a
similar right shift when exposed to the same temperature variations
(Voyage II "Ascatﬁ.us); secondly it would be difficult to explain
the differing rates of right shift and the fact that they persist
for periods varying from a few days to a few weeks after sailing,

It may be noted here that as most of the subjects were
permanent staff of the shii)s, and had%theréfore been at sea for
some time previously, seasickness was rare; and further the
Polynuclear Counts of permanent staff and passengers were

identical in behaviour (with the one exception already noted

- Voyage I return trip).

E. The Polynuclear Count and Solar Radiation,

(a) Infra-red Radiation.

As already noted this was a very variable factor under the
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conditions of this investigation. In the notes on precedure,
reasons have been given for using external temperature recordings
as the best single index of the effects of infra-red radiation.
The Polynmuclear Count and infra-red radiation may thus be
conveniently studied as the relationship between the count and
external temperature, and will be considered under that heading.,

(b) Ultra-violet Radiations

Mention has been made of the small amount of ultra-violet
radistion likely to reach the subjects during these observations.
When subjects were exposed to the sun for any length of time
this has been noted in the results, No obvious effects on the
Polyﬁuclear Count were observed as a result of such exposure;
nor did thé coﬁnts of those who were subjected to direct solar
radiation on any day or over any period differ from those who
were not so exposed, |

The difficulties of arriving at anything more than a rough
approximation to the amount of effective ultra-violet radiation
reaching each individual are obvious. The only jusfifiable
conclusion at this stage is thersfore that, from the rough
measurements used in this investigation, ultra-violet radiation
did not appear tq[?g;eeffect on the Polynuclear Counte That
ultra-violet radiation under the conditions af this investigation
has no effect, is not a justifieble conclusion; the question
of the possiblé role of such radiation in accounting for’the

changes in %he Polynuclear Count noted here, and in the

literature, will be discussed laters
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Fo The Polynuclear Count and External Temperature,

Firstly Coefficients of Correlation were calculated between
the Weighted leans of the Polynuclear Count and Wet and Dry
Bulb temperatures respectively, These are shown in Table 2.

Table 2

Coefficients of Correlation between Weighted Means, and Wet
and Dry Bulb Temperatures. f.1)

I

Voyage Subjects W and Wet W.M. and Dry

: . Bulb Temperature | Bulh Temperature

i | . o+ +

Empress of |Nos.,2, 3, 4 and - =0,463 = 0,115 -0,402 = 0,122

. Australia 5 (fe2, } . .

Ascanius Nos. 5, 18, 23,  -0,324 T 0,113 -0, 301 = 0,115
24 and 25

Cheshire A |[Nos. 5, 27, 29 . 0,102 % 0,227 0,001 * 0,229
and 30 ; . .

Cheshire B |Noss 5, 27, 29 . 0,744 = 0,105 0.713 = 0,116
and 30 ’

Cheshire C |Nos, 5, 27, 29 0,809 0,079 0.829 £ 0,072
and 30

A1l Cheshire|Nos. 5, 27, 29 0,539 * 0,095 0,491 £ 0,101

Trips and 30 :

There ‘is therefore no straightforward and simple correlation
between either Wet or Dry Bulb temperature and the Polymuclear
Count, It may be noted that the temperature readings in the

calculation of the correlation coefficient were not normally

le See Notes on the Calculation of Coefficients of Correlation
(Appendix C)

2¢ These subjects were selected because they were present
throughout the whole of each voyage; inclusion of subjects who
only completed part of the trip would upset the validity of

the Correlation Coefficient..
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distributed, a factor which accounts for some of the discrepancies
in the above tables Thus some trips being hotter than others,
there is great variation in. the number of high temperatures after
the initial rise, and as we shall see, in the number of counts
showing a left shift. Where therefore the temperature is high
throughout most of a voyage, e.g. Bupress of Australia and Ascanius,
the large number of counts showing a left shift tends to obscure
the effects on the correlation coefficient of the smaller number
of right shifts; the result is a negative correlation suggesting
that rise of temperature is associated with a left shift,

It is clear then, that the Coefficient of Correlation is
only of limited value in this analysis. Neverthel‘ess a closer
consideration of these statistics, and of the similarity in the
changes in the subjects' Polynuclear Count‘s during compé.rable
changes of external temperature, justifies a more detailed
examination of the results, From this, the following conclusions
were reached..

(1) All subjects who had been living in a more or less

steady temperature of Wet Bul'b(f°l) range 51-6503‘ for at least
f.2
one week previously,and were subjected to a continuous( ) rise

of Wet Bulb temperature up to 16-18°F, had a shift to the right
in the Polynuclear Count.
(See Appendix B, Figse 1, 4, 6, 8 and 10, The continuous

rises referred to here are indicated by a blue line,)

1. The relationship between the Wet Bulb temperature and the
Polynuclear Count was more&onsistent than that between Dry Buldb
temperature and the count. See Table 2.

2 I.E., not falling more than 5°F at any point in its ascent.
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Thus, on 211 five trips, 25 different subjects each
had a shift to the right one one to six occasions, under these
conditionse No subject failed to respond in this way to such
a change of temperatures A total of 40 right shifts were recorded
in the 25 subj ;acts, and a total of 331 Folynuclear Counts were
done.

There ié a straight line relationship between this
rise of Wet Bulb tempera’;ure and the Weighted Means of the
Polynuclear Countss  The Coefficient of Correlation between
Wet Bulb temperature Rise up to 16°F and the Polynuclear Count
Veighted lean is 0,251, % 0,052, indicating a significa;nt
correlation, See Figure B.

(2a) If the continuous Wet Bulb tempe rature rise was less
than 16-18°F and the temperature then fell, the Polynuclear Count
showed a right shift as before and then a left shift beginning
Whén the temperature reversal occurred.

| (2v) similarly if the contimious temperature rise ceased
before a 16-18°F Wet Bulb rise, and then remained steady; the
right shift in the Polynuclear Counts términated and the count
tended to return to its original, or more likely to a differenf
level, probably more to the right than before. (See also
6) p. 50)

The above changes are illustrated in Pigs. 8 to 11
in Appendix B, showing Voyages B and C on the Cheshire, It
will be noted that in these examples there is a tendency for
the Polynuclear Count to return to its original or possibly to.

a different level, when the tempe rature rise ceasese-
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Also if the above hypothesis is true then under the

conditions stated there would be a fairly close correlétion

between Wet Bulb temperature and the Polynuclear Count. ‘This,
in fact, is so far in both these voyages (IV and V) there is a
high and significant correlation between Wet Bulb tempe rature
and the cdint, See Table 2 |

Such a correlation, however, between the Weighted Mean
and the Wet Bulb temperature only occurs with the relatively simplke
temperature changes which occur on these two voyages, i;e. a |
continuous rise of less than 16°F Wet Bulb, and then a fall, with
a steady veriod in between in Voyage IVe Such a correlation
would not be expected according to the theory stated above and in
the subsequent analysis, and indeed does not occur with the more
complicated temperature changes on the other voyages where
continuous rises and falls of this nature were not recorded, 1% is
suggested that in Voyages IV and V there is not the same super-
imposition of one stimulus upon another before the results of the
first can be followed through..

(3a) If the temperature went on rising after a continuous
rise of 16-18°F Wet Bulb, the subjects then had a left shift in
their Polynuclear Counts.

This occurred on every occasion that the Wet Bulb
temperature rose continuously for more than 16;18°F in the course
of the observations. Thus 23 different persons showed this
change (one, R.L. No, 5, showed it three times). Twenty-six
éuch chanées were observed and a total of 131 Polymuclear Counts

were dore during this part of the tempe rature rise.
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If then we correlate fise of Wet Bulb temperature

and the Weighted Mean of the Polynuclear Count, we find a straight
line relationship and a significant positive correlation up to
16°F, From 16°F to 28°F the relationship between the two is
described by a different straight line,and there is a statistically
significant negative correlation between the Polynuclear Coung
. and the Vet Bulb tempe rature rise. The Coefficient of Correlation
= -0,510 % 0,065, See Figure B.

(3b) If the maximum Wet Bulb temperature was maintained at
a steady level(f’l)after a continuous rise of 16-18°F or more,
the subjects' Polynuclear Counts then showed a left shifte

This occurs twice in the course of the dbservationg.

Examination of Figs, 4 and 5 in Appendix B showing the Ascanius
~ voyage will show that the Wet Bulb temperature remeins steady
(by the above standards) fréom the 18th April to the 2nd May..
During the preceding period of this voyage the subjects' Polynuclear
Counts had already undergone a right shift along with a Wet Bulb
temperature rise of 16-18°F. ((1) above) and a left shift along
with a further temperature rise. ((3a above) They now show
a continuation of the left shift, which however is not quite

g0 repid in its progress as before.(f‘z)

l. I.e. not falling more than 5°F without regaining the
previous level.

2 In this case however an alternative explanation is possible;
during this period the Wet Bult temperature is steady but the

-~ humidity shows a very close negative correlation with the
Polynuclear Count (See Figure 14, Appendix B).  As suggested
later (p. 65) under such conditions the rise of humidity increases
the heating effect of the atmosphere on the body, and may be the
cause of this left shift,
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Similarly in the second part oﬁthe Ascanius voyage,
the subjects' counts had undergone a righ£ shift along vith
rising temperature from Durbane This right shift reached a
peak on the 9th June corresponding with the summit of the Wet
Bulb temperature rise; after this the temperature remains fairly
steady for the next four days, during which all the subjects'
'counts undergo a marked shift to the lef't,

(4a) There was a tendency for the Polynuclear Count to have

a pendulum~like' action; after any marked shift to the left or
right the movement continued a little in the same direction after
the temperature change ceased, =nd then tended to swing back to
a neutral position,

In Figure_z (Appendix B) showing the Moving Averages of
Weighted Means on the first part of Voyage I we can see an
example of this where the left shift seems to swing too far, and
from the 2nd to the 5th Petruary, while the temperature remains
ste=dy, shows signis of returning to a new level.

Further examples bf this can be seen in Figure §
(Appendix B) at the end of Voyage II, in Figure 7 (Appendix B)
in the middle of Voyage III; and finally two very good exanples
of the 'pendulum-action' are seen in Voyages IV and V (Figs.
8-11, Appendix B) where after the initial right shift with rise
of tem?erature the'ngghted Means tend to swing back again
- during the following periods of steady temperature (See (2b) above).

(4b) The respénse of the blood at any given point

to further temperature change may be related to previous

" changes of'temperatureu

L4
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Thus the five persons on the Cheshire on the
8th August (Figure 6, Appendix B) show a great left shift when
subjected to a small rise of 4°F, The response of the seme five
persons was much different six days previously when a similar
rise of temperature accompanied a shift to the right,

A similar phenomeronhas already been mentioned ((3b)).
The ten ;ﬁbjects on the Ascdanius were living in a feirly stable
temperature between the 18th and 26th April (Fige 4, Aprendix B).
Yet during this period they 21l had a brogressive left shift,
vhich may be explained by the previous temperature changes to which
they had teen exposeds

Again the slight divergence for the first week or so,
between the counts of the 6 passengers and the 4 permanent staff
on the return trip from Singapore (Voyage I, Figure 3, Appendix B)
is probably the result of a difference in the temperature changes
to which each group had been subjected, before the return voyage
begans, The 6 passengers had come from different parts of lialaya,
where the temperature veried a good deal, while the others had
been on board fhe ship on the outward voyages

This difference in respame does not seem to.depend“
upon the absolute temperature level within the ranges observed
here, but rather upon the changes in temperature which precede
the change undér consideration, For the right shifts corresponding
to temperature rise begin at Wet Bulb temperatures wich vary
from 51565°F and continuelup to 81°F, ‘Also it will be noted
that the seme rise of Wet Bulb Temperature (from 70 to 80°F)

oocurred twice on the Ascqnius; in the first instance it was
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accompanied by a left shift and in the second by a right
shifte (Fige 4, Appendix-B)

" Similarly the left shifts which follow the: original
rizht shifts again do not appear to depend &n absolute temperature
.at their onset, as they begin at Wet Bulb temperatures ranging
from 62-81°F, It seems that they are more related to preceding
temperature change, and in each case the onset of the left shift
follows a Wet Bulb temperaturc rise of 16-18°F.

