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CONTROL OF AMERICAN FOI'L
BROOD IN T}IE UNITED STATES

BY Jas. I. HeMsrrroN' B'S'

(Principal ADiculturist, Bureau of Entomology 9q. nTt
'Quarantine, United States Department o' Atrlcurture)'

DuRrNc the time that Dr. G. F. White, oI the Bureau of En-tomology

u.s. DeDartment of agriculture, ;il;ili'g;G th" blood ri'G'

;; ;i"#,';b;tiiio?, " 
.u'u", *"s beingcdnducled to determine

ffitilffi;il;; e.mlii"", foui brood in ihe beekeepin-s localities

;?H;ii;itJ5t"to. ii .-" became evident that the disease was

;;';; ;;;. l;."iir"o urt widespread throughout. the. country'

E'efore this time some of the States had begun to realrze tne senous

i*orar in^t American {oul brood was making'^;J";.1" ;. 1877 San Bernardino County, California' PfTd..a
to-di."a.d tr*, and 6 years Iater a State law was enactec tn uau-

r?r"i"._ii t irit"i"tting to note that the State law specilied that

;ffi;;;i#; ;t:uined. Tle state o{ Michisan lnssed a bee-

;ffi:;;;isdlwide applicatlon in l8!I. whiih atso rye11ifa
tft" U"*in* of in{ected colonies' In 1897 Wisconsrn apPornteo rtre

;::r'fr;i;.il;;inio""to.. N. E. France, witb headquarters in tbe
-si.i" 

C"pit,it. 6thei State. {ollowed suit by enactmg specrat laws.*:l*#ilii;i"pi',v-ln'potot', 
and to:dav practicallv. evrlv

State his a b&-di.eaie law or some administrative organrzatron

""a"t 
*t iat U"" i"spection is carried on'-'Ho".J",ry ilfiioii aia tn"it u"tt' uPon receipt of a call from

. b*;;;;;;; gtols diagnosis would be m;de in the apiary.and in'
crni.ti^ns left as to how to treat. Burning had already Leen-{rowned

i,L;'Ti.il;;.;;'"na'-*"tt"tt'l' in to*" t"to' where the

i'il#i.'t i"rt *"ri,irlned, he would tend a hand in the-unPleasant

i'i".fii",t*ii."* .i'ioni"t riv trte so+tlted shaking melhod' th:,n:I'
i-"'i r'" *-,ia"r. re.oonding to a call in some other part ot rne

Eii ;:' fiffi;rc;' ,'rt" I.tpt"i"i *"ua cover a sreat manv miles or

territorv during a season, tn" i'""k""p"".*io fietitea,,!1tis
"itiit-J"." 

i"tii" if icantly lew His activities neverthetess rr u€{ an

"d;ti"r;;fi;;J;-.r,a 
ti,o" every beekeeper was on the look-out

for disease.'"'r"nl[" iielr, of present knowledge it can be seen that from the

""#iiiil"'l?,i:,i"!i'"Hng 
tt"til-it was unsatisfactory' Reduced

3t
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:12 DISEASES OF BEES

to its greatest simplicitt,, the method consisted meretv in shakinp
the bees from an iirfectid colony into . 

"f"." fri* ln'"t 
"ort.i"*"Eframes having one-inch foundaiion starters. If there was little

brood in.the infected colony, combs and small amounts o{ honey
were melted. Hives that contained much honey were usually
salvaged. If many colonies in an apiar5z were irfected, the brooil
combs were stacked on a queen-right bit disea-sed colonv and the
brood was allowed to emeige, whJn this colonv in tum "would 

be
lreaied, thu. savirg bees, wax, and honey. So<itted improvements
in this method came into use. Beekeepers establ ished'wbat were
known as hospital yards, which were usuilty.emoved some diitance
from the reguJar apiaries, All diseased brood rvas allowed 1o emerge
rn the hospital yard. Other variations in the shakine treatmeit
and in rhe mer hods of disposing of diseased material weriadvocaled.
One unique melhod was to place an infected colony in a tan_k,
replace the cover rvith a clean hive, and drive the bees into it bv
slowly- filling tte tark with water. The rheory was that the bd
could be translerred with practicauy no disturbance and thus carrvtrttle conlaminated honey into lhe clean hive, Various olbe"r
contraptions and methods vr'ere used for trarsferring the bees from
contaminated to clean hives. The shaking treatme"nt, howeyer. in
some form or other continued to be used-and ihe practice finally
became rvell standardized.

