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Bee Infection Cured by Heat
By L. F. White, M. D., Ph. D.

TO reduce the losses due to  bee dis­
eases beekeepers have often  em­
ployed heat in one form or an ­

other. The d irect flam e has been used 
in  scorching or burning the inside of 
h ives th a t have housed infected col­
onies. B efore being fed back to bees 
honey is often  heated for the purpose 
of destroying the germ s of bee dis 
eases, should any be present. H eat is 
used in the rendering of wax and in 
th e  making of comb foundation. I t  is 
n a tu ra l and very  appropriate, there­
fo re  th a t beekeepers should inquire 
about the amount of heating  th a t is 
necessary to  destroy the germs th a t 
produce diseases among bees.

As no work had been done to de te r­
mine the fac ts relative to th is question 
w ith  any degree of accuracy, the w ri­
te r  has perform ed during tho last two 
years a num ber of experim ents for the 
purpose of ascertain ing them. I t  may 
be  of in terest to  beekeepers to know 
in  a goneral way how these experim ents 
were made. An aqueous suspension of 
la rvae  sick or dead of the disease is 
made and placed in a small glass tube. 
T his tube is immersed in w ater of the 
tem pera tu re  desired in tho heating. 
A fte r the germ -containing m aterial is 
heated  in this way it must be tested 
to  determ ine w hether or not the germs 
h av e  been destroyed. In the case of 
American foul brood th is can be done 
by inoculating a suitablo artific ia l 
medium w ith the heated m aterial and 
observing the presence or absence o f  
grow th of bacillus larvae, the germ of 
th is  disease.

Testing for Disease.
As there is no a rtific ia l medium 

now known suitable for cu ltiva ting  
tho  infecting agent of e ither Euro­
pean foul brood, sacbrood, or Nosema 
disease, healthy colonies of bees must 
bo inoculated in making the test in 

ease of these diseases. This is done by 
feed ing  the bees the heated germ-con­
ta in in g  m aterial in sirup. I f  the d is­
ease is produced by th is feeding, 
na tu ra lly  th infecting agent has not 
been destro y 'd  by it. By repeated ex 
perim ents of th is kind in which the 
lem pera tu re  used in tho  heating is 
varied , th e  minimum tem perature a t 
■which any virus is killed can be de­
term ined. T hirteen experim ents for 
European foul brood, tw enty  two for 
aacbrood and tw enty  fo r Nosema dis­
ease have been made in which healthy  
colonies were inoculated w ith heated 
gprm containing m aterial from these 
th ree  diseases, respectively. In the last 
disease th e  stomachs from diseased 
bees furnished the germ containing 
m ateria l fo r heating and feeding. In 
these experim ents the tem perature  was 
m ain tained  for 10 m inutes as a rule.

N early a century  and a half ago the 
nam e “ foul b ro o d ”  w as used for a 
destructive brood disorder of bees, and 
fo r almost a century  la te r  it  was ap ­
paren tly  the custom to  diagnose as 
foul brood any destructive disease of 
brood. A bout ha lf a cen tury  ago bee 
keepers began to note th a t »11 of the 
brood diseases are not the same. They 
began, therefore, to  w rite  of d iffe ren t 
forms of foul brood. A t the present 
tim e it  is known th a t  there are a t 
least three infectious diseases of the 
brood of bees. All o f these diseases 
are more or less destructive, and i t  is 
qu ite  likely th a t each of them has now 
and then been diagnosed as foul 
brood. In  America these brood d is­
eases are now known as European foul 
brood, American foul brood and sac 
brood.

Foul Broods.
In  European foul brood death  oc­

curs early, the larvae dying usually be­
fore the tim e fa r  cell capping. There 
is no v iscid ity  (ropiness) to  the de­
caying larvae as a rule, and no pro­
nounced odor present.

Numerous samples of th is disease 
have been exam ine! from the U nited 
S tates, and some from Canada. I ts  
presence also . in England, Germany, 
Sw itzerland and Denm ark is strongly 
suggested by w ritten  reports from 
these countries. I t  is very probable 
th a t the disease has a much w ider 
geographical d istribu tion  than  these 
fac ts indicate.

Two years ago the fac t was demon­
strated  th a t the germ causing Euro 
pean foul brood is th e  microorganism 
to which the name bacillus pin ton is

tho evidence a t hand i t  seems most 
probable th a t the disorder encountered 
by Donhoff and the one encountered 
by Zander are one an !  the same dis 
ease.