I+t is however possible that when the Polynuclear Count
is stsklised at higher ranges of temperature, sufficient to
maintain a persistent left shift, the blood may react differently
to temperature rise, but there was no opportunity of observing
this (See also (5) helow.)

Because of thdbiphasic response to temperature rise,
the 'pendulum-like' action, and the effect of previous temperature
change on the responsé at any given moment, it is not surprising
that there is no straightforward correlation between external
temperature and the Polynuclear Count.e Nevertheless, where these
factors do not operate, or do 50 only slighély we can Tind quite
a close correlation for considersble periods of timé, €aZe,y ON
the Ascanius - the second part from the 14th May to the 9th June;
Cheshire B, and Cheshire Q. (Figs. 4 and 5, and 8-11, Appendix B;
also Table 2.)

- (5) Unfortunately it was not possible to study continuaus

fall of temperature as fully as ris ( £.1) The available data,

1. The reasons for this were of a nractlcal nature, e.ge
dismantling ship's hospital, preparafion for dlsembaﬁkatloﬁ and

the impossibility of continuing the study after dlsembarxatlon.
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however, though not statistically significant suggest the
following,

Firstly, it has previously been shown (2a) that the
subjects who had merely responded by having a right shift in their
Polynuclear Counts had a left shift when the temperature fell
(Cheshire B and C, Figs. 8, 9, 10 and 11, Appendix B).

On the other hand all the subjects who had been in the
warner climate for some time, and had previously undergone right
and left shifts in their counts, reacted by having a right shift
when the temperature fell. (See Figs, 1, 4 and 6; the falls
of temperature are indicated by a brown line,) Thus 18
different subjects showed a right shift and a total of 20 such
changes were recorded; 275 Polynuclear Counts were done during
this phase.

It is tentatively suggested that all subjects who have
been living for some time in a stable temperature sufficiently
high to maintain a left shift (compared with U.K. standards)
respond to a fall of temperature by having a shift to the righte
It seems likely by analogy with the effects of temperature rise,
that this will be followed by a left shift, to reach a new level,
but it was not possible to follow the effects of temperature
fall long enough to be sure of this.

The probability is that those subjects whose count
remains deviated to the right by temperature (see (6) b.elow) may
react differently and return to their previous level directly

without changes in two directions, i.e. the converse of the way
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in which they reached their present levels This seems the
only reasonable hypothesis to fit all the facts.
(6) After these changes in the Polynuclear Count corresponding

to marked variations in temperature, a new level is reached,
for a fairly stable temperature.

(i) Consideration of the curves showing the changes
in the Polynuclear C§unt on the Empress of Australia (Figs. 1
and 2, Appendix B) the Ascanius (Figse 4 and 5, Appendix B)
and the Cheshire first voyage (Figse 6 and 7, Appendix B) sugg'est
that the curve of the Weighted Means is swirngng back to a new
level, more to the left than the orizinale The number of co@ts
done Aaily was too small to make any valid camparison with known
values for the normal Polynuclear Count of the population in the
regions visited.

(ii) If the above hypothesis is true we would expect
to find some seasonal variation in the value of the normal
Polynuclear Count in this country, provided that the temfpérature
changes met with are sufficiently great, and not too well
compensated by such artificial means as central and other heating,
clothing, venti_lation, etc. For this reason the investigations
in Glasgow aﬁd Cambridge were performed.

Firstly the 'POthuclear‘Counts of five persons were
followed daily for three months in Glasgowe There was foumd
to bé a statistically significant shift to the right in the
counts done when the Wet Bulb tempe rature was 38°F and over, as

compared with the other half of the coumts done when the Wet
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Bulb temperature readings were under 38°F (Table 3).

Table 3

T b
‘Wet Bulb TempefatureE Number of Polynuclear | Mean = Standard
. ‘ Counts . Deviation
| | ’t
37°F and under § 114 2.68 | 0,140
! :
B8OF and over ‘, 120 2.7 | 0,146
] |
i H

Standard Error of dif‘fefence between means = 0,019
Difference between means = 0,06, which being more than three
tines its standard error, is signifié:mt. |

Also the Coefficient of Correlation between Wet Bulb
temperature and the Veighted lieans of the Polynuclear Count was
fairly significant, al though this figure may be accepted with
some reserve in view of the many complicating factors already
mentioned in connection with the correlations on shipse

Coefficient of Correlation between Welghted Means
and Vet Bulb tempera‘ure in Glasgow = 0,525 - 0,107.

It is to be noted however that the conclusion from
this is identical with that already made, i.e. that hi:gher
temperatures (of the degree noted here) are associated with
higher Weighted Means (or a shift to the righ% )((f'l)

Secondly, in Cambridge a statistically significant

shift to the right was found in the Polynuclear Counts of seven

1, ‘It was not worth while calculating thg correlation between
the Polynuclear Count and Dry Bulb temperature separately as -
Wet and Dry Bulb temperatures at these levels were roughly the sames .
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subjects in the spring, as compared with their counts in the'
winters

The winter series consists of daily counts on
Subjects 5,37,38,39 and 40 for ten days, and three -daily counts
on Subject 42, making a total of 53 Polynuclear Countsg.

On account of the sbnormality in his count it was not
possible to include Nos 38 (MeX.As) in the spring series. It
will be noted that the average of his ten counts in the first
series is 2.758, and thet of Noe 41 (G.B.) is 2,640,  As
G.B. tends to be more to the left than M.K.A. it was considered
legitimate to substitute ten counts on him for camparative
purposes in the second series; any error arising therefrom
would tend to reduce, rather than exaggerate the right shift.

The spring series then consists of ten daily counts
on Subjects 5,37, 39, 40 and 41, and three counts on Subject 42,
again making a totel of 53 Polynuclear Counts. The results

are shown in Table 4.

Table 4
Average Temperature Series Noe of Polyne| Meean Standard
Dry Bulb Wet Bulb Counts Deviation
39 38 Winter | 53 20698 0. 150
59 55 Spring 53 2809 0,160

Standard Error of difference between means = 0,03
Difference between means = 0,111 which is more than three times

its standard error and is therefore significante
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SUMMARY OF PRECEDING ANALYSIS

(1) A1I subjects vho have been living in a more or less steady
temperature of We‘t ‘B_ul'b range 51-65°F for at least one week
previously, and are subjected to a continuous rise of Wet
Bulb temperature of 16-18°F have a shift to the right in the
Polynuclear Count. Diagram l.

2;2 If the continuous Wet Bulb temperature rise is less than
16-18°F, and the temperature then falls, the Polynuclear
Count shows a right shift as before and then a left shift
beginning when the temperature reversal occurs. Diagram 2s.

(2b) Similarly, if the continuous temperature rise ceases
before a 16-18°F Wet Bulb rise, and then femains steady,
the right shift in the Polynuclear Counts terminates and
the count tends to return to its original, or mére likely
to a different level more to the right than before,

(See also (8)) Diagram 2Zbe

(3a) If the temperature goes on rising after a continuous
rise of 16~18°F Wet Bulb, the subjects then have a left
shift in their Polynuclear Counts, Diagram 3a.

(3b) If the maximum Wet Bulb temperature is maintained at a
steady level after a continuous rise of 16~18°F or more,
the subjects' Polynuclear Counts then show a left shift.

Diagrams 3b and Sbl.

(4a) There is a tendency for the Polynuclear Count to have

a ‘'pendulum-like' action; after any marked shift to the

left or right the movement continues a little in the same

direction, and then tends to swing back to a neutral
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position, See Diagram 4, (For the sake of simplicity
the pendulum-like action has not been shown in Diagrams
1, 2 and 3.)

(4b) The response of the blood a£ any given point to further
temperature change may be related to previous changes of
tempersture. (cf. Diagrams 4a and 4b)

(5) It is tentatively suggested that fall of temperature:is
related to the Polynuclear Count in a similar mammer o
rise of temperature. Thus fall of temperature when the
count is deviated only to the right (Diagrem 4a) is
accompanied by a left shift; and fall of temperature, when
the count has undergone right and left shifts to reach
a new level more to the left, is'accompani;d by right
and lef"t shifts (Diagram 4b).

(8) After these changes in the Polynuclear Count corresponding
to marked variations in external temperature, a new
level is reached for a fairly stable femperature.

Diagrams 4a and 4b represent a synthesis of these

conclusions in graphical forme

G, The Polynuclear Count and the Total and Differential White

Blood Cell Count,.

The following statistical relationships were noted:-

The Cosfficient of Correlatiiilbetween Weighted Means of the

le See Notes on the Calculation of Coefficients of Correlation
(Appendix Cle
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Polynuclear Count and
le Absolute number of neutrophils = -0.597'§ 0,050

(Total of 280 counts)
2 Total white blood cells = =0,287 * 0,035

(Total of 689 counts)

Thus under the conditions of this experiment a shift to

the right is associated with a statistically significant reduction
in the number of white blood cells and in particular a reduction
in the number of neutrophils; and conversely a shift to the left
coincides with an increase in the total white cells, and especially

in the neutrophils,
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IV__DISCUSSION

The Polynuclear Count and Body Témperature, Barometric
Pressure, Atmospheric Humidity and the Effect of the Sea.

The Polynuclear Count and Solar Radiatione
The Polynuclear Count and External Temperaturee.

(a) Absolute External Temperature Levels,
(b) Change of External Temperature,

The Polynuclear Count and the Total and Differential White
Blood Cell Counte

The Mechanism of the Changes Observed in the White Bladod Cells,

le Redistribution of the White Blood Cells in the
vascular channelse

2¢ Changes in the blood as a result of haemoconcentration.

3e Changes dependent upon alteration in the rate of
production, maturation, destruction or elimination
of neutrophils,. .

The Polynuclear Count and Body Temperature, Barometric Pressure
Atmospheric Humidity and the Effect of the Sea.

Although same possible connection might have been expected
between the neutrophil polymorph populatior*and body temperature,
or the various elements of environment expressed by barometric
pressure and humidity, this was not bornme ouﬁ by the factss;
no consistent relationship was observed between the Polynuclear
Count and any of these factors.’ They may therefore play sofne
part in accounting for variations in the Polynuclear Count
under physiological conditions, but they camot have any major
causal significance, In particular, humidity at higher -
temperatures seems likely to play a subsidiary part; as suggested
later its importance under these circumstances probsbly depends

upon the additional strain on the body cooling mechanisms under
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conditions of high temperature and high humidity, However the
efficiency of body temperature regulating mechanisms appears to be
'very high under the conditions of this investigation because
the changes in body temperature were very small and largely
independent of the envirommental temperatures.

Similarly the mere process of going to sea, or the effects
of being at sea could not have been responsible for all the diverse
variations noted in the Polynuclear Count on ships; and of course
this alteration inan:’Lronment did not apply in Glasgow or

Cambridge.

The Polynuclear Count and Solar Radiation.

The effects of the long or infra-red, and the short or
ultra-violet ranges of solar radiation on the Polynuclear Count
have already been discusseds (p..15,14) Since these envirommental
factors must vary considerably under the conditions of this
investigtion, the importance of their effects on the blood will
now be assessed. |

§a2 Infra-red Radiation

This has been taken into consideration by measuring the
effects of infra-red radiation (mnong other things) by external
temperature recordings, end need not be dealt with separately.

