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AN ANALYSIS OF THE INFLUENCE OF IRRADIATION
BY MEANS OF A MERCURY VAPOUR LAMP UPON THE
HEALTH AND FERTILITY OF A BREEDING STOCK OF
GUINEA-PIGS AND UPON THE HEALTH OF THEIR
OFFSPRING DURING THE FIRST SIX WEEKS OF LIFE.

By G. F. PETRIE.
(Serum Department, Luster Institute, Elstree.)
(With 3 Text-figures.)

THE maintenance of a constant supply of healthy guinea-pigs is an important
part of the work of laboratories which are engaged in the production of
diphtheria and tetanus antitoxin. The subacute infective processes to which
malnutrition predisposes enhance the effect of the test dose of toxin, with the
result that irregular deaths among the animals under test render difficult the
titration of the antitoxin. For this reason it is desirable that breeding stocks
should be kept in suitable animal houses under the best hygienic conditions
possible. This policy has been followed in the Serum Department of the Insti-
tute for many years; there have been comparatively few introductions of
stock from outside sources, and within recent years special attention has been
devoted to diet. *

Since October 1924 a pneumococcal infection, which is mainly incident upon
the breeding sows, has existed among the stock of guinea-pigs at Elstree; the
outbreak was apparently attributable to some deficiency in the diet. The
disease is well known in France and in the United States, but there are only a
few references to its prevalence in Germany and in this country. It is hoped to
give, in a later communication, a detailed account of the disease, as it has been
observed here. The chief lesions are those of a pleuro-pneumonia or of a
metritis which brings about still-births, and may cause the death of the mother
soon after parturition. The incidence upon the breeding boars is much less;
they occasionally die of the pneumonic type of infection. Fortunately the
young stock, from the age of 1 month to the time of mating, that are reserved
for experimental and testing purposes, rarely show signs of the disease. The
infection has proved to be a persistent one in spite of providing the stock with
an abundant and varied diet, which includes a regular and ample supply of
green food. Vacecination with the guinea-pig strain of pneumococcus has been
tried, but without success. The mortality, especially among the newly born
and very young animals, shows an increase in the first quarter of the year, a
seasonal relation which suggests the exhaustion, during the first half of the
winter, of a vitamin reserve in the breeding sows that had been stored up in

https://doi.org/10.1017/50022172400010354 Published online by Cambridge University Press


https://doi.org/10.1017/S0022172400010354

G. F. PETRIE 155

summer, with a consequent lowering of the resistance of both parent and young
to the attack of the pneumococcus. A deficiency in vitamin D was considered
as'a possible factor, and since cod-liver oil cannot be administered to guinea-
pigs because they do not readily digest oily substances it was thought that
irradiation by means of a mercury vapour lamp might, prove useful by making
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Fig. 1.
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Note: parslysis of hindguarkers observed UI- 2 28; killed 12- 7 _28.

PM Mo 460 = Uterus infecled with G. P;g Pneumococcws
Fig. 2.

good the presumed deficiency or by acting as a therapeutic agent which would
strengthen the defences against the microbic invasion. A system of recording
the history of each breeding sow had been in operation during 18 months
before the experiment began, so that the machinery already existed for col-
lecting data which might afford an estimate of the influence of irradiation upon
11-2
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the incidence of the pneumococcal infection, the fertility of the breeding
animals, and the health and nutrition of their progeny. The actual record cards
of two breeding sows are reproduced (Figs. 1 and 2): one of them the best
breeding animal of which we have had experience, and the other an example of
an animal which, for part at least of its breeding life, was evidently a carrier
of the guinea-pig strain of pneumococcus.

METHOD OF IRRADIATION EMPLOYED IN THE EXPERIMENT.