In 1916 the State of Wisconsin again took the lead in the control
of American foul brood. In full reco!:rition of the contagious nature
o{ the di.ease, and also of the inefiiiency of a svstem ihereUv orre
inspector examined only the apiaries from whicti ,"ouoti t ra'*."
received. the area clean-up method was invoked, in which the
State incpector wilh several assistants examined all the bees in a
given locality, whether or not thev were suspected of beine diseased.
Under this plan lhe sarne area would be re-inspected the seiond ver.
and while. owing to limited funds, some portio'ns had to b" ".ni"itJthe inspectors made a conscientiou. eifort to do a thororieh iob
wherever rhey went. The State of Texas also earlv adootid ihis
system and organized a highly efficient State inrpeciion srjrvice-
- Mo-st of the leading beekeeping States now folt'ow some modifica_

tron oI the area clean-up plan. usually organized on a countv basis-ln several Stales the counties make definire aporopriatiLns for
American {oul brood control, and such firnds ur" niit"fi"J iri:".""i.
trom.the State. The responsibility for control is thus place[ to a
certarn exlent upon the beekeepers oI a count\.. A number of tbe
large Statej expend as much as 92j,000 to $3O.OOO annuallv for
the control o{ American foul brood_

The_ next phase in the control of this disease consisted in the
strengrhening of statutes relating to inspection *ork, ana se"erJ
States wrote into their laws the prohibitjon of entry o{ bees on combs-
In other nords, only package bees could enter a Siate. Other Statespermitted the entry of bees on combs provided they were accom_
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Bnied bv a certilicate issued bv a responsible State omcial stating
ihat the "aoiarv from which th6v came was free of disease. Some

States reeilate the movement oi bees *ithin their own boundaries,
making iI necessary, Ior example, for a beekeePer wishing to move
coloni& to an out-apiary to rec6ive a permit from the StateinsPector.
In some Dlaces the s'ate 

-of 
ued Ueekeeping equiPment is onlv allowed

rrrnn its'being accompanied bv a certificate showing freedom from
disease. Witfr .e"p..i to thesi provisions there is no uniformity in
the laws of the v:arious States. Some are very strict and some

lenient. Some Stares have strict apiary [aws, but aPProPriale no

funds for enforcement ; consequently, the beekeepers r-eceive little
or no State aid. They fight thair own battles as best they can artd
blame their neighborirs Ior maintaining nuisances in the way of
sources of infection.

In the aoolication ol area clea-n-up methods where the shaking
t.""J*"rt oi'some variation of it waithe sole method of control or

"."aiotion, 
State apiary officials found they were makint little

headwav and. in spite of i,igorous efforts, the disease would reap-Pear

""", Iri it"rt in'which iontrol measures had been applied for
ie""iti .*."""ti"" years. It was evident that better methods of

"inii.i 
*"." n"""tta-,y, and thus was reborn tbe application of fire

to diseased colonies.