(b). Ultra-violet Radiation

Ultra-violet radiation from the sun, especially under the
conditions of this experiment, was considered unlikely to have m ¥y
significant effect on the Polynuclear Count, for the following

reasoriSe
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Firstly, Dewhurst (1949)(15) points out that high humidity
and dust greatly decreases the amount of ultra—viélet radiation
resching the earth's surface, so that plaées like Ceylon, Bengal
end lelaya actually receive less ultra-violet radiation annually
than Great Britain. Sinmilarly, the ultra-violet content of solar
radiation is very low in Arabia and around the Red Sea, where the
dust content of the atmosphere is highes  The marked left shift
observed 3.11r_ing this investigation in some of these areas, cannot
therefore be correlated with an increase in ultra-violet radiationg
indeed the greatest degrees of left shift were observed when the
Wet and not the Dry Bulb temperature was 'high'est - in other words
wﬁen the climate was hot and humids And further the count was
frequently much deviated to the left in cloudy, sunless weather
(See Voyage I Pebruary 4-5th: Voyage II April 25-50th.)

Secondly, Deshurst working first in the Highlands of Kenyé and
later in Bengal, carried out Polynuclear Counts on 500 East African
nativess He noted the same degree of left shift in each country,
despite the fact that in Ken&a there is a high percentage of
ultra=-violet radiation' owing to the altitude and clear atmosphere,
whereas in Bengal the humidity considerably diminishes the amount
of ultra-violet radiation reaching the earth's surface.

foirdly, if ultra-violet radiation, as suggested by
Glimenko (1950, a and 'b)(24) acts on the leucocytes through
an intermediary calcium metabolism, and if it were effective in
maintaining a left shift in those countries in which it occurs,

then we might expect to find a higher serum calcium level in
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these countries, There seems to be no evidence for this,

The normal serum calcium level for this country is given
by Harrison (194’7)(45) as 9-11 mgms.%; in America the normal
is stated by Peters and Van Slyke (1951)(46) to be 9-11.5 mgms.%e
In the Chinese Journal of Physiology Report Series (1928)(47)
the normal value for Chinese in Peking is siven as 9-11 mgms.%,
the mean being 10 mgmse%ee (150 investigatioﬁs were done by

)(25)

Kremer and Tisdall's (1821 methods) Working independently
Myers (1924) ® noted the same range in Americans,=nd Updegaff
et al, (1926)(49) found a slightly lower range in California,
The left shift in the Polynuclear Count in Chire and America
canmot therefore be correlated with a raised serum calciume
Simikrly, it is fa2irly well esteblished that a left shift occurs
in tronical countries, but there seems to be no evidence that
serum calcium levels are high in such countries. In fact
Ashford and Hernandez (1926)'(50) investigating 96 healthy males
in Porto Rico, found the serum calcium levels slightly below
normal British and American standards.

Lastly, the evidence of this investigation suggests that
exposure to ultra-violet radiation could hardly be responsible
for the changes observeds Owing to long hours of work i)elcvv

decks direct -exposure to the sun was negligible; and when this

did take place no significant changes in the counts were noted.

The Polynuclear Count and External Temperaturee
A consistent relationship between external temperature and
the Polymuclear Count has been described. No comparable

relationship has been f&imd in this experiment or in the review

3
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of literature presented, between the Polynuclear Count and

other envirommentzl factors known, or thought likely to influence
the counts It is therefore suggested that there is a causal
relationship between external temper:ture and physiological
variations in the Polynuclear Count, although it is quite possible
that other factors may play some part in accounting ior the

changes observeds

(a) Absolute External Temperature Levels and the Polynuclear

Count,

At this juncture we may conveniently rec#ll a few points
noted earlier:-

(1) The biphasic response of the Polynuclear Count
to fairly rapid external temperature rise oﬁ the ships.

(2) The fact that in this country fairly stable
temperatures were accompanied by fairly stable values
for thé normal Polynuclear Count: and that for the range
of Wet Bulb tempér;ture from beloﬁ freezing point to
60°F, the higher the temperatures the more the count was
shifted to the righte

(3) The well substantiated reports in the literature
ofﬁeft shifts in hot climates.
Taking these facts into consideration it seems reasonable
to postulate that for each level of temperature there is a
corresponding level for the Polynuclgar Count, For the lower
ranges, the higher the level of temperature the more the count
remains shifted to the right; and after a certain critical

point the position is reversed, and the higher the level of



temperature, the greater the shift to ?he left. This would
explain some of the peculiar variations noted by different
observers throughout the world, Unfortunately very little
detailed information is available about climatic conditions in
the different countries while the observations of the Polynuclear
Count were being made, so that this theory can neither be proved
nor disproved by reference to the litersture.

It is to be noted that the changes observed in this country,
although statisticelly significent, were not sufficiently great
to be of =ny cliniéal ikportance when compared with the accepted

range of normality (Weighted Mean of 2.4 to 3.2).

Change of External Temperature and the Polynuelear Count,

The relationship between extermal temperature change and the
Polynuclear Count is complicated by a number of factors which
will be discussed, .

Firstly, & "sumation effect" similar to that noted by
Reifenstein et al, (1942)(40) was observeds The continually
repeated stimulus of rise of temperature was associated with a
progressive trend in the Polynuclear Count; with this difference
however, that there appears to be a critical point after which
the continuance of the same stimulus produces a reversal in the
trend of the count.

Secondly, the ‘'pendulum~like' action of the count which
has already been noted further complicates the relationship
with temperature changes An interesting e;ample of this can
be found in Cooke and Ponder's book ((5) pel9) where a normal

rabbit with a Polynuclear Count Weighted Mesn of 2,66 is given
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an injection of thyroid extract. The count changes as follows:-

Day 1 T, 2,09 :
2 2.14
3 2,38
5 2452 )
11 2490
16 2.82
o1 2067

And thirdly, - which is really a corollary of the other
two - previous changes of temperature influence the response of
the count at any given moment to further temperature change,
Or, since external temperature change and the Polynuclear Count
are related, we ma& state this differently. The response at any
given moment depends on the trend of the neutrophil population
(including probably the leucopoietic tissues) at the time of
stﬁmulation and immediately preceding it.

Previous changes of temperature and of neutrophil population
seem to be more important 5; influencing the further response
of the blood, than absolute values of these quantities - at least
within the ranges noted in this experiments It does seem
likely however that absolute values of the external temperature
(and of the Polynuclear Count) may be a factor in altering the
response, outside the ranges observed here; indeed there is
some evidence that the response to fall of'%emperature is not
the same at different temperatures (c.f. Diagrams 4a and 4b),.
If rises of temperature had begun at higher levels than those

noted here, the response ﬁay well have been different.
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Thus the reversal of the right shift always followed
a previous continuous rise of Wet Bulb temperature of 16-18°F,
and it was not possible to associate this critical point with any
definite level of external temper:sture, any constant time interval,
rate of rise, or value of the counts On the other hand it must
be remembered that absolute temperature recordings on different
ships, are not comparazble, and that the 'pendulum' action may
obscure the turning pointe Nevertheless, when the three Cheshire
trips are compared (Figures 6 to 11, Appendix B) it will be seen
that only in the first does a true left shift with temperature
rise follow a right shift; and it is on this trip only that
the Wet Bulb temperature rises above 75°F, suggesting that for
these subjects at least, under these conditions the critical
point in the biphasic response to temperature rise is around ‘
75°F Wet Bulbe | |

It is interesting to note that the changes in the Polynuclear
Count are more closely related to Wet than to Dry Bulb temperature.
This may be connected with the fact that, at the temperatures
recorded on ships the Wet Bulb temperature is the best index of
comfort: Thus at Berbera when the highest Dry Bulb temperatures
were recorded it was fairly comfortable, although very hot, whereas
on the previous day, when the Wet Bulb temperature was higher
the feeling of heat was almost unbearable, |

A high Wet Bulb temperature generally (although not always)
indicates a high teﬁperature together with high humidity and
little air movement; consequently there is some similarity

between Wet Bulb temperature and humidity readings at high
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temperaturess For this reason there is a suggestion of negative
correlation between humidity and the Polynuclear Count at high
temperatures, similar to that between Wet Bulb temperature and
the count, c.f. Figures 14 and 4 (Appendix B).

Under such conditions of ."wet heat" the normal cooling
mechanisms of the body - vaporisation from skin and lungs, radiatic
and convection - are at the greatest disadvantagee The actual
heating effect of the environment is therefore best measured by
the Wet Bulb temperature because it is a .convenient index
of heat and humidity com'bined. The absence of a consistent
correlation between the Polynuclear Count and humidity is
therefore not surprising since, per se, humidity does not seem
likely to affect body processes to any great extents When
however humidity becomes an adjuvant to high temperature,
increasing the efficiency of its heating effect on the body, it
probably plays some part in accounting for the accompanying
changes in the bloods In this connection it is noteworthy that
the greatest left shifts observed in this experiment are
associated with increases in the higher ranges of Wet Bulb
temperature and humidity, e.g., the steep left shift from
25¢1e47, to 30,1.47, in Voyage I accompanies a slight rise of
Wet Bulb temperature and a steady rise in humidity (See Appendix
A and Pigures 1 and 13, Appendix B); again the main left shift
on the Ascanius coincides with rise of Wet Bulb temperature
and lumidity. (See Figures 4 and 14, Appendix B, 10th-16th

March, )
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If these changes in external temperature are responsible
for changes in the blood, it is not surprisiﬁg that the Polynuclear
Count should be more closely related to Wet than to Dry Bulb
temperature, since the former gives a better indication of the
effect of temperature on the body.

The Polymuclear Count and the Total and Differential White
Blood Cell Count.

A statistically significant regative correlation has been
noted between the Polynuclear Count and firstly the total
leucocyte count, and se® ndly the absolute number of neutrophil
polymorphs, That is the higher the weighted mean the smaller th;
number of neutrophils in the peripheral blood; and conversely
the greater the shift to the left, the larger the number of
neutrophils,

The implications of this will be considered later in the
discussion, but it may be noted that Kennedy and Mackay (1956)(51)
observed a reduction in the number of neutrophils in the
subtropical climate of Iraq and this was associated with a left
shift, Russell and Russell (1928)(52) found a similar reduction
in neutrophils after scldiers were transferred from a temperate.
climate to the tropicse Also Devhurst (1949)(15) found a reduction
in the number of neutrophils 4l ong with a left shift after
short term exposure of guinea pigs to infra-red radiation.

It should however be remembered that the conditions of
the present experiment are not comparable to those umder which

these sauthors made their observstions. In this experiment
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the counts were done during long periods of great change of
terperatures Whereas Kemnedy's counts were done on subjects
living in a fairly static temperature, and in Dewhurst's experiment
the rise of temperature was much more rapid, and took place in

a few hours.

The Mechanism of the Changes Observed in the White Blood Cells.

Quantitative and qualitative variations in the white blood
cells may be due to several mechanisms each of which will now
‘be considereds

(1) Redistribution of the white blood cells in the vascular
channels.

Vejleng (1958)(55) in a comprehensive study stresses the
importance of this mechanism in producing changes in the total
and differential whitg cell count in health and disease, His
work suggests that under ordinary conditions the circulating
white corpuscles, being the largest particles in the blood, are
found in the centre of the flow, surrounded by the axial stream
of red cells.s If the suspension stability of the blood is
altered (e.ge by 'an increase of fibrinogen) aggregations of the
red cells form; these being larger.than the white cells cause
a revérsal of this processe In addition, alteration of the
suspension stability causes increase adhesiveness of the poly-
morphs, causing them to adhere to the vessel walle A similar
reversal of the normal intravascular distribution of red and
white cells occurs with a reduction in the velocity of flowe
To explain this he postulates a similar "intra-vital" rouleaux

formation, together with the relatively greater chance of the
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marginal polymorphs adhering to the vessel wall when the flow

is slower. These changes take place in the para-capillary blood
vessels, (i.es vessels of about 0,300 - 0,020 mm. in diameter)
and as they affect the polymorphs in particular, can produce
either a neutropenia or a neutrophil leucocytosis in an ordinary
sample of capillary blood,

Vejlens however does not state whether there is any Jdifference
in the type of polymorph which adheres to the vessel wall, and
consequently whether this‘mechanism could be responsible for
a variation in the Polynuclear Counte According to his hypothesis
the followiné conditions would have to be fulfilled if the
redistribution mechanism were responsible for the changes in the
Polynuclear Count noted in this experiment.