During the period of the experiment the breeding stock of guinea-pigs was
kept in two wooden buildings, which were in every way similar. Each had a
floor area of about 45 ft. by 14 ft., and on either side of a central passage there
was a row of breeding pens, each of which measured about 5 ft. by 2 ft. 6 in.
and housed six sows and a boar. The stock was equally divided between the
two buildings, care being taken to avoid conscious selection, and the guinea-
pigs in one of them were irradiated while those in the other house served as a
control. In an adjacent building there is a double row of kindling pens, each
of them about 18 in. square. When a sow shows obvious signs of pregnancy
she is transferred from the breeding house to a vacant kindling pen and is kept
there until the young are ready to be removed to the experimental or reserve
breeding stock. When the experiment began, the kindling pens were divided
by a partition into two sections, one for irradiated sows and their litters, which
continued to recetve routine irradiation, and the other for sows from the control
house, which were given no light treatment. Young guinea-pigs, born of irra-
diated mothers, that were destined for the breeding stock, continued to receive
the treatment until the experiment ended. The stock as a whole included a
large proportion of white and light-coloured animals (95 per cent.); 59 per cent.
were pure white.

The lamp used was the Ulviarc Medical Lamp supplied by the Hewittic
Electrical Co., Ltd., and was fitted with a 3000 c.p. mercury vapour quartz
burner. From 14. ii. 28 to 19. v. 28 the original burner was used for a total
period of 118 hours. A fresh burner was then fitted and was in use until
23. vi. 28—a total of 105 hours’ illumination. Thereafter a new lamp was in
operation for 229 hours, until the end of the experiment. There was thus little
time for any serious deterioration in the emission power of the burners to have
taken place. For the first 2 months of the experiment, dating from 14. ii. 28,
the lamp was suspended at a distance of 3 ft. 7 in. from the floor of the pens on
a wire support placed midway along the central passage of the breeding house.
The area irradiated at each exposure was 5 ft. by 5 ft., that is, the area of two
pens. The area irradiated in the kindling pens was 3 ft. by 3 ft., that is, the
area of four pens. On 16. iv. 1928 the conditions for irradiation were improved
by suspending the lamp directly over the centre of the breeding pens at a
height of 2 ft. 6 in. from the floor of the pens, and on the same date the lamp
was lowered over the kindling pens so that the animals in six pens received
treatment at each exposure. The time of exposure was increased from 1 minute
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per day for the first 3 weeks to 5 minutes per day four times a week and
2 minutes per day twice a week in the period 4. iv. 28 to 19. x. 28. Betweer the
latter date and the end of the experiment on 14. ii. 29 the time was 3 minutes
per day for 6 days in the week. The total time of exposure for each individual
of the initial stock which survived till the end of the experimental year was
15 hours 9 minutes.

Since any effect due to irradiation was unlikely to have disappeared
abruptly when the treatment was stopped it was thought best to include the
subsequent 3 months, that is, until 15. v. 29, in the analysis of results. During
the experimental year a total of 613 adult breeding animals (519 sows and
94 boars) were observed, and to these, up to 15. v. 29, 3620 young were born.
The analysis which follows is thus based on the observation of 613 adults and
of 3620 young during the first 6 weeks of life—a total of 4233 animals.

ANALYSIS OF DATA RELATING TO THE BREEDING SOWS.

In each of the two groups of breeding sows a number of the animals which
began the experiment did not survive till its close. These were replaced by
substitutes, of which a certain number likewise died before the end of the
experimental year. The data in the tables have accordingly been arranged in
four groups of irradiated animals and four corresponding groups of control
animals, as follows:

Survivors of initial stock: irradiated.

Survivors of initial stock: control.

Survivors of replacements: irradiated.

Survivors of replacements: control.

Initial stock dead during experiment: irradiated.
Initial stock dead during experiment: control.
Replacements dead during experiment: irradiated.
Replacements dead during experiment: control.

Geneml death-rate. The monthly figures are set forth in Table T and are
shown in graphic form in the chart (Fig. 3), which represents the combined
figures for boars and sows. The graph prepared from the figures for breeding
sows alone is very similar. Dr P. L. McKinlay, of the London School of
Hygiene and Tropical Medicine, has very kindly examined the data in this and
the other tables. He has calculated the probable errors for the combined
groups (boars and sows), both irradiated and control, and has found that the
observed differences in the mortality data can be regarded as substantial in
4 only of the 16 months. These are shown in Table II. He notes that in each

S ol

Table II. Showing the probable errors for death-rate differences in the combined
groups (boars and sows), irradiated and control, as set forth in Table 1.

Difference between irradiated and control (boars and sows).