The tenaciousness with x'hich beekeepers treasure old combs is

well krown. Even combs composed mostly of drone cells are

discarded with Ereat reluctance, and to melt welldrawn-out combs
;i;;k"; 

""llr. 
"ottlv a few of which are diseased, or which haw

Uu"n *J ontv in tire supers of a diseased colony, requires, almost
suoerhuman iitt power. In 1922 Dr. J. C. Hutzelman, ol Glendale'
Oliio. came to tbe rescue of such beekeepers. Dr' Hutzelman, who

was a oractising phvsician, had had some training in bacteriology;
..-."o'r"t tl.r. ilieri he advocated the use oI a solution containing
iii ,"i ."tt] i"t^"lin and 80 per cent. alcohol for disinfecting fottl
;;;d ;"*b., the beekeeping fraternity immediately took- notic€'
This happenid durine th6 diys of national Prohibition,-when- the
arreraee'iitizen could not buy grain alcohol'to be used ln maLrnt
il';i; 

-;hii.r. 
Also th6 ilutzelman solution was patented''Si.ri*.f tf,".""Lss oiformalin-alcohol for saving combs appeared

in the bee oress. and soon manY experimenters were trylng other
concoctions'. the principal one beirg I part formalin to 4 Parts
weler- The Univirsitr'-of California and the Department of '{8n-

"Jl*" Gt"a both tire formalin-alcohol and the Iormalin-water
roi"ilo"t -a found that it was possible to sterilize combs *ith
eiiher. providea the utmost care was taken in the Preparation of
the co;bs for treatment and in the subsequent handlng ot tne

combs-

The use oI dishfectant solutions cautht the fancy o-f b€ekeeper.s'

and manv practical experimenters also entered the field of researcb'

s";;;.[irdJ ihai, if formalin-water and formalin-alcohol
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mixtu.res were satisfactory, pure Iormaldehyde in vapour form
would be better. Large metal-lined fumigatine rooris holdinp
thousands of combs were constructed. To do a tlioroueh iob somi
beekeepers shook not only diseased but healthy c6loiies and
subjected all combs to the gas ; rhey thus started agiin the following
year with a.ll their equipment thoroughly sterilized. packaee beei
from lhe South were placed on this clean equipment. Ho'wever,
these beekeepels failed to take into account ihe poisonous nature
of formaldehyde, and the fact that, when combs-containing filrn-s
o{ }ro_ney are exposed to Iormaldehyde gas the honey absor6s it in
lethal amounts- Even though well-aired combs may give no odour
of formaldehyde. the honey continues to hold the Liiter chemical-
Naturally, bees placed on such combs died, and manv losses wer€
incurred through the use of formaldehyde ,rapour. in usins the
water-formalin solution this lrouble wai not encouatered, sinii: the
water in the solution usually dissolved any remaiaing honey.

The next solution to be advocated was chlorine. This chernical
was allowed to bubble through tanks of water in which combs were
immersed. Although chlorine ca-n be had onlv in metal cvlinders
and is an extremely dangerous gas to handte, nevertheless bejkeeoeru
tried it and successes were reported with this, as with all oiher
solutions and metlods that have been mentioned_

The use oI disinfectants, however, met with indif{erent success
in the ha-nds oI beekeepers, for it failed to check the disease to the
satisfaction of State oficials from the standpoint oI usirs public
funds in the most efficient manner. It merely gave them;;dded
reason for resorting to the buming of infected colonies,

ffien burning was first advocated, the tree ioumals were fult of
articles pro and con, mostly con. It was piciured as a wanton.
urethical method of dealing with tbe disease; tbe shakins treat-
ment h,ad been used for years and was as good as when first ad-
vocated. Nevertheless, some of the bravei State apiary officials
Ielt that nothing less than burning should be employid- 

- 
To enter

a person's premises and, destroy his property by fire, however,
was another matler, and in many cases, instead of the kindlv
welcome of a beekeeper, the inspectors found themselves face t6
face with an armed antagonist.