Aside from rediscovering the diseaso, 
Zander has identified  the germ caus 
ing it as a protozoan (a  one-eelled ani 
mal parasite  and has given to it the 
name Nosema apis. For the disease he 
has used the name “ Nosema Seuche. ”  
This is an appropriate one, as it  sug 
gests somewhat the nature of the dis 
ease. The namo “ Nosema d isease ,”  
which the w riter suggests as the com 
nion name for th is disease, is, it  will 
be observed, only a transla tion  of the 
German name used by Zander.

The germ Nosema apis gains en ­
trance  to the body of the bee by way 
of the alim entary  canal. In  the walls 
of the stomach the growth and multi 
p lic a tio n 'o f the paraiste  tak e  place to 
an enormous ex ten t, causing the ab ­
normal appearance m anifested by the 
organ. When tho disease reaches an 
advanced stage the stomach is white 
and fragile and reveals upon a m icro­
scopic exam ination the presence of the 
parasite in very large numbers. In the 
spring of the year, especially, many 
weak colonies show upon exam ination 
a high percentage of Nosema infected 
bees, tju ite  often, indeed, in tho ex­
am inations th a t have been made of 
such colonies, 30 to 90 per eent of tho 
bees in sampl is taken from them were 
found to be infected  w ith the parasite. 
It is an in teresting  and im portant fact 
th a t a very largo number of colonies 
which are strong and apparently  doing 
well are found u|>on exainiiiation to 
contain a t least a small percentage of 
Nosema infected bees.

Summary.
Tho results of these experiments 

i.liow that when they are m aintained 
for 10 m inutes the •ninimiini tempera 
tures tha t can be used for destroying 
the germs of the four bee diseases now- 
known to be infectious are as follows:

(1) Tho minimum tem perature for 
European foul brood lies somewhere 
between 60* ('. (140* F.) and 65" G. 
(149* F .), being approxim ately 83* • 
(145.4* F .).

(2) The minimum tem perature for
American foul brood lies somewhere be 
tween 90* (194* F.) and 100* G.
(212*) F„ being probably less than 
98° <’. (208.4* F.).

(3) The minimum tem perature for 
sacbrood lies somewhere between 55* 
G. (111.31* F .) and 60* G. (140° F.), be 
ing approxim ately 58* G. (136.4* F.).

V

given. In  a paper announcing the fact 
it was s ta ted  th a t tho studies then 
made indicated  th a t the germ is easily 
killed by heat. This belief has been 
confirm ed by fu rth er experiments.

American foul brood is the disease 
of the brood of bees th a t is best known 
to beekeepers and is the one the pres­
ence of which they  have been able to 
recognize most easily. In  this disease 
the larvae usually die a f te r  the cells 
containing them  are capped. The dis­
ease is characterized  especially by the 
m arked v iscid ity  (ropiness) m anifest 
ed by the decaying larvae th a t are 
dead of the disease. The pronounced 
odor noticeable w ith in  hives housing 
colonies affec ted  by th is disease, espe­
cially  in its  la te r stages, is another 
well known characteristic .

U ntil seven years ago the cause of 
American foul brood was not known. 
A t th a t tim e the fac t was demon 
stra ted  positively th a t the germ caus 
ing the disease is the one to which the 
name bacillus larvae is given.

Tho fac ts obtained to date  are too 
meager to  ju s tify  any th ing  more than 
a general sta tem ent regarding the 
minimum am ount of heating th a t can 
be employed in rendering m aterial con­
ta in ing  the germ of American foul 
brood non-infectious. Taking rather 
wide limits, it may safely be said that 
the minimum tem perature  at which 
th is can be done, if  the tem perature is 
applied fo r 10 minutes, lies somewhere 
between 90 degrees C. (194 degrees F.) 
and 100 degrees G. (212 degrees F .b  
It seems quite probable, indeed, that 
a tem perature  less than  98 degrees t 
(208.4 degrees P .) will suffice if ap 
plied for 10 minutes. When 100 de 
grees C. was used the spores of baeeil 
Itis larvae were killed in less than five 
minutes.