Aug. 1928 ... ... T7+24
Feb. 1929 564 1-2
Mar. 1929 41 4+ 12
Apr. 1929 . 364 12
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instance the difference is in favour of the irradiated guinea-pigs, and that in
the remaining months of the experiment the differences are statistically neg-
ligible, and, moreover, are evenly distributed among the two groups, since in

18 i
7 irradiated 16

@ —————— = non-irradiated "3

Percentage mortality

1928 19329
FEB MCH  APL, MAY Jun. JUL. AUG SEP OCY NOu DEC. JAN. FEB  MCH. APL. MAY

Fig. 3. Comparing the deaths from all causes among the irradiated and the non-irradiated breeding
guineg-pigs (boars and sows) in each of the 16 months from the date of beginning the experi-
ment.

five the irradiated animals and in six the control animals show the more
favourable experience. In the remaining month the mortality in the two
groups is equal.

Deaths from pneumococcal infection. Table IIT indicates that there is no
material difference in this respect between the two groups.

Table III. Comparing the mortality from pneumococcal infection among the
wrradiated and control adult female guinea-pigs : the figures represent monthly
averages.

Average Monthly average
monthly Monthly average
population ——m—A——— Deaths
from March Deaths Total  from pneu-
1928 to Total  from pneu- deaths  mococcus
April 1929  deaths  mococcus as 9, as %
Sows: irradiated 177 59 4-1 33 2-3
Sows: control 154 86 34 56 2-2

Fertility data. The data under this heading will be found in Table IV. In
two instances the average size of the litters is higher in the irradiated guinea-
pigs, and in the remaining two groups it is higher in the control guinea-pigs,
but Dr McKinlay’s calculations show that in no one of these is the difference
statistically significant (Table V). The conclusion may be drawn that the
average size of the litter is not affected to any appreciable extent by irradiation.
In Table IV there are also shown the number of young per 100 breeding sows
in each group. In two instances the figures are in favour of the irradiated
guinea-pigs, and in two in favour of the control guinea-pigs.

https://doi.org/10.1017/50022172400010354 Published online by Cambridge University Press


https://doi.org/10.1017/S0022172400010354

on

t

a

Influence of Irradi

160

-uorgosyur [Bov0v0ommoud woay syjesp Jo Jequnu oy} jusserder seInSy Xepur [jews ayJ, +
's390m SUIMO[[0] OM] OY3 SULIND SY}BOP OU SIIM I, «

g8 0-0 s 0-€ 9-8 L-9g 0 g L 08 (2)69
VL -0 G0 €6 €¢1 G81 1 1 08 €€ (Vig
6-01 0-0 $-0 e g 11 L-9% 0 4 @ ¥l €9 (9)6¥1
I-L1 G0 8-0 6-€ L8 0-L% 1 g ®»¥e on¥e (5891
¢9 00 -0 0-¢ (4 0-11 0 4 11 ©) 83 (£)09
G-93 -0 11 GG 0¥ 8% e m9 mal (8)GG #)93
99 ¢0 L0 Il 0¢ 09 1 me€ g 6 ©)L8
g 11 ¢0 <0 91 8¢ R | B Y @il dmog
sjooM ¥ JooM YOoM YoM  N9oM 1Y G[ 99M YooM  JooMm qoom Iy g1
981y Sutmp ™y pig  pug 8] Uy pig pPUug 81
Sunof ut snoooo ™ v S v —
-ownsud wory % ‘SON
Aypesrow Y, . N g
«OJ1] JO s}oaM F 981y ut Sunok Jo syjes(y
L-%G b4 L16 oL 1€ g1 91¢ — — 47
6-09 918 9-28 L8 eLg -1 80¥ — geg €g
6-Lg 89¢ €88 8¢ 8G'¢ 81 189 0-¢1 — 96
1-9¢ 2e9 G-g8 9%¢ 6%-¢ 61 699 L-€1 1Ly €6
028 19¢ G-L6 11 0€-¢ 0-g 99 - — €8
g8 <524 1-98 L¥1 93-€ €¢ 89L — 164 1L
0-06 16% 0-16 ¥62 € V€ L8I1 0-61 - 8¢
¢-z8 5544 9-16 681 2g-€ [ R gl g€t 606 oy
% se re1ol, ("uxag) ‘ON 8I0931] $1019T]  smos 00 (Syjuowr) (sejnuima) SMO8
SIOATAING yJrom jo ozs jo rou  1od Sunof gz ‘M HT uory Jo "ON
——— ——— oferaay aferoay e3eIoAY  Jo 'ON uo ofe  -BIpeLIl
ST — oferoay ofereay
YIIq 4e