The State of Califomia finally won support of enough beekeepers
to amend its statute in such a manner asiir specify tha"t all diseised
colonies should be burned. The matter wai carried to the courts,
and aJter a bitter struggle the practice was upheld as being constitui
tional-

Th-e buming treatment usually consists in killing the bees with
cyanide and burning all bees, combs, frames artd ho"nev in a oit at
least l8 inches deep. This pit is alterwards filled in. ;d the'hive.
including the bottom board, brood chambers, supers and inner and
outer covers, is sterilized by thoroughly scrapirg and washins with
lye or strong soap or bv scorching with a gasoline torch.
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Most progressive beekeepers in tte United States are now in
favour of buming. Many would not resort to the old shaking
treatment or the use oI disiafectants. As a matter of fact, a bee-
keeper can use any method he sees fit. It is only the colonies found
infti:ted at the tiine of the inspector's visit th;t must be burned.
It is not uncommon to find apiaries that have had an intermittent
history oI disease for as tong a- 50 years, tleir first complete freedo"l
not coming untit 3 or 4 ),ears after application of tbe safe and
economical method of burning and buryhg.

At this point it is well to 8o back and draw a parallel with
respect to developments that have taken place in scientific research
on 

-American foul brood. The participation of the Federal Govem-
ment with resDect to this disease has been confhed to researcb.
After Dr. White had worked out the life history of tlre causative
organism and had given it the name Bacillus lamac, progress was
slo:w and little wa-s added to our knowledge of the disease until
Dr. A. P. Sturtevant reported the results of his work dealing with
tie develooment of the disease in relation to the metabolism of
B. lanae-'This research explained why the gross syTnptoms of the
disease were so uniform; the organism simply would not grolv in
a medium of high sugar concentration. This in turn explained
whv larvae of ffuindage seldom fell victims to the disease; it
was not until after th; feeding period and the beginning of quies-
cence that the sugar content of the 8ut felt low enough to enable
the spores of B. lanac to germinate. The organism then dil its work
ouiclilv. As a result, in American foul brood the diagnojlic features
a.e exiremely regular, in great contrast to the s)'mPtoms encountered
in European foul brood.

Just previous to the publication oI these results, Dr. Hutzelman
ann-ounc6d to the beek&ping world the success of the formalil-
alcohol method for disinfecti-ng combs. Out of the tests that the
Deoartment oI Aericulture and some of the State universities made
of ihe Hutzetman"and various other solutions came the recommenda-
tion for the use of formalin-water solution for disinfecting combs,
and this mixture was found to be fully as efficacious as formelin-
alcohol, if not more so. A great many beekeepers used both solutions,
and manv samDles of treated combs u'ere submitted to the Dcpart-
mcnt of ".A.gricutture for sterility tests. Judging Irom. these, the
rerults weri fairly satislaclory; yet in apiaries in which disease

seemed to be carefutly handled, American foul brood continued to
recur. In fact, the general failure of these disinfectants in the hands
of beekeepers helpe."d to encourage the adoption of the more drastic
method, namely, that of burning.

One of the State experiment stations, after some Preliminary
research, recommended ihe use of chlorine. Again manv treated
comb:; were sent to the DePartment of Agriculture for sterility tests,
and at first Dracticallv all iamples appeared to be sterile. The odour
of chlorine,'however, clung t6nacio-uily to the treated combs. It
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was th€n suggestd that enough chlorine might be retained in the
treated scales of American foul brood to inhibit growrh while in
culture. WIen the treated scales were washed i;distilleal water
the spores germinated surprisingly well, whereas there was no growth
rn cultures from unwashed scales. Consequentlv all samoles that
were received for testing were washed, anil it was found.ihat the
same thing occurred with scales that had been treated with formalde-
hyde, though to a less extent ; that is, formaldehyde, even in small
doses, appeared to delav the germination peri;d of the spores.
Cases varied considerably, but, in some, germination would noi take
place for 30 days. Therefore, belore a definite diagnosis could be
made on anv treated sample, it was deemed adv"isable to keeD
cull ures in incubation for 30 days before pronouncing the sampli:
sterile

