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$H#$ff{BHE#'(iffffitrg
BY H' L' A' TARR' Ph'D'

Ar the Dresent time much confusion exists in the litgrature dealing

;,l'til"rJ; ;i;;; oi the bee, and although much valuable work has

#;;;;; there is yet a prqrling need for advancement rn our

[i*tiii.'-rr"*i.age 'of ti'is'subiecT I recogDize- that' tt 'l:-?l^it
iil.i.i'"t"ii,* lli-lited experiehce in this fietd of investlgatron'

i':ii';t';;;-;r-, iuttv quitiri"a to criticise the Published PaPers

i"r"ti"g ,,i it it irujeci, aid I must therefore ask you to accePt what

ir,ln i't 
" 

*r,or", a 'non-critical survey of this field

Amcrican Foul Brood

Whiie (19O6, 1907, I920a) iirst succeeded in isolating-the causative

flt,'*ilffi l-[f*f+rffi mi+,ittffi
France. Borchert (1930) rn t'erml1y,-ioir't't"a 11918a1 in Canada

ile'ai.i;;;;;;d tt,ilton (le33i in Ensland' and a sood manv

other investigato,, htu" "ttt"pl#'- 
*itt'"out muqh 1qserye' the

iinai,gt or thi American i'"":'l9ll?;;,r,," 
"f 

B. raruae is its.inabilitv
PerhaPs the most stnklng cn

to srow upon the mo," 
"ot*on-u-'iiitilioglc"t 

t"tt"e.m$]"'-'19 t'
;.:';Hfi;Jly-.t'ii t""t which caused such confusion among

earlier workers *no ,tte-pt.o 
'iJiroi"t" org"nir*r responsible. for

i?'.J ajt""*.. iuct *o,t''"tt as wtrite (Is2-oa)' sturtevant (1924)'

il,liltitTdze;' 1-earJ 'na 
io"'n""oii (rs5ou) have described

il"iiit "p"ti 
*r,i.i-l this organism will Srow with comParahve.ease'

The spores of B. taruoe xe remiik"b-ly 

""titttnt 
tg }9t!ltji:llhi'h

-"i."iliili*i".tion from the apiary a rather dilhcdt matrer'
"''Hi.*tii ii"tl"".nt (1932) has 

-shown. that a. relatively large

i"i,i^i'i.""irr.-"i'th" .pittt 6l B' to-o" is required to initiate a

ffii;?;i;iili;; . 
"ofo"v 

oi b""' ' he has estirirated that at least

$'iliil#'il;;; j*;"-:::"1*.:l:m,ffi 
,}il"j#Jj jttT;

colonv. and that each larvae re(

;rui#; i.i"i to-a","rop tiu aitit*' . 
His. result; tend.to-show

;iid;ffi" ;iin v i" piou"ulv i'oi" ttt'itt't source of infection

in American foul brood.
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It is well known that American foul brood does not usually
develop until the larva have been sealed, and Sturtevant (lg )
attributed this fact to the inability ol B. lantee to multiplv in the
presence of much sugar. He found that concentrations of glucose in
the neighbourhood of 5 per cent. completely inhibited multiplication
of both spores and vegetative ceIs of this organisrn. Lower concen-
trations of glucose also caused partial inhibition of growth.

The comparatively recent experiments conducted by Toumanoff
(1929) are of interest in connection with American foul brood, for he
is apparently the only investigator who has questioned the patho-
genicity of B. lanae. In his experiments he employed aqueous
suspensions prepared from young cultures oI Iive different strains o{
this organism, and fed small amounts to healthy larvae. Of 302
inoculated larvae, I70 were removed by the bees, while the I32
remaining underwent metamorphosis in the normal manner and
developed into healthy adult bees. He found that the bees removed
some of the larvae when ordinary saline was fed as control in place
oI the bacterial suspension. He used bothv etative cells and qrcres.
He assumed from his results that it is by no means always easy to
infect brood with B. l,anae, and suggests that his results n.lay be
explained by an attenuation in virulence of the organism resulting
from cultivation on artificial media. In the light of Sturtevant's work
it is possible that Toumanoff's results may be explained by the fact
that the number of organisms fed was iasufrcient to cause disease.
There is room for firrther work along these lines.