1090000unoud WoLf 2pw4-y10ap ) (g)
‘6% "A "CT 01 8% "11 FT poriad oY) ui smos burpaoiq paprpvLn-uou pup papprpnss 3yp Jo Ry oy

unoX jo 1yfrem

*++ [o1puod quewitadxe Suunp pesp sjusweoeidey
payerpedt :quonitiodxe Sulnp peep sjusweor[doy
*+ [oIpuod :quemnredxe SuLINp peop F903s [eIUT
_pojeIpeat : :quonniodxo JuLnp pesp j009s ferpIUT
Jonuos :sjuawede[dar Jo sI0ATAING
poyerpent :spuomeoejdor Jo s1oA1AINg
*** [OIJUOD :¥0O0JS [RITUI JO SIOATAING
POJRIPRLIT $}D0)8 [RIIUI JO SIOAIAING

*** Jonuod :qusmiiedxe Juunp peep syusmessidey
poreipear :quomiiedxo Sulnp peop sjusweoeidey
© [o1uo0d :quemnitedxs JuLIMp peop 30098 [BRIUT

pojeIpe : :quewiltedxs SuLinp pesp 0098 reriuf

[013U09 :sjuawsorider Jo s10ATAING
Po3BIpelI sjuatnaoe[dal Jo s1oAIAING
** [0IJU0D :}D0)S [BITUT JO SIOATAING
PA1BIPRIIL 1 X00}S [ETIIUL JO SIOATAING

‘ofyy Jo yrows 156 oy1 buranp bunofi ayp fo wonoafur

pup ‘af) fo syaom g 1541f 2y burunp sdnosb omy ay1 Jo bunok 2y fo api-pparains oy (g)

(1) burandwoy) AT ojqef,

https://doi.org/10.1017/50022172400010354 Published online by Cambridge University Press


https://doi.org/10.1017/S0022172400010354

G. F. PETRIE 161

Table V. Showing the probable errors of data relating to the average size of litters
produced tn the two groups, as set forth in Table IV.

Average size of litters.

Irradiated Control
Survivors of initial stock 3-32 4 0-07 344 3 0-06
Initial stock dead during experlment 349 4+ 0-06 3-28 + 0-06
Survivors of replacements ... 3:26 + 0-05 3-30 + 0-05
Replacements dead during expenment 372 £ 0-10 341 4+ 0-08

THE INFLUENCE OF IRRADIATION UPON THE BREEDING BOARS.

The figures for the boars are too small to warrant any definite conclusion,
but there is little reason to believe that there is any notable difference between
those that were irradiated and those in the control group. With an average
monthly population of 26 boars in the irradiated stock there were three deaths
from pneumococcal infection in 14 months, whereas with an average monthly
population of 27 in the control group there were four deaths from this infection
in 14 months.

ANALYSIS OF DATA RELATING TO THE PROGENY OF THE TRRADIATED AND
CONTROL ANIMALS.

Survival-rate of the young. In Table IV, which summarises the results of
the whole period of the experiment, it will be seen that in three out of four
instances the survival-rate of the young is higher among the control groups
than among the irradiated groups, but in only one of these can the difference
be regarded as trustworthy (Table VI). In the remaining group (“survivors of

Table VI. Showing the probable errors for survival-rate differences,
as set forth in Table IV.

Survival-rate differences.

Survivors of initial stock -754+£16
Initial stock dead during expenment ~-1:84+20
Survivors of replacements . + 53+ 15
Replacements dead during expenment ~ 38432

+ indicates difference in favour of irradiated animals.
— indicates difference in favour of control animals.

replacements: irradiated”’), in which the survival-rate is higher in the irra-
diated guinea-pigs than in the control group, the difference is probably
significant. With regard to Table VII, which arranges the data according to
four periods, Dr McKinlay reports as follows:

1. In the first period, none of the differences in survival-rates is found to
be significant.

2. In the second period the significant differences are: “Survivors of initial
stock ”—in favour of control guinea-pigs. “Initial stock dead during experi-
ment”’—in favour of irradiated guinea-pigs. “Survivors of replacements”—
in favour of irradiated guinea-pigs. The remaining one (‘“replacements dead
-during experiment”) is insignificant.