(2) A difference in size and, or, adhesiveness between

young and old forms of the neutrophil polymorphanuclear
would be essential.

(b) Change of external temperature would have to produce

either a change in fhe suspension stability of the
blood, =nd, or an alteration in the velocity of blood
flow in the para-capillary vessels,

In connection with the second, it may be noted that
Grayson-(1949)(54) observing the effect of short term rise of
temperature on the skin circulation noted,l. an increase in the
blood flow up to 36% = 2. a decrease from 36°F to 40°F, and
3. an increasevabove 40°C when perspiration begins. Stages 2
and 3 might conceivably be correlated with the right and left

shifts observed in this experiment during temperature rise.
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Various lines of inveétigation therefore suggest themselves.
The first point ((a) above) could be elucidated by measuring large
numbers of neutrophils and by observing their adhesiveness to
glass and other surfaces as Vejlens dids  Secondly the effects
. of vasoconstrictor and vasodilator drugs could be noteda In this
comnection it may be recalled that while Armeth (1920)(20)
found no left shift after a hot bath, Kennedy and Mackay

(10) state that a Turkish bath is followed by a shift

(1935-36)
to the left, Perhaps a hot bath of brief duration is only
sufficient to produce a vasodilator redistribution leucocytosis;
‘on the other hand the greater heating effect of a Turkish bati

is more comparable to the conditiong of heat and humidity in

‘the present investigation, Vejlens makes no mention of a change
in She Polynuclear Count in the leucocytosis following the
administration of adrenaliﬁe.

It is not within the scope of this work however to carry
such investigation further and indeed it does not‘seem very
likely that such a mechanism would account for the blood changes
noted here, for the following reasonse

(1) The mechanism would have to be highly selectives

During the biphasic response to temperature rise it would

have to be assumed that first of all the young cells

adhere to the periphefy of the vessels, while the older

cells are relatively and progressively increasetin the

samples of blood taken; during this period the total

cells and especislly the neutrophils would diminish

presumably because of the disappearance of the younger
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forms from the.circulation, Then at the point where
the left shift begins the young cells would be progressiyely
returned into the circulation giving rise to a left shift
and an increase in the total neutrophils.
(ii) It would be difficult to explain on this hypothesis
the differing response of the blood to the same rise'of
temperature, the changes which take place when the
temperature is constant, and the 'pendulum effect'.
For it seems unlikely that a redistribution mechanism, if
dependent.on changes in the peripheral blood flow, would
continue to alter the blood picture for several days;
more probably, as Vejlehs implies, its action would;be
almost simultaneous with the zlteration in blood flow.
(1ii) Lastly, it may be recalled that Coocke and Ponder
(1927) (5) claim that a redistribution leucocytosis is
not associated with a change in the Polynuclear Count,
and the concensus of modern opinion seems to favour this
views (Sturgis and Bethel 0.945)&55) Whitby and Britton
(1946)(56))

(2) Changes in the blood as a result of haemoconcentratioﬁa
This would not explain the qualitative variations in the

neutrophils except by some secondary redistribution, as already

-

mentioneds

(3) Chenges dependent upon alterations in the rate of production,
maturation, destruction or elimination of neutrophils,

From the observations of the total and differential leucocyte.

counts and the Polynuclear Counts in this experiment we have
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noted two phases during marked temperature rise.. Phase (1)

a shift to the right and a neutropenia, and Phase (2) a shift
to the left and a neutrophil leucocytosise One additional
fact which has been fairly well established by previous
investigators (Kemedy and Mackay (1956)251) Russell and Russell
(1928)(52)) must be added ~ Phase (3) a shift to the left and
a neutropenia at permanently high temperature levels,

The various ways in which external temperature may affect
the blood will now be considered to see whether they can explain
these phenomena.

A. Action primarily on the peripheral blood alones

Phase (1), a shift to the righf means an increase in the
average number of lobes in the cells,s It may result in two weyse
Firstly, if the older (or multilobed) cells were allowed to
live longer; in this case however, the total population would
be increased: and this would still be the case if the rate of
prpduction and destruction kept pace.

Secondly a speeding up of the rate of maturation would
give rise to a right shift and a temporary leucopenia, but
in the long run this would mean that the c‘ells would live for
a shorter time, and provided that the rate of production and
destruction remained i‘elatively equal, (as seems likely if the
population is to remain steady) would result only in a
neutropenia, with no change in the aversgg e number of lobes in
the populations As the average life of the neutrophil is

probsbly sbout 3 to 5 days (Whitby and Britton (1946)(56)) and
[ ]
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the shift to the right and neutropenia lasts for periods up
to three weeks, this theory cannot explain the facts. .

An effect on the peripheral blood therefore camot explain
the initial right shift and neutropenia, nor Phase (2) the left
shift and neutrophil leucocytosis, which is the converée. It may
be coneluded that temperature does not act primarily on the
peripherzl blood alone.

Be Primary action on the marrow alone,

Phase (1) may be explained by an inhibition of marrow
leucopoiesis or an interference with maturation leading to a
right shift and neutropenia in the peripheral bloods

Phase (2), the OPQOSite, could be produced by a stimulation
of leucopoiesis resulting in a left shift and a neutrophil
leucocytosis.

But this would not explain.Phase (3) - the coexistence of
a neutropenia and a left shift at stable high temperature;
for once the transitioﬁal period was over a change in the rate
of production of cells could only result in an alteration in the
total population, if the cells matured and were destroyed in the
usual waye
Ce Action on the Bone Marrow and the Periphers1l Bloods

Phase (1) Marrow inhibition with or without a decreased
destruction in the peripheral blood would account for the initial
right shift with rise of temperature; the former Qould have
to predominate to account for the neutropenia,

Phase (2) A reversal of this phenomenon would explain

the left shift and neutrophil leucocytosis.
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Phase (3) Lastly, the disappearance of the marrow effect
and the persistence of the increased destruction of older.forﬁm,
would explain the leucopenia and the left shift noted in the
tropics.

In this connection the work of Danzer (1950)(57) may be
recalled, ﬁe suggested that the products of tissue breakdown,
end degenerate leucocytes acted as the stimulus to further
leucocyte productions Now if increased tissue breakdovn occurs
without loss of weight, we must assume increased repair. It might
be expected that this would be reflected in the basal
metabolic rate.

It is interesting to nofe that there is a relationship
between basal metabolic rate and temperature which is similar,
although not identical, to that noted here between the Polynuclear
Count and temperature. McConnell, Yagloglom and Fulton 61924)(57)
compared the metzbolism of a number of men exposed for one or
two hours to differenﬁ "effective temperatures" (actual Dry Bulb
temperatures corrected for the effects of humidity and air
movement)s The basal metabolic rate fell slowly with rise of
temperature up to "effective temperatures" of 75-83°F, when it
was lowest; above this temperature metabolism rose sharply.

On the other hand many observers have noted a decrease in the
basal metabolic rate in tropical countries (de Almeida (1920 a
and b)(58) Brazil: Mukerjee, (1926)(59) Bengal: Fleming
(1925)(59);  Knipping, (1925)(61)),

There would thus seem to be a difference between the effects
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of short term change of temperature and more prolonged exposure
to different levels of temperature,

We may now attempt to incorporate this knowledge into
a theory which would explain the relationship between the
Polynuclear Count and external temperature, bearing in mind
of course that many other factors besides tissue breakdown and
repair, and external temperature will influence the basal
metabolic rate.'
Phase Sl} During the first stage of rise of temperature and
right shift with neutropenia, it is suggested thét tissue breakdown
and destruction of neutrophils is decreased, with a resultant
predominance of marrow inhibition.‘ This may coincide with the
first phase of diminution of metabolic rate noted by McConnell
et alia,
~ Phase Qéz During the second stage of rise of temperature and
left shift with neutrophil léucocytosis, a reversal of this
process occurs, which may coincide with the rise of metabolic
rate noted at higher temperatures by McConnell et alia,
Phase (3) And lastly the third stage of permanently high
temperature, left shift and neutropenia may be related to the
low basal metabolic rate in the tropicss In this case it must
be assumed that the stimulus to the marrow of increased tissue
breakdown has disappeared, Eut the neutrophils continue to
have a shorter life, with resultant neutropenia and left shifte

It may be said therefore that th#evidence favours a primary
effect of temperature on the body as a whole, including the

neutrophil population with a resultant secondary effect on the
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bone marrow, Such a mechanism would also be more reconcilable
with the peculiar features of the neutrophil response to external
te:perature variation, e.ge the 'pendulum' effect, the 'summation'

effect, and the way in which previous temperature changes (and

trends in the Polynuclear Count) affect the response to further

alteration of temperature.
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V__ SUMMARY
(1) A relationship is described between changes of external
temperature and changes in the neutrophil polymorphonuclear
leucocytes in the blood..
(a) A biphasic relationship during continuous rise of
external temperature is noteds During a continuous rise
of temperature a primary phase of.neutropenia with an
increased proportion of older cells is followed by a
secondary converse phase of neutrophil leucocytosis with
an increage in younger forms.
() A similar relationship is suggested between continuous
fall »f temperature and the neutrophil polymorphonuclear
leucocytes. |
(¢) The manner is described in which more complicated
changes of external temperature are related to variations
in the neutrophil population of the blood.
(2) A relationship between external temperature and the "normal®
value of the Polynuclear Count is noteds
(3) In thebabsence of any correlation between the Polynuclear
Count and other factors known, or thought likely to influence
the count, it is suggested that temperature may be the main
factor governing the physiological wvariations ir the count found
in this investigation and, by numerous observers in different
parts of the worlde The subsidiary role of humidity at high
temperatures is discusseds
(4) From the results, and the survey of literature presented,

the mode of action of envirommental temperature appears to be
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primarily on the body tissues as a whole, including the
neutrophil population of the blood, and secondarily, as a result

of' this, on the bone marrow.



VI __APPENDIX

A, _THE RESULTS

Voyage I  “EPRESS OF AUSTRALIA"

Liverpool, Port Said, Bombay, Colombo, Singapore, and backe

SUBJECTS

Name Age . Smoking Previous History Present Voyageﬁi
1. V.P.B. 19 S Pirst trip* Liverpool to Colombo
2 E.T. 33 s leny previous trips Round trip
3o R.ll 22 N.s.* do. do,
470 J.Ro 50 S a.O. dO.
5¢ ReLe 25 S do. do.
S5+ K.B, 19 S First trip Liverpool to Singa-
' pore
7¢ FoCea 18 S do. do.
8. ROLO G’o 21 ° S do. do.
9. K.F. 18 S dos doe
100 D.JQW. 18 S do. B 'dO.
11l. R.A.L. 20 S 17/12 in Malaya Singapore to Liver-
and India pool
12, C.J.C. 33 S 18/12 in Malaya do,
and India
134 KeC.E. 23 S 22/12  do. dos
14, WM, 32 N.S. 4/12 in Malaya ~ do.
15, W.S.V. 34 S 16/12 in Malaya doe
: and India C
16, W.T.K. 22 N.S. 16/12 in Malaya do.

and Indisa

* Except where otherwise stated, "first trip" means that the
subject has not previously been exposed to tropical or semi-
tropical conditionse )

Non-smoker = N,S. Smoker = S,
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SUBJECT MISCELL. I II I1I Iv v w.M.* BODY
TRMP
1 Seasick 12 36 42 9 1 2.51 96,3}
2 23 36 32 6 3 2:30 97,3
3 17 34 35 13 1 2,47 96,2
4 12 34 38 15 1 2,59 97,1
5 Mild Coryza 12 25 42 20 1 2,73 98,0
6 15 34 45 6 0 2,42 98,3
7 Mild Coryza 28 38 31 3 0 2,09 98,1
8 Seasick 13 25 53 8 1 2,59 97,7
9 Seasick 20 31 35 13 1 2.44 97,1
Mild Coryza
10 Seasick 8 45 34 13 0 2,52 97,6
W.M,
Average of 10 subjects 2,47 External Tempe, on
Bridge
Average of 7 subjects with 4 Hourly
highest W.M.'s at start, 2455 D+ W+
i.,e. excluding Subjects 4 9,Me 44 41
2, 6 and 7
‘ 8 a.me 48 42
Moving Averages of W.M.'s
of 10 subjects in groups - Noon 48 42
of & days
8 peme 52 47
Average Barometric Pressure 29,52 mm., Hge
Range 20,09 - 29,84 mm, Hg. (Average Mid, 54 52
of 4 hourly readings)
Average 49 45 g
Average Humidity 73% (Calculated from the :
average of Wet and Dry Bulb temps, ) M. A ** - - !
* WM., = Weighted Mean
+ D = Dry Bulb Temperature, W = Wet Bulb Temperature. Degrees

Fahrenheit., The same order of readings will be kept throughout.