Europear Foul Brood,

While American foul brood appears at present to be a relatively
welldefined disease, European foul brood is a disease the etiology
of which is still in doubt. It rs now practicaUy certain that the brood
disease attributed to Bacill,us alaei by Cheshire and Cheyne (1885) is
identical with that which was christened European foul brood by
PhilUps (f906), aud which was studied in detail by White (1912,
f920b). \\hite believed that the disease was caused by a lanceolate-
shaped, non spore-forming organism, which occurred in large numbers
in ireshly infected brood, and which would not trow on any of the
culture media which he tried. He named the orgarism Bacill.us
Plulon. He ass\med that this organism was responsible for producing
European loul brood because, when fed in sugar syrup or honey to
healthy lawae, typical disease resulted, and because none oI the
readily-isolable so-called " secondarv invaders " (Streptococcus at'is,
B. aluei, B. orph.eus and Bacteriun eurydice) prodtced disease when
inoculated into experimental colonies. Although many investigators
accept White's work, the fact that he was unable to isol?.te B. Plutt'rt
leaves his conclusion rather open to criticism, and in certain quarters
his thesis has not gone unchallenged.

Il 1927 Wha rton published what appea-rs tp have been a premature
statement on the etiology of European Foul Brood. He claimed to
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i:-ifr ffi*1xlrT*#il$tf;i:ffiffiunauthorized and Premature sral

il#;;iil;";t"f,- ihe "*i't"nt" 
oI stre?tococcus a21s 1s. 3 1P9ft!'

eisili"iiom-6.'itil*' s" also poinGd out (le28c) that rt rs

;$i; il;f B-. ai,e i dissociat.e','*:1.? 
4'#,1l"i"t;l li i'ii5;I

lsserted that this change actuall:
vet the identitv of the coccoid iorii'J- a' i"t; with the coccoids

ffi 'H;"ifi:;'t"i,r'_uiJ"ir'.1,'!g*,{1,:X.,;.,*,:n';:'u'fgn,f :

$"T#f itrlTi""',,:''iI.m.*;'i:i:'L#tix'*'x,r"':l
ffiJiffi ;E;ffi; t'i," p"it'og"""itv of this {orm ot B' atvct"'

In connection \ ith the controversy on European.Ioul brood it

."#: ;;p""';; ln.i,a" tn" i:f +t*,'A;f1."1'[ffi, EH,*; i"t. io"i brood." Bumside t
*A-Cr^.t.ia", fsSB) have recently describbd this aPparently,new

brood disease, the symPtoms and'course o{ which -appar 
to dyer '

;:;-,;;:;'.-;nfi 
-"'*p"'i"n"J ii-'ti,"'i""n and European io,l

il;h";;;ii",.. tiecarise or :li"*m:Ull,;i"fr##;'U,l:B. a.hei lhe 
^'fthors 

have chosen

;.#;;";hil ;;;v 'il; is responsible for the- disease' Ihese

li,Effi 
.''.i;-il;-*Lt"ru 

or *i'qi'gi"i,,?;nll":u#l:i"'ii% ilr{
that he actually demonstrated
:';i"';; ;J.';/,r''. iio*"u"', it tt'"ii tr"iti tt'"t this has"been verified

ii H""w;;hilil i"uoi"to'y it'ttt'e. it-*'v u" that the Problem of

what is the infecting agent t" A'^toi"'f-"-tlf urood has bien solved'

It is to be hoPed that 
" 

to-pt"ninll"Jtti"t'titit t"po't o( their work

will aDDear in the near , u,"t",' 
"na- 

ii'"i it *itt ttititv some of the

#r,;i'";tf,*il in our knowledge of this disease'

Sacbrood

rhis disease, which is 1PParre1flJ,,1n;;",trtgli;\t: i6$f"i1:
was discovered and studied tht
ii:JJH;;;*"'ii *l,'t 

-'p-rif 
i'" ii' u" ' ul'v characteristic

aDDearance. The most irnpo"ilI aittit'g"ishing teature ,fto:. 
th"

biiteriological standPoint it tr,rJ'""it"' "i "t-osi 
entire' absence of

ffii;;i;i":;'il i,, 
'it'. 

inr"tt"d'ttrvae This disease', accordin-g to

ilfflii".-rt ar" ,l-,n. activity of a filtrable virus capable oI' passrng

ilil,iriiilpo",;' "i e"'kkaa and Pasteur-Chamberland rlrters'

fr"-i3.o.itv ,jf tn" Iilters employed in his work is not stated APP€r-

.".1flni'filir;; puiticatioir 6n this disease has aPPeared srnce

White's orishal communlcatioisl ii'o"gh 
-t"tt"i" qq;i"* ii-".""i

;llil ;"i;;65;"b'ooJ"s t weu-detinea=disease in their Publlcatrons'
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Rarer Infections of thc Brood
In l92l Sturtevant found that American and European Ioul

brood occasionally occurred simultaneously, but such outbieaks were
extr€mely exceptional. Borchert (1934J claimed, that Bacillus
ort'heus, an organism considered by White (l920b) to be a non-
pathogenic secondary ilvader in Europear foul brood, can inlect
the brood of bees- The resr:lts obtained by Borchert do not appear
to be very striking, since the relative airounts of infected 6iood
obtained in his experiments was very small. At present it aDpears
as if this type of infection is more of academic ^than of priitical
importance.