The placing, by some of the States, ol embargoes on the shiD_
ment of bees on combs suggested to other States ihe imoosition Lf
embargoes on honey, specifying that only honev accompanied bv
a certificate showing that it had been produied in disea_se-fr*
apiaries u'ould be allowed to enter. Whetf,er there was a modicum
of retaliation in advocating such action or whether it was iust
misguided faith, in view of the amount of American lod brtodin th€ United States, the time nas not rip€ to insist upon ihe
certification of honey. The Department of Aericulture Ioolied uoon
honey certification as inimical to the weliare of rhe indusirv-
m_e_irtaining tbat the marketing problems did not warrant th'ii
additional burden unless the ceitilication of honey did sene iis
avot'ed purpose, namely, constitute a worthwhile "diseare control
measure. Dr. A. P. Sturtevant was therefore assigaed rhe task of
ascertaining the part played by commercial shiomints of honev in
the dissemination of Anierican foul brood. Ai the outset it'was
conceivable that the spore content of honey from infected colonies
would vary considerat ll . The spore content of honev from the brood
chamber-would most likely be different from that produced in thesuFrs. Moreover, the honey from a lightlv infected colonv would
have a smaller spore content than that from a heavily infecied one.
I nese concepttons ln tum presented for answer the ouestion : WIat
constitutes the minimum infectious dose or inoculuir for American
foul brood ?

Dr. Sturtevart, wo,rkint at Laramie, Wyoming, where colonies
9an be completely isolated and where theri are io so_called wild
bees, fed healthy colonies diflerent numbers of spores susoended in
sugar- slrup. _Briefly, he found that the dividiirg line Jas in the
neighbourhood of 50 million s1rcres fed in a litei of sugar svrup.
for when a smaller number was used most oI the exi;mln+ii
colonies did not develop the disease and above that rioint mosi
colonies did develop t5rpical American foul brood. Various subse_qlent tests indicated that t-he minimum inlectious dose must be
close to this point.
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- The next step was to ascertain the sporc content of commercial
honeys. Samples of bottled honey were procured from shops and
groceries in the principal cities of the Unitad States. Filtration and
microscopical examiration o{ 212 samples showed the presence of
spores in 8 per cent.. or 17 samples. These 17 sample. ivere fed to
healtlty colonies and positive rlmerican foul brood developed in
only one. Other series of samples have been examined since, witb
similar results. It rvas fou-nd tbat the r6le of commercial honev ir
the spread of American foul brood had been grossly exaggeraied.

During the course of this work Dr. Sturtcvant also found that
llrg,nuTber of spores in culture affected rhe time of germination.
With a large inoculum the germination period was normal, but rvith
progressively smaller doses it would be delayed as much as 30 days.

I-aws requirhg the certilication ol honey still remain on {he
stalute books of certain States, but they are for the most part not
enforced. The day may come when the United States will 6e ready
to require honey certification as a clean-up measure, but we arb
yet too far from the goal to use such a measure.

Tbe possibility that there may be strains of honey bees that show
some degree of resistarce or immunity to American foul brood has
attracted many beekeepers. No doubt this is born of a great desire
to have a better weapon than chlorine. formaldehyde, or fire.
American foul brood is one of the most costlv items with which
beekeepers in the United Srales have to coniend. A beekeeper
operating an apiary in a locality where American foul brood exists,
scarcely dares to perform any colony manipulation without keeping
in mind the possiblily of finding the disease. Aulhentic cases have
been found in which colonies have cleaned up t}te disease, and in
the course of experimental work it is not uncommon to find colonies
that can be inoculated only rvith difficulty. There is also the
example of Italian bees being superior to black bees in ridding them-
selves of European foul brood. Consequently, there is some basis
for thinking, or hoping, that a disease-resistart strai! may be
found and perpetuated. The United States Department of Agri-
culture, in co-operation with several of the State agricultural
experiment stations, is outlining a series of exFriments to delve
into the matter, and a number of outstanding specialists have been
enlisted to help with the work. Not the least of these will be geneti-
cists, since breeding will be one of the important features of the
investigation. Whether or not a resistant strain is found, or a strain
possessilg physiological immunity or such chaxacteristics as will
enable it to maintain itsell free or partially free oI the disease,
makes little difference. Even if such ends are not attained, much
good is bound to come from these experiments, as the complete
story oI American {oul brood is yet to be told.
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