** M.A. = Moving Average (3 day grouwpd
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Date: 14.-. 10 4:7.

SUBJECT MISCELL, I II I1I Iv v Welle BODY
TEMP,
1. 17 30 45 8 0 2¢44 o9, 8
2e 22 40 30 8 0 2. 24 98,0
3e Coryza 7 17 60 14 2 287 98,3
4, 18 31 38 12 1 20 47 98,0
Se Slight coryza 17 33 40 10 0 2043 98,0
Be 16 43 35 6 0 2,31 97.8
e Slight coryza 25 37 38 2 0] 2619 98,3
improving
Be ' 7 29 50 12 2 2 73 98, 6
Oe Slight coryza 24 38 29 8 1l 2024 97,0
10, 15 31 46 8 0 26 47 9846
WM.
Average of 10 2044 External Temp. on
Bridge
Average of 7 highest 2652 4 Hourly
means (initially)
D ki
Moving averaze of 10 -
55 52
Average Barometric Pressure 30,00 mm, Hge
Range 29,91 - 30,05 55 52
Average Humidity 80% 55 52
55 51
. 54 49
53 51
Average 54 ’ 51

M.A.
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Dates 15. lo 4‘7.
SUBJECT IMISCELL, I IT TIIT Iv v Welle BODY
TRP,
1 7 35 48 8 2463 9845
2 Slight coryza 22 28 28 19 24 53 97.8
3 Coryza 12 22 49 15 20 73 98,1
4 ’ 10 34 45 10 24 58 98,4
5 Coryza worse 20 36 35 5 2633 98,6
6 21 18 41 18 20 62 97. 2
7 Slight coryza 32 42 24 2 1,96 98,0
improving ]
8 - 14 32 44 10 2450 98,5
9 Slight coryza 17 29 40 14 2.51 98.4
10 29 38 27 5 2,11 97,6
Average of 10 2045 External Temp, on
Bridge
Average of 7 highest 4 Hour
means (initially) 2048
D X
foving Average of 10 245
56 52
57 55
Average Barometric Pressure 29,95 mm,.Hge
Range 29,89 -~ 30,03 61 57
Average Humidity 82% 60 57
58 56
57 54
Ave 58 55
Mo A; - 50
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Date: 16ele4d7s

SUBJECT IMISCELL., I IT III v v W1, BODY
TEYT.
1 18 30 40 12 0 2.46 98,1
2 Slight Coryza 17 22 47 12 20 60 98, 6
o) Coryza 12 31 43 13 2. 60 98,8
4 18 29 36 17 2452 98, 6
5 Coryza worse 17 352 35 14 2 2652 98,1
6 14 34 45 7 0 2045 98¢5
7 Slight coryza 17 38 35 9 2439 98.8
improving
8 12 26 50 12 2,62 98, 5
9 Slicht coryza 17 31 38 14 0 2049 97.9
10 20 29 39 12 2643 98,8
Tolle External Temp. on
Sridge
Average of 10 251 4 Hourly
Average of 7 highest D w
means (initially) 2452
58 54
Moving Average of 10 2647
58 54
59 57
Average Barometric Pressure 30,07 mmeHg,.
Range 30,00 = 30,16 60 58
Average Humidity 83% 59 57
57 55
Ave 59 56
¢ M.A. - 54
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Date: 17,147 |
SUBJECT MISCELL. I IT IIT Iv v Welie BODY i
TEP,
1 15 37 40 9 2448 97.8
2 Slight coryza 9 18 47 19 7 20 27 98, 6
3 Coryza. 10 33 42 15 0 2462 98, 2
4 14 28 38 1° 24 65 98.4
5 Coryza worse 17 40 33 8 24 38 97,9
6 Coryza 23 31 35 11 0 24 34 08,7
7 Slight coryza 20 37 35 8 0 2,51 98,3
improving
8 9 33 46 12 24.61 98.9
% Slight coryza 3 33 42 10 24955 98,0
10 22 16 37 20 2470 98, 7
Wolle External Temp. on
Bridge
Average of 10 2456 4 Hourly
Average of 7 highest 24 57 D ¥
Moving Average of 10 2451 57 54
56 52
Average Barometric Pressure 30,12 mmeHge 56 53
Range 29,99 - 30,22
. 56 52
Average Mumidity 81%
56 53
56 52
Av, 56 53
M.A. 55
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Datest 18e1e47,

SUBJECT LI SCELL. I 1T 11T IV V  W.i, BODY
1l 14 27 48 %) 2 258 96, 4
2 Slight coryza 26 27 31 14 2 2¢ 39 98,4
3 Coryza 8 28 52 o 3 2. 71 99,1
4 16 25 43 9 2 256 98.5
5 Coryza I.S.Q. 14 28 43" 13 2 2.6l 98,0
6 Coryza 20 28 35 6 2 2.24 98,7
7 Slight cory:za 26 40 29 4 1 2,14 98,4
improving
8 12 26 46 13 3 20 69 98, 2
9 Slight 15 36 42 6 1 2442 98,1
- coryza
10 13 23 38 19 7 2.84 98,1
Welle External Temp, on’
Bridge
Average of 10 252 4 Hour
Average of 7 highest 2663 . D )i
Moving Average of 10 2453 56 52
56 52
Average Barometric Pressure 29,89 mm, Hge 58 53
R‘c‘d’ige 29.86 - 29.95
57 51
Average Humidity 70%
56 51
55 48

Av, 56 51

L’Io A-. - 55
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SUBJECT 1ISCELL. I II III Iv v Wolla BODY
TP,
1 12 37 39 9 3 2054 98, 4%
2 Slight coryza 15 26 43 15 1 2061 983
k) Coryza 11 23 43 23 0 26 58 9844
4 13 32 45 10 0 2452 08,4
5 Coryza I.S5.Q. 12 23 42 21 2 2¢ 78 08, 4
6 Coryza 26 19 37 17 1 2.48 98, 6
7 Slight coryza 23 44 28 5] 0 2415 98,7
improving
8 11 24 52 12 1 2, 68 97,7
9 Slight coryza 18 33 41 8 0 2639 98, 4
10 9 22 47 18 4 2086 98,1
Wolle External Temp, on
Bridge
Average of 10 24 56 4 Hour
Average of 7 highest 24 62 D ik
Moving Average of 10 24 55 56 49
57 50
Average Barometric Pressure 29,80 mm. Hg. 58 52
Range 29,74 - 29,86
59 53
Average Humidity 66%
. 59 54
58 53
Av, 58 52
Me - 52
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Date: 200 1. 47-

SUBJECT 1ISCELL, I II IIT v v Volie BODY
TELP»
1 Headache 31 29 33 7 0 2.16 98,4
2 Slight coryza 10 26 41 22 1 26 78 98,1
3 Coryza 20 15 43 22 0 2067 97.3
4 12 15 37 32 4 3601 97.8
5 Coryza I.8.Q. 10 34 37 16 3 2 64 98,1
6 Coryza 18 25 40 17 1 2058 S7¢7
7 Slight coryza 20 33 42 4 1 233 97,7
improving ’
8 6 34 39 20 1 2 76 98.1
5 Slight coryza 18 37 56 9 0 20 56 082
10 12 15 37 31 5 3002 88,8
Vello External Temp, on
. Bridge
Average of 10 2 63 4 Hourly
Average of 7 highest — 2,66 D i
Moving Average cf 10 2457 60 55
60 54
Average Berometric Pressure 29,74 mme Hge 59 53
Rarlge 29.71 - 29. 77
80 53
Average Humidity 66% )
58 52
55 -50
Ave 59 53
- M'A. - 52
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Dates 210 lo 4‘7.

SUBJECT MISCELL. I II IIT Iv Wells BODY
1 11 32 45 12 24 58, 7.7
2 - Slight coryza 13 41 40 6 2459 98,2
3 Coryza 6 20 47 26 2.96 98, 2
4 10 23 39 24 2489 98,0
5 Coryza I.S.Q. 14 56 38 11 2448 08,7
6 Coryza 17 25 47 11 2452 98,3
7 Slight corysza 18 40 33 9 2633 99,0
improving .
8 11 27 49 12 24 65 97.8
9 Slight coryza 15 34 44 7 2439 98,8
10 7 25 39 27 20 92 98,0
WMo External Temp,on
Bridge
Average of 10 2 61 4 Hourly
Average of 7 highest 26 70 D W
Moving Average of 10 2, 60 53 50
55 50
Average Barometric Pressure 29,74 mme Hge 63 54
Range 29,67 = 29,77
64 52
Average Humidity 6%%
60 50
51 48
Ave, 58 51
Isio Ao - 5 2
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SUBJECT NMISCELL. I IT III Iv v “Well. BODY
TEVP.
1 10 47 33 10 0 2443 96,9
2 Slight coryza 8 23 49 19 1 282 398.4
3 Coryzag 5 29 43 19 4 2. 88 98,6
4 | 13 43 33 11 0 2.,42%  98.6
5 Coryza 13 37 41 9 0 20 46 97,8
fmproving
6 Coryza 11 44 34 10 1 2456 07.8
7 Slight corysza 17 48 31 4 0 24 22 98,7
improving
8 7 34 48 12 1 2466 98,7
9 Slight coryza 20 50 25 5 0 2415 08,7
10 4 31 45 20 0 2,81 97,8
WM. ternal Tempe On
. Bridge
Average of 10 2454 4 Hourly
Average of 7 highest 2494 D v
. e
lloving Aversge of 10 2. 59 54 46
59 48
Average Barometric Pressure 29,60 mm, Hge 66 53
Range 29,53 = 29,65
: 67 57
Average Humidity 47%
67 52
62 50
Av, 62 51

¥ Clinical examination revealed no cause for the left shift.
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SUBJECT 1ISCELL. I IT III v v Wolle BODY -
1 11 26 42 19 2 2,75 97,3
2 Slight coryza 16 20 40 23 1 2673 98,0
S 7 27 ' 40 23 3 2088 08, 2
4 18 25 35 18 3 24 64 9843
5 Coryza 18 ‘15 33 28 6 289 98, 2
improving
6 26 29 27 15 3 2040 98,0
7 10 36 44 8 2 24 56 98, 7
8 14 17 41 26 2 2685 89, 2
9 Slight corysza 21 26 35 17 1 2651 98, 2
10 13 11 38 29 9 3410 98,0
Welle External Temp, on
Bridge
Average of 10 273 4 Hourly
Average of 7 highest 2080 D ik
Hoving Average of 10 2663 59 53
57 51
Average Barometric Pressure 29,81 rm, Hg. 62 51
63 51
Average Humidity 54%
65 56
66 55
Av, 62 53