Toumanoff (f927) has described a brood disease which appears
to diffe_r from any previously described. From combs containing
rylurdly infected larvae he isolated four different organisms;
Colibqcillus paradorus, Bac,ill,us agilis laruae, Miuococcis luteus
liquefaciers var larzae and an unidentified species of Torqla. He de-
scribes the cultural and molphological aharacteristics of these
organisms in some detall, but makes no attempt to explain which o{
these organisnns is the primary infecting agent.
. 

-The most recerrt work dealing with fungus diseases oI bee larvae
is that of Br{nside (1930), though his worliis chiefly concemed with
diseases of adu.lt bees. He found that the moulds of the Aspergillus-
oryzae group are largely responsible for fungus diseases of the brood,
4. flaaus behg lhe most common infecting agent. Pericystis afis and
P. ahei have, according to Burnside, never been repoited in North
America.

The Immwr Reacl.ians of Laruae
Borchert (192,4, 1930) claims to have demonstrated complement-

fiing antibodies in extracts of the larvae and scales from foirl brood
combs, but he failed to find agglutinins or precipitins for B. laraae or
B. ahtei h such extracts. He was able to demonstrate a complete
sero_logical diflerencg between these t\r'o organi$ns.

Metalnikoll and Toumanoff (1930) and Toumanoff (Ig30a),
showed that two t5ryes of blood cells are present in larvae, namely
proleucocytes and leucocytes, the lorm-of which thev describe
in detail. In normal larval blood E5 Ixr cent. of thi cells are
proleucocytes and 15 per cent. are leucocytes. In certain experi-
m€nts they iajected number oI 3 to s-day-old tarvae with l/laoth
o{ a cc. of a thick suslrension oI a human strain al Stalhylococcus
The injection was made at the caudal end of the larvii directlv
into the blood. They observed a considerable decrease in thi
number o{ proleucocytes and a simultaneous rise in the number
of leucocytes, accompanied bv a pronounced Dhaeocvtosis bv
the last-narned cells. 

- At the- end of twenty-foL h"ouis all th'e
inoculated larvae had died oI septicaemia, and"blood cat wire no
tonger d€monskable. In a sutrsiquent ex'priment the larvae wore
immunized with a heat-killed culfure of ti.re sa.me strain of Slaphy
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lococcls twentv-four hours before the iniection of virulent-cocci' In
this exDerime;It alter 24 hours ninety-nine Per cent' ol the total
btood cLls were leucocytes, and all free bacteria had varished from
ifrelarval Ulood. The larvae survived two days after this exPeriment
It appears as if phaSocytes are imPortant in determrnrnt lmmunlty
in tli6se simple forms of life."' ii-i"-"oi-""t from the foregoing remarks that our scientilic
knowled-ee'of loul brood and other brood diseases of the bee is by

"o 
*""ni in a satisfactorv state, and this is especially true of Europ

ean foul brood. In the case oJ this disease the controversy as to
*-ft"i ir tir" i"i""tins bacterium must be settled. There is also the

ouestion of bacteriai diseases of the brood which are of rarer occur-

i.*" t"a of ascertaining whether they are of much placlica! i1-
Dortance and what the in{ecting organisms are ln Lnghnq tni
rlistribution o{ the dilterent types ol foul brood must be determrned-

n*i". -ote ett""tive measuie! of scientific control of the spread of

io'J-iliooJi"r""tion are badly needed. It is hoped that some oI

these problems may be solved at this Station'
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Note added Augusl 201h, 1934. Since this paper was read,
Burnside (J. Econ. Entomol., 27,656, IS34) has published the
results oI his investigations on European foul brood. In his paper
he states that there is, in atl probability, no such organiJm- as
Bacillus ,lul,on, and that it is merely Sbeltocaccus abis. He
describes- experiments in which he su"cceede'd ia prod.Jcing foul
brood with bolh Sheflococcus alis arrd Batillus aloei. He also
believes that European foul brood is caused by a pteomorphic
organism which may assume the form of S. afis or B. aluei,bti tllle
evidence which he presents in support of this hypothesis is rather
inadequate.

https://creativecommons.org/licenses/by/4.0/