3. In the third period the only significant difference is in the group
“survivors of initial stock,” and it is in favour of the control animals.
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4. In the fourth period the groups “survivors of replacements” and
“replacements dead during experiment” show substantial differences, one in
favour of the treated and the other in favour of the untreated guinea-pigs.
The differences in the two remaining groups are probably of no significance.

In other words, although several of the apparent differences are very
unlikely to have arisen by chance, the differences in favour of the untreated
and treated guinea-pigs are about equally balanced, and there is therefore little
evidence that irradiation has any effect on the survival of the offspring.

Death-rate from pneumococcal infection among the young. The figures will be
found in Table IV, and they show that the percentage of deaths from pneumo-
coccal infection in the young in the first 4 weeks of life is higher among the
irradiated than among the control animals, except in one group (“replace-
ments dead during experiment”). Dr McKinlay comments that each of these
three differences is more than three times the probable error involved, and
must be regarded as significant. In the remaining group, in which the irradiated
animals show the more favourable experience, the difference is less than the
probable error involved and cannot therefore be regarded as substantial

(Table VIII).

Table VIII. Showing the probable errors for differences in the death-rate of
the young from the guinea-pig prneumococcus, as set forth in Table IV.

Pneumococcal mortality differences.

Survivors of initial stock - 49413
Initial stock dead during experlment - 62114
Survivors of replacements ... - 203+ 1-5
Replacements dead during experlment + 09+ 17

+ indicates difference in favour of irradiated animals.
— indicates difference in favour of control animals.

Weight at birih in the irradiated and control groups. Table IX compares the
average weight of guinea-pigs at birth in relation to (1) the size of the litters and
(2) the irradiation or non-irradiation of the mother. The figures show that, in
accordance with expectation, as the size of the litter increases the average

Table IX. Comparing the average weight of quinea-pigs at birth in relation to
(1) the size of the litter, and (2) the irradiation or non-irradiation of the mother.

Litters of sows sur-  Litters of sows sur- Litters of sows dead Litters of sows dead

viving experiment:  viving experiment: during experiment: during experiment:
Irradiated Control Irradiated Control

(o A~ N A N A N A A

Average Average Average Average

No. of weight per No. of weight per No. of weight per No. of weight per
No. in litters guinea-pig litters guinea-pig litters guinea-pig litters guinea-pig
litter weighed  (grm.) weighed  (grm.) weighed  (grm.) weighed (grm.)

1 4 111-0 5 127-0 3 120-0 4 1150
2 17 114-0 17 109-0 14 104-4 30 103-0
3 43 95-4 52 926 52 91-0 42 94-0
4 26 83-2 24 87-6 40 80-0 28 83-0
5 9 717 9 80-8 14 71-6 6 77-2
6 3 725 1 70-0 1 55-8 2 66-6

102 91-3 108 94-7 124 87-1 112 89-8
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weight decreases; and further, that treatment of the mother with ultraviolet
light has no apparent influence upon the nutrition of the foetus.

CONCLUSION.

The experiment furnishes no evidence that irradiation of a breeding stock
of guinea-pigs with ultraviolet light from a mercury vapour lamp exerts any
favourable influence upon (1) the general mortality, the susceptibility to a
spontaneous pneumococcal infection, and the fertility of the adult animals;
and (2) the survival-rate of the young in the early weeks of life, their nutrition
tn utero as indicated by the weight at birth, and their susceptibility to the
pneumococcal infection.

In view of this conclusion the two sets of observations may be regarded as
homogeneous material. They represent as a whole a biometrical analysis of
a breeding stock of guinea-pigs, the only one apparently that has hitherto
appeared. .

I wish to thank Dr P. L. McKinlay for his help, not only in estimating the
statistical significance of the results, but in furnishing references to experiments
of a similar kind; these are given below!. My thanks, too, are due to my
colleague, Dr W. T. J. Morgan, and to Mr F. K. Fox, for valuable assistance in
the laborious work of reducing the data to tabular form.
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