:M.o Ao - 52
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Dates 24e)e47e

*

SUBJECT IISCELL. I IT III Iv v Tolle BODY
TEP,
1 S* 9 30 49 10 2 2, 66 97.8
2 Slight coryza 21 30 36 12 1 242 9848
3 12 14 53 20 1 20 84 98,6
4 17 31 39 12 1 2649 98,8
5 Coryza 15 23 52 o 1 24 58 97,9
improving .
6 14 26 43 16 1 264 98,5
7 22 21 39 8 0 2033 98,6
8 6 25 52 16 1 281 084 7
9 Slight coryza 17 35 35 14 1 2.49 98,0
10 12 19 53 14 2 2475 98.1
Welle External Temp, on
Bridge
Average of 10 20 60 4 Hourly
Average of 7 highest 2466 D w
Moving Average of 10 2 62 68 55
69 57
Average Lrrometric Pressure 29,88 mm. Hge 73 61
Renge 29,84 - 29,93,
72 62
Average Humidity 54%
. 72 64
72 65
Ave 71 61
MoAe =~ 55

* Exposure to sun, as defined,




Dates 25. lo 470

80 -

BODY

SUBJECT I1ISCELL. I II TIII Iv v Wella -
1 12 25 39 23 1 2475 99,0
2 Slight corygza 12 15 53 19 1 2482 08, 8
3 6 22 46 24 2 2094 99,4
4 11 20 40 28 1 2488 08,8
5 Coryza 7 18 49 23 2 20 94 98,0
improving
6 10 24 50 14 2 2¢ 74 98¢5
7 16 38 38 -8 0 20 53 984 4
8 8 17 57 17 1 2,86 99,0
9 3light 13 40 38 9 0 2043 9845
coryze {
10 8 17 45 23 7 3,04 98,6 |
Wol. External Tempe, on
Bridge
Averace of 1P 2.78 4 Hour
Average of 7 highest 284 D ik
Moving Average of 10 2, 70 76 67
77 69
Average Barometric Pressure 29,78 mme Hge 80 7C
Range 29.74 - 29,82
78 69
Average Humidity 63% .
77 69
77 71
Ave 77 69
M. Ao - 61
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Date? 26. 1l 47,

SUBJECT IMISCELL. I II III Iv v Weile BODY
‘ TZP,..
1 ) 14 27 52 7 0 252 98,3
2 Slight coryza 15 24 43 14 4 2. 63 98,0
) 18 20 48 13 1 e 59 98,6
4 10 31 44 14 1 26 65 98. 5
5 Coryza 15 25 41 18 1 2465 98,0
improving
6 16 28 44 11 1 2653 98, 6
7 21 31 42 6 0 2633 98,7
8 23 23 35 17 2 2652 98,6
° Slight coryza 17 34 40 7 2 2045 98,7
10 ' 12 23 44 17 4 2678 0846
Welle Bxternal Temp. on
Bridge
Average of 10 2457 4 Hourly
Average of 7 highest 24 59 ) hik
ioving Average of 10 24 65 76 73
77 72
Average Barometric Pressure 29,77 mm. Hge 80 73
Range 29,73 - 29,80
78 72
Average Humidity 75%
77 72
76 72

Av, 77 72

Mo A. - 67



Date: 270 lo 4.'7.
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SUBJECT NISCEHELL. I IT IIT v v Welle BODY
TEMP,
1 10 34 42 13 1 20 61 99,1
2 Slight coryza 16 27 35 21 1 2 64 98,5
3 8 25 48 17 2 280 9843
4 9 36 4] 13 1 26 61 98, 6
] Coryza 12 26 36 23 3 26 7S 98,0
improving
6 15 29 45 11 0 2452 97,8
7 27 36 32 5 0 215 98,1
8 17 30 43 10 0 246 98, 2
9 Slight coryza 16 34 - 42 8 0 2042 98, 2
S.
10 15 27 37 19 2 24 66 98,0
Welie External Temp. on
Bridge
Average of 10 2657 4 Hourly
Kverage of 7 highest 2662 D ik
Moving Average of 10 24 64 76 71
76 68
Average Barometric Pressure 298C mme Hge 78 69
Range 29,77 - 29’85
80 67
Average Humidity 59%
76 65
74 66
Av, 77 68
MQA‘ - 70




Date: 28,1447
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SUBJECT !ISCELL. I ITI IIT v v Veliie BODY
TEP. -
1 16 28 40 15 1 2 57 98,4
2 Slight coryza 14 23 32 19 12 2,92 98.2
3 12 22 32 28 6 294 98,4
4 15 22 41 20 2 272 99,0
5 Coryza 16 22 36 25 1 2,73 97,9
improving
. B 17 31 42 10 0 2645 97.8
7 17 38 36 9 0 2037 99,C
8 13 19 49 17 2 276 98¢ 3
9 Slight coryza 34 30 31 4 1 2,08 98.4
10 18 21 42 186 5 2 73 98,4
Welle External Temp, on
Bridge
Average of 10 e 63
D ik
Average of 7 highest 26 65
75 68
Moving Average of 10 2459
75 69
77 68
Average Barometric Pressure 29,72 mm. Hge
Range 29,68 - 29,75 77 70
Average Humidity 678 77 71
78 73
Ave 77 70
Mvo - 70




Date:  2941.47. ¢

- 04 =

Y
SUBJECT MISCELL, I II TIIiT Iv Wolle BODY
TEMP.
1 21 31 43 5] 2032 084 4
2 Slight coryza 20 22 42 15 2055 986 5
3 14 20 48 16 26 70 98, 3
4 18 28 44 8 2 26 48 99,0
5 Coryza 14 27 46 12 2459 08,4
improving
6 28 29 35 6 24 25 98,4
7 25 30 41 3 2425 98,8
8 . 25 34 39 4 e 24 98, 7
9 Slight coryza 21 41 34 4 2, 21 98,7
10 18 24 42 14 2458 98,8
Welle External ;I'egrp. on
Bridge
Average of 10 2042 4 Hourly
Average of 7 highest 2045 D ik
loving Average of 10 2054 79 75
76 75
Average Barometric Pressure 29,67 mme Hge 80 75
Range 28,62 - 29,869
80 78
Average Humidity 90%
80 78
80 78
Av, 79 77
}i‘In A. - 72



Dates 500 le 4'7.

SUBJECT MISCELL. I II 1IIiI 1V v Wil BODY
TRP,
1 20 42 34 4 0 2022 97.7
2 Slight coryza 18 34 42 5 2437 98,6
o) 12 38 38 11 0 2446 98,0
4 20 27 44 9 O 2,42 98,7
5 Coryza 18 35 36 10 241 98,6
improving
6 14 55 42 11 24 50 99,0
7 S. 32 32 32 4 0 208 99,0
8 18 33 44 5 0 2036 99,0
9 Se Slight 22 34 37 7 0 26 29 98, 4
coryza
10 25 56 31 10 2,28 98,1
.M. Externsl Temps on
Bridge
Average of 10 2¢ 34 4 Hourly
Average of 7 highest 235 D ¥
Moving Average of 10 2446 81 78 .
81 78
Average Barometric Pressure 29,6° mm, Hg. 81 78
Range 29,65 = 29,753
83 78
Averaze Humidity 86%
81 77
81 77
Av, 81 78
IVIQA-. - 75



Date: 31.1e47,
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SUBJECT MISCELL. I IT TIIT Iv \' Welile BODY
TRP.,
1 15 45 36 4 0 20 29 98,3
2 21 42 30 7 0 2625 98,8
3 12 26 55 7 0 2457 99,2
4 16 28 46 10 0 2450 99.2
5  Goryza 20 29 43 8 0 2439 98,1
improving
6 17 49 29 5 0] 2439 98,1
7 23 43 34 0 0 2,11 98, 7
8 20 35 41 4 0 229 99,1
9 Slight coryza 26 23 43 8 0 2033 97,9
10 14 36 37 12 1 2450 98,1
Welle External Tempe. on
. Bridge
Aversge of 10 20 56 4 Hour
Average of 7 highest 2.41 D ¥
Moving Average of 10 2437 8l 78
81 78
Average Barometric Pressure 29,66 mm. Hge 82 75
Range 29,63 -~ 29,68
81 75
Average Humidity 82%%
81 77
80 78

Ave 81 77

- LI. A. - 77
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Date: l. 2. 4’7.

SUBJECT MISCELL. I II IIi Iv v Welle BODY
TRMP., |
1 2 28% |
2 S. 19 43 32 6 0 24 25 98,8
3 25 25 42 8 O 2033 98,8
4 23 24 47 6 0 2436 984 7
5 Coryza 18 28 45 9 0 2045 98, 2
improving . .
6 Se 4 30 28 7 1 2411 98,4
7 24 >4 39 k] 0 2421 08.7
8 20 40 35 5 0 2425 08,6
9 Slight coryza 19 34 @ 38 9 0 2637 98, 6
10 19 35 39 7 0 2.34 . 98,1
WMo External Temp, on
Bridge
Average of 10 2430 4 Hourly
Average of 9 2430 ' D ¥
Average of 7 highest 2034 o 76 74
Moving Average of 10 2 33 : 76 74
86 75
Average Barometric Pressure 29,64 mme.Hge 83 78
Range 29,55 - 29, 66
8L 77 .
Average Humidity 7%%
81 75

Av, 81 76
Mo A.o - 77

* Average of last 3 readings taken, to obviate tendency to low
aversge in the mean of the 10 weighted meanse Not included in scatter

diagrams for correlation coefficients,
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Dates 20 20474

SUBJECT IISCELL, I I I Iv v Weiie BODY
TRP,
1 2428
2 31 54 30 5 0 20 09 98,4
'3 25 29 33 12 1 235 99,0 .
4 25 34 35 8 0 2,28 98,5
] 28 26 57 8 1 2428 98,4 |
6 18 56 36 10 0 2038 99,0
7  Sinusitis 24 30 42 4 0 226 99,0
8 16 29 47 8 0 2647 9941
9 Slight coryza 21 37 32 9 1 2652 98,4
10 25 30 34 10 1 2632 98,5
WMo External Temp, on
Bridge
Average of 10 24 30 4 Hour
Average of 9 2 34 D W
Average of 7 highest 2033 80 74
Moving Average of 10 2432 81 74
82 74
Average Barometric Pressure 29 64 mm, Hge
8l 74
Average Humidity 69%
; 80 72
Ave 81 74

I\’Io Ao - 76
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Date: 47
SUBJECT MMISCELL. I IT III v Weile BODY
THEMP,
1 24 28
2 16 32 40 10 250 98, 6
3 Headache 10 29 50 11 24 82 99,2
4 13 32 38 15 2458 98, 6
5 17 25 40 16 24 31 98.4
6 23 39 31 7 24 22 98, 2
7 38 37 21 4 1.91 99,0
8 5 30 46 12 24 79 99,0
S Slight coryza 20 19 45 16 257 98,4
10 18 24 37 18 2 64 97.3
Wolle External Temp, on
Bridge
Average of 10 2e 47 4 Hourly
Average of 9 249 D hiA
Average of 7 highest 24 59 80 72
Moving Average of 10 2 36 8l 74
84 76
Average Barometric Pressure 29,64 mm. Hge 83 77
Range 29.61 ~ 29,66
83 77
Average Humidity 74%
83 78
Av,. 82 76
M‘A. - 75
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Date: 4e2e47.
SUBJECT LIISCELL. I IT III Iv v Tolle BODY
: TMoﬁ
1 24 28
2 Se 26 34 34 6 0 20 20 99,1
S Headache 25 43 27 5 0 212 99,0
4 14 47 30 9 0 2¢ 34 08, 6
S 17 35 41 %] 0 2442 08,4
6 21 30 45 4 0 232 99,2
7 Sinusitis 27 45 23 4 0 2004 99,0
Flight darhoea
8 5 37 52 6 0 2459 2C.2
g 16 31 33 15 0 252 99,1
10 17 34 36 12 1 20 46 98,0
WMo External Temp. on
Bridge
Average of 10 2033 4 Hourly
Average of © 20 33 D )i
&Average of 7 highest 2e 39 82 76
Moving Average of 10 2 37 8l 77
85" 78,
L]
Average Parometric Pressure 29,66 mme Hge 85 77
Range 29,62 - 22,69
84 77
Average Humidity 74%
, 73 72
Av, 82 76

L‘I . Ao -

75
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Date: 5.2047, Arrive Singapore*
SUBJECT 1'-2[SCEIL, I IT III Iv Vv Welle BODY
TRP. ‘
1 2428 |
2 13 32 42 11 2 257 98.4
d 20 27 43 9 1 2o 44 99.2
4 | 18 32 39 10 1 2044 99,0
5 19 38 38 4 1 2446 98, 2
6 16 32 40 12 0 248 99,2
7 21 4—8 26 5 0 2415 0845
8 19 31 44 8 0 2637 99,4
9 31 34 27 7 0 2413 98,6
10 18 o4 56 12 0 2642 97.8
WeMe External Temp. on
Average of 10 2:.37 4 Hourly
Average of 9 2058 D X
Average of 7 highest 2056 : 79 76
Moving Average of 10 24 39 78 75
83 76
Average Barometric Pressure 29,64 mme Ige. 82 76
Range 29,61 - 29,67 ‘
) 78 75
Average Humidity 81% 77 75

Av. 80 76
MeAse - 76

* Average daily temp. readings on bridge while in dock at Singapore:-

602047, Dry 77 Wet 74 M.A. EWetg 75 842447 Dry 79 Wet 75MA.(Het)7
7.9.47. Dry 77 Wet 75 M.A. (Wet) 75 9.2.47. Dry 83 Wet 77 MA.fet)®
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Date: lO. 2047

Sail from Singapore.

SUBJECT MISCELL, I II 1IIT Iv v Telle BODY
THiP,
2 21 34 25 10 2¢ 54 98, S
3 19 33 38 10 0 2459 984 7
4 25 40 33 4 2,18 98, 8
5 22 37 31 9 2430 99,0
ol External Temp, on
Bridge
Averaie of 4 (permanent 4 Hourly
staff) ' 2430
D 7
Average Barometric Pressure 29,66 mm. Hge 78 75
Range 2962 = 29,71 77 75
89 80
Average Humidity 79% 83 77
82 77
81 76
Av, 82 77
M.Ae =~ 76
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Date: 1le 2447
SUBJECT LISCELL. I IT 1IIT v v Welle BODY
T8RP,
2 Se 18 35 38 9 0 2038 98,7
3 15 32 43 10 0 2048 98,4
4 17 42 34 7 0 2431 98.4
5 Bed bug bites 18 35 35 12 0] 2,41 98,9
11 13 26 36 23 2 2¢ 75 98,1
12 11 37 35 17 0 2458 0846
13 * 14 35 35 15 1 26 54 99,0
14 15 31 48 8 0 2447 98, 7
15 Se 20 40 34 6 0 2 26 98,0
16 Se 16 43 35 7 0 2035 98,1
Welle External Temp. on
Bridge
Average of 4 2440 4 Hour
Averaze of 6 (passen- D w
gers from lalaya) 2449
81 77
Average of 10 2045
82 78 .
83 78
Average Barometric Pressure 29,64 mm,Hg,.
Range 29,60 - 29,68 85 78
Aversge Humidity 79% 82 76
80 76
Av, 82 77
L{o R. - 77

* One week history of corysza;

nov slight, and improving,
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Date: 12¢ 2e47e

SUBJECT MISCELLe I ITI IIT v v Wolle BODY
TEMP,
2 Se 18 20 37 24 1 24 70 99,0
3 12 32 40 13 3 2468 9843
4 16 36 36 11 2645 98,6
5 Bed bug bites 13 41 34 11 2046 98, 7
11 10 22 44 24 0 2082 99, 2
12 20 31 37 11 1 2442 99,4
13 Slight coryza 18 31 36 18 0 2052 98,8
improving
14 16 28 43 11 2 2455 98,7
15 Se 20 40 33 7 0 26 27 99,1
16 s, 15 42 36 7 0 2035 98,0
Welle External Temp, on
Bridge
Average of 4 2456 4 Hour
Average of 6 (passengers D W
from lialaya s) 2449
81 77
Average of 10 2092
81 77
85 78
Average Barometric Pressure 29,65 mme Hge
Range 29,61 - 29,68 88 78
Average Humidity 7%% 83 77
83 77
Av, 84 77
M.A. - 77
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Date: 134 26476 *

SUBJECT MISCELL. I IT III Iv N Wolls BODY
TP,
2 Se 18 27 38 17 0] 2¢ 54 98,7
3 15 36 39 9 1 245 98, 6
4 19 42 33 6 0 2626 98,8
5 Bed bug bites 12 50 29 9 0 2635 98, 4
11 12 29 42 15 2 20 §6 99,1
12 18 41 38 . 2 0 26 25 98,0
13 Coryza 19 58 32 9 2 26 37 98,9
inproving
14 11 27 50 1C 2 26 65 98, 4
15 Se 23 34 34 9 0 2629 08, 6
16 21 37 34 8 0 2¢ 29 976
Welle External Temp, on
Bridge
Average of 4 2440 4 Hourly
Average of 6 2042 D il
Average of 10 2041 82 76
Moving Average (M.A.) 82 76
of 10 2646
85 79
Average Barometric Pressure 29,65 mme Hge - 87 78
Range 29,63 - 29,69
83 77
Average Humidi ty 72%
82 76
Ave 84 77
MOA. - 77

* Arrive and depart Colombo 14.2.47.

Bridge Temp. 4 hrly. average
for that day = 85° Dry Bulb 77° Wet Bulb M.A. (Wet Bulb) 77



Dates 15.2447,
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BODY
SUBJECT MISCELL. I IT TIII v v Welle TSP,
2 18 24 42 15 1 2057 98,8
3 9 33 44 13 1 2464 98,1
4 18 34 39 9 0 24 39 98, 2
5 18 31 39 12 0 2445 98,8
11 Excess sun 36 36 26 2 0 1,94 98, 6
exposure¥® ‘
12 11 37 40 11 1 2454 98, 4
013 Se on 14,2,47, 35 31 30 4 0 26 03 99,4
14 5 36 44 14 0] 2470 97.8
15 21 32 36 11 0 2,37 98.6
16 Headache: coryza 31 41 21 7 0] 2.04** 101,8
Rhonchi in chest
Welle External Temp. on
Bridge
Average of 4 24901 4 Hourly
D . w
Average of 6 2631
80 77
Average of 10 24 39
79 76
M.A. of 10 2¢ 44
85 77
Average Barometric Pressure 29,66 mm. Hg, 85 77
Range 29,60 - 26,67
80 76
Average Humidity 79%
82 76
Av, 82 77
IVI.A. - '77

* Exposed to very hot sun for 4 hours, wearing trousers only.
sunburn, but felt exhausteds
prev%eus readings used for means; iece 2630,
d 17 omitted for correlation etc.

** Average o
Results on 1

f three

h

’

16

No
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** Sece footnote 15¢ 247,

correlation, butmean of previous 3 days used to prevent bias

of average of 10, for graphing.

WeM.'s for 15, 16 ~nd 17th omitted for

Date: 16,2447
SUBJECT MISCELL. I IT 1III v v WM, BODY
TRMP,
2 15 39 35 10 2043 98,4
3 8 37 41 14 0 2661 9843
4 14 40 38 7 2041 98.7
5 20 35 40 5 0 24 50 98,6
11 See footnote 39 39 18 4 0 1l.87 979
156 2447,
12 12 36 46 6 0 2446 98e.7
13 . 39 38 19 8 0 2. 00 98, 2
14 5 27 47 21 0 284 9848
15 Se 18 42 32 8 0 2430 98, 2
16 41 45 14 0 0 1. 73** 98,4
Wello External Tempe oOn
' Bridge
Average of4 2044 4 Hourly
D W
Average of © 2650
A 81 76
Average of 10 24 35
82 77
M,A. of 10 2438
83 77
84 76
Average Barometric Pressure 29,64 mme. Hge
'~ Range 29,59 - 29.69 82 75
Aversge Humidity 74% 81 74
Av, 82 76
M.A, - 77
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Datez 170 2.4:70

Arrive Bombay*

SUBJECT MISCELL. I IT IIT Iv Vv Welle BODY
TEMP.,
2 Se 10 35 40 14 1 2,61 9843
3 5 30 47 18 0 20 78 98, 2
4 7 37 41 15 0 2.64 98,5
5 11 28 39 21 1 2473 98, 4
11 21 41 31 7 0 26 24 97,5
12 S. 13 34 41 7 2 2,48  97.6
13 39 37 19 5 0 1.0 98,0
14 3 36 46 15 0 26 73 98,1
15 19 34 40 5 2 2037 08.4
16 Se 39 40 21 0 0 1,82%* 97.4
WelMe External Temps on
Bridge
Average of 4 24.69 4 Hour
D w
Average of 6 2¢ 34
81 71
Average of 10 2,48
77 71
M.A, of 10 2¢ 41
78 69
] 79 70
Average Parometric Pressure 29,67 mm. Hge ’
Range 29,64 - 29,71 79 70
Average Humidity 63% 75 69
Av, 78 70
LI‘A. - 74'

* Bridge temp. 4 hrly. averages while in Bombay:- 18,2.47. D 78 W 703

1942447 D 79 W 71e

** See previous footnotes

his mild indisposition, and by 20.2.47 was apparently quite well,

M.A. (Wet Bulb) 72 and 70.

Patient recovered very aquickly from
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Dates 202447,  Depart Bombay

SUBJECT MISCELL, I II IIT Iv Wello BODY
2 8 31 47 13 2068 98,4
3 6 24 51 18 2.84 97.9
4 7 42 41 S 2455 979
5 16 32 38 14 2450 9845
11 18 36 37 8 2438 98. 2
12 Se 9 37 44 10 255 9748
13 11 39 42 8 2647 98,4
14 12 41 37 S 2,46 98,4
15 12 43 35 10 2643 98.5
16 Se 20 39 32 9 2430 977
Welle External Tempe on
. Bridge
Average of 4 24 64 4 Hourly
D W
Average of 6 243
74 70
Average of 10 2452
‘ 74 70
MeA. of 10 2¢45 ,
80 74
83 72
Average Barometric Pressure 29,75 mme Hge
Range 29,71 = 28,79 80 71
Average Humidity 71% 78 73
Av, 78 72
I‘zI. A. - 71
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Dates 2)e 20476

SUBJECT MISCELL. I I III Iv v Welle BODY
TRP.,
2 16 31 37 14 2 2 55 98, 2
3 4 25 52 19 0 286 979
4 14 35 35 15 1 2¢ 54 97.8
5 16 27 40 15 2 26 GO 98, 2
11 17 42 26 14 1 2,40 98,3
12 14 38 37 11 0 2045 08,4
13 12 35 40 11 2 2456 08,4
14 10 38 39 12 1 2456 97.8
15 12 36 43 8 1 24 50 98.4
16 S. 20 37 35 6 2 2633 98, 2
va.lyi. Extemal ng: on
Bridge :
Averasge of 4 2¢ 64 D4 Hourly
W
Average of 6 2647
76 72
Average of 10 2¢ 54 '
75 71
M.A, of 10 2.51
80 72
79 71
Average Barometric Pressure 29,81 mm, Hg.
Range 29,78 ~ 29,85 76 70
Average Humidity 71% 75 68
Av, 77 71
M'A. - 71
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Date: 2242447

SUBJECT IMISCELL, I ITI 1III Iv v Wolle BODY
TE}v[P-j
2 3. 6 28 55 11 1 2,75 98, 7
3 8 23 52 15 2 280 99,0
4 13 41 35 11 0 2.44 98,7
5 11 45 33 10 1 2645 98,4
11 10 41 35 14 0 2653 98¢ 5
12 11 35 45 9 0 26 52 98,4
13 12 34 37 16 1 260 98,7
14 8 28 44 17 3 2672 87.9
15 S. 12 42 35 11 0 2045 98,5
16 Se 24 38 30 7 1 26 25 97.8
Wolle External Temp. on
Bridge
Average of 4 2. 61 4 Hourly
Average of 6 252 D W
Average of 10 24 56 74 69
M.A, of 10 2054 74 69
83 73
Average Barometric Pressure 29,83 mm, Hge 81 72
Range 28,81 - 20,86
79 72
Average Humidity 67%
76 71
Av, 78 71
M.A. - 71
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I't'io A. - 71

Date: 25. 2. 4'7.
SUBJECT MISCELL. I Ir 1III Iv v Wk, BODY
mml
2 S. . 9 23 47 18 3 2483 98,7
3 9 38 41 12 0 2656 98, 7
4 13 32 41 14 0 256 98,4
5 12 36 46 5 1 e &7 98.4
11 12 39 37 12 0 2.49 98.1
12 9 32 43 13 3 2469 98,4
13 17 27 45 11 ¢ 2, 50 98,7
14 10 34 40 16 0 2. 62 98, 2
15 S. 9 35 42 14 0 2061 9844
16 S. 24 27 35 12 2 2e41 98,4
Wl External Temp. on
Bridge
Average of 4 2461 4 Hour
Average of 6 2455 D W
Average of 10 2057 75 70
M.A. of 10 26 56 76 69
83 72
Average Barometric Pressure 29, 7¢ mm, Hge 84 73
77 71
Average Humidity 637
76 71
Ave 79 71
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Dates 246 20 4:70

SUBJECT MISCELL. I IT TIIT IV Wells BODY
TRP,
2 Se 11 29 47 12 26 63 99,0
o 15 o1 47 7 2446 98, 6
4 16 33 35 186 2451 98,7
5 18 38 36 8 26 34 98,4
11 13 29 35 18 2073 0844
12 10 37 40 13 2¢ 56 97,7
13 8 54 44 14 2064 98,3
14 10 31 46 12 2063 87,8
15 o 33 46 11 2,62 98,8
16 Se 18 40 33 9 2¢ 33 98,1
Tolle External Temp. on
Bridge
Average of 4 2449 4 Hourly
Average of 6 - 2659 D w
Average of 10 2455 76 71
M.A. of 10 256 79 73
83 74
Avei*age Barometric Pressure 29,67 mm, Hge 85 73
Range 29,58 - 29,75
81 73
Average Humidity 68%
78 74
Av, 80 73

ILA.

72
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Date: 25. 2. 4-'70
SUBJECT MISCELL, I IT IIT Iv v Wolie BODY
TEMP.
2 S. 15 29 38 18 0] 2459 98,5
3 4 22 51 21 2 2095 98,6
4 9 40 37 14 0 2,56 98,7
5 11 31 45 12 1 2661 98,5
11 13 41 52 12 2 e 49 98,7
12 13 34 42 10 1 2652 08, 7
13 13 36 56 14 1 2¢ 54 98,6
14 12 35 37 14 2 2459 98.4
15 13 46 27 14 0 2042 98,1 :
16 S. 32 52 31 5 0 2009 97.8'
. |
WM. External Temps on
Bridge
Average of 4 2468 4 Hour :
Average of 6 20 44 D W :
Averaze of 10 20 54 78 76 :
M.A. of 1C 2655 78 75
80 73 'f
Average Barometric Pressure 29,64 mm. Hge 82 65 ,
77 68 i
Average Humidity 63%
76 68 :
¢ Ave 79 71

I‘VIQAQ - 72



- 115 -

Dates 266 2047,

SUBJECT 1 SCELL. I II III IV WL BODY .
TRMP,,
2 9 31 - 44 15 20 68 98.5
3 8 33 44 15 24 66 9846
4 12 32 4] 11 Qe 63 9844
5 17 24 - 49 10 2e 52 98, 2
11 11 42 3 11 0 2 47 98,8
12 17 38 37 8 0 2 36 98.0 |
13 12 4.7 34 7 0] 2036 98,4 |
14 12 35 37 15 258 98,4
15 18 42 32 7 2e31 08,4
16 Se 24 -39 30 7 26 20 084 3
Welle External Tempe on
Bridge
Average of 4 20 62 4 Hourly
Average of 6 2638 D W
Average of 10 248 75 65
M,A., of 10 252 73 66
74 67
Average Barometric Pressure 29,70 mme IHg. 75 67
Range 2968 ~ 29,72
75 67
Average Humidity 59%
73 58
Av, 74 65
M.Ao - 70
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Date: 2762447,

SUBJECT MISCELL. I II IIT v v Welis BODY -
THRP.!
2 11 27 47 12 3 2, 69 98,0
3 5 852 47 13 3 2,77 98,2
4 10 35 35 15 1 2,62 98,2
5 15 29 39 15 2 2060 98,7
11 7 40 28 22 d ' Do T4 08,4
12 12 31 40 17 0 262 98,2
13 12 35 35 17 1 2,60  97.8
14 9 27 46. 18 0 2e 73 97.8
15 19 38 36 7 0 2051 98,0
16 Se 14 29 43 12 2 24 59 98,7
Wolle External Temp., on
' T Bridge
Averaze of 4 2 67 4 Hourly
Average of 6 2460 D W
Average of 10 2463 67 56
M.A., of 10 2,55 . 65 54
77 61
Averege Barometric Pressure 29.75 mme Hge 78 64
Range 29,71 - 29,81
. 63 60
Average Humidity 53%
61 60

Ave 69 59

MeAe 65
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Date: 282047
SUBJECT IMISCELL. I IT1 III IV \' Wells BODY
TRP.,
2 Tooth 13 59 32 15 1 252 9¢,1
extraction
3 10 22 46 12 0 24 60 98,0
4 19 38 37 6 0 2430 98,53
5 6 38 42 12 2 24 66 98.4
11 Slight coryza 11 34 43 12 0 2446 8040
12 15 30 35 18 2 2062 98.0
13 12 32 43 13 0 257 88,0
14 12 32 44 11 1 257 0746
15 Slight coryza 12 41 41 6 0 2,41 98, 7
16 Se 8 51 35 6 0 24 39 97.6
Weldo Bxternal Tempe on
© Bridge
Average of 4 2.52 4 Hour
Aversge of 6 2450 D W
Average of 10 2451 62 59
M.A, of 10 2¢.54 62 59
66 61
Average Barometric Pressure 29,84 mm.Hg. 66 83 |
65 61 |
Average Humidity 83%
62 61
Av, 64 61
M. A. - 62



- 118 -

Dates le3e 4:7.

SUBJECT MISCELL. I IT IIT v v Wells BODY
TP,
2 16 36 45 3 0 235 08.8
k) 7 52 46 13 2 2¢ 71. 08, 7
4 17 30 35 18 ¢ 24 54 98,7
5 9 30 45 16 0 2 68 9842
11 Slight coryza 5 30 42 19 4 2487 96,8
12 12 40 40 7 1 2045 98,0
13 16 36 32 14 2 2¢ 50 98,0
14 Coryza 10 37 42 1) 2 2456 98,5
15 Slight coryza 19 44 28 -9 0 20 27 98,0
16 5 41 25 9 0 2,18 98,1
ML, External Temp, on
. Bridge
Average of 4 2457 4 Hourly
Averaze of 6 24 47 D i
59 57
Averaze of 10 2051
58 57
M.A, of 10 2055
63 60
62 59
Average Barometric Pressure 29,76 mm, Hg.
Range 29,74 - 25,82 60 57
Average Humidity 887% 59 56
Av, 60 58
. ]x‘I;A. - 59



- 119 -

Date: 2e3e47e

SUBJECT MISCELL. I IT IIT v v Well BODY
TRP,
2 6 38 45 11 0] 24 61 98.4
3 8 36 43 13 0 2461 98.1
4 15 35 38 10 2 2649 98, 7
5 Coryza 8 45 36 11 0 2450 908, 4
11 7 38 56 17 2 20 68 96. 5
12 10 40 44 6 0 20 46 87,7
13 10 42 37 11 0 2449 9845
14 Coryza 10 42 40 8 0 2,46 98,1
15 Slight coryza 18 44 33 5 0 2425 98. 2
16 20 40 34 5 1 24 27 97.4
Wells External Tempe on
"~ Bridge
Average of 4 2055 4 Hourly
Average of 6 2¢ 44 D W
Average of 10 2448 55 52
. M.A. of 10 24 50 56 53
66 57
Average Barometric Pressure 29.84 mm, Hge 68 58
Range 29,76 - 29,87
64 58
Average Humidity 67%
62 57
Av, 62 56
Ii:u A-o - 58
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Date: 50 5.47.
SUBJECT ILISCELL. I II IIT Iv v Welle BODY
m‘mo 3
2 13 38 42 7 0 2e45 08, 4
3 8 34 42 16 0] e 66 98,5
4 11 33 46 %) 1 20 56 98,1
5 Coryza 11 35 39 15 0 2058 98¢ 5
11 4 30 41 22 3 290 973
12 11 31 47 11 0 2058 98, 4
13 12 29 38 20 1. 269 984 7
14 Coryza 9 36 41 14 0 2460 97.6
15 Slight coryza 23 46 30 1 0 2,09 07,7 |
16 16 37 39 8 0 2039 97.8
Welle External Temp, on |
Etr:].c_iage |
Average of 4 20 56 4 Hourly |
Average of 6 20 54 D W
Average of 10 20 55 61 58
M.A. of 10 20 01 65 57
63 59
Average Barometric Pressure 29,60 mm, Hg,. 71 59
Range 29,44 ~ 29.82
59 57
Average Humidity 6%%
: 59 57
Av. 64 53

Lol

57
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Date: 4.'. 50 470
SUBJZCT LISCELL. I IT III 1v \ Wolie BODY
TRP.
2 7 33 43 17 0 26 70 0841
o 8 32 46 13 1 20 67 08.4
4 11 31 39 17 2 2,68  98.4
5 Coryza 5 28 46 21 2 2,89 98,4
11 6 26 40 24 4 2054 98,8
12 5 38 43 12 1 2665 98,1
13 13 25 36 21 20 68 98,4
14 Coryza 9 29 40 21 1 20 76 98,0
15 Coryza 16 42 36 6 0 2432 98,0
16 18 49 28 5 0 220 98,0
= Welle External Temp, on g
Bridge :
Average of 4 2 74 4 Hourly i
|
Average of 6 20.59 D W |
Average of 10 24.65 59 55
. As of 10 2¢.56 58 53
57 54
Average Barometric Pressure 29,51 mme. Hge 60 56 1
Range 29,48 - 29,54 |
59 56 |
Average Humidity 8% ;
' 57 55 §
Ave 58 55
IYIQA-. - 56 '
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Dates Sede4Te
SUBJECT 1{ISCELL. I I III Iv v Welle BODY
TE'{P.
2 8 25 48 18 1 26 7S 9847
3 7 33 42 18 2 26 73 98,6
4 10 40 38 12 0 2652 99,2
5 Coryza 7 26 37 30 0 2090 97,6
11 5 29 46 19 1 2082 9840
12 14 31 43 12 0] 2¢ 53 98,1
13 Seasick 12 22 50 15 1 26 71 9840
14 Coryza 1 27 51 11 0 20 B2 98,4
15 Seasick; 12 41 39 '8 0 2443 9743
coryza
16 Seasick 15 41 43 1 0 24 30 07.8
Welle External Temp. on
Bridge
Average of 4 20 74 4 Hour
Average of 6 2657 D w
Average of 10 2 64 56 54
M.A., of 10 2¢61 56 55
55 52
Average Barometric Pressure 22,51 mm. Hge 57 52
Range 29,46 - 29,54
51 47
Average Humidity 80%
48 44
IVI. Ao - 55





















































































































































































