Sacbrood.
O bservant beekeepers have for many 

years noted the prepence of dead brood 
which seemed to them to be d ifferen t 
from th a t dead of foul brood Some 
were inclined to believe th a t the dis 
ease was an infectious one; a larger 
num ber apparen tly  were disposed to 
ascribe the trouble to  such causes as 
an unsatisfactory  oueen. starvation , 
and the like. This brood disease has 
been recently dem onstrated to be an 
infectious one, and the name “ sac 
b rood”  hns been given to  it. Larvae 
th a t die of this disease do so almost in 
variab ly  a fte r  the tim e of cell cap 
ping. The most characteristic  symp 
tom of the disease is the saelike ap 
pearance of the dead larvae when they 
are removed from the cell. This fact 
suggested the name “ sacbrood”  for 
the disease.

More than  a year ago it  was again 
the w rite r ’s fortune to determ ine the 
cause of another brood disease. Un 
like the cause of e ither European foul 
brood or American foul brood, the in ­
fecting  agent causing sacbrood has not 
vet been seen. I t was dem onstrated, 
however, th a t the in fec ting  agent in 
th is  disease passes through the pores 
of earthenw are filters. For th is reason 
the cause of sacbrood is spoken of ns 
a filte rab le  virus.

In  a paper announcing th e  cause of 
sacbrood the statem ent is made tha t 
the germ causing the disease is de 
stroyed by a com paratively small 
am ount o f beat. This belief is con­
firm ed by the results of experiments.

V ery l i tt le  is known about the dis I 
eases of adult bees. Many names have 
been used for the purpose of desig 
ra t in g  them , bu t the num ber of such 
diseases is probably small. There is 
only one adult disease th a t can be 
diagnosed a t present by laboratory 
methods. This one is the Nosema d is­
ease.

Nosema Disease
F if ty  seven years ago Dr. Diinhotf 

made a more or less b rie f study of a | 
disease of adult bees in Germany. He 
observed th a t the stomach was the 
organ th a t was prim arily  affected . By 
feeding to healthy colonies in sirup the 
crushed stom achs from affected  bees 
D onhoff dem onstrated th a t the disease 
could be transm itted  to healthy colo­
nies. I t  was therefore infectious.

The work of Dbnboff had been prsc 
tically  forgotten, apparently , when 
Zander, of Erlangen, Germany, five 
years ago observed the proses«« of a 
li sc ass among tho adu lt bees. From

(4) The minimum tem perature for 
Noaema disease lies between 55* C. 
(131* F.) and 00* C. (140* F .), bo- 
ing approxim ately 57* C. (134.G* F .).

I t will be noted, therefore, th a t 63* 
C. (145.4* F .) for European foul brood, 
98* C. 208.4* F.) for American fonl 
brood. 58* C. 136.4’ F .) for sacbrood 
and 57* C. 134.6* F .) for Nosema dis- 
ease are the approximate minimum 
tem peratures a t which the germs of 
these diseases, respetcivelv, are de­
stroyed. Since there are varying fac­
tors in experim ents of this nature tha t 
tend to produce slight variations in re­
sults, these tem peratures are referred 
to as being approximate. It is probable 
th a t fu ture experim ents may cause 
slight changes to be made in these con­
clusions. Nothing more than a com­
paratively  slight variation is to be ex­
pected, however. Tn practice the bee- 
keej>er, in destroying these germs by 
heating, will naturally  use a quantity  
of heat somewhat in exeess of the 
minimum amount th a t is absolutely 
uecessary.

Homo generalizations may now bs 
made which will be of interest to the 
beekeeper. The melting point of bees­
wax is between 62* C. (143.6* F .) and 
64* C. (147.2® F.), inclusive. I t  will 
bo observed th a t this same tem pera­
ture in 10 minutes will destroy the 
germ causing European foul brood, and 
tha t it is about 10* F. above th a t which 
will destroy the germs of sacbrood 
and Nosema disease. A fu rther in ter­
esting generalization may be made con­
cerning the heating of honey. Honey 
when heated to 160® F. reaches a tem ­
perature 15° F. above the tem perature 
necessary to destroy the germ of Euro­
pean foul brood and about 25® F. above 
the tem perature th a t will destroy the 
infecting agents of sacbrood and 
Nosema disease. The infecting  agent« 
of these three diseases of the bee, 
therefore, will be destroyed when the 
tem perature of 160* F. is used in the 
commercial handling of honey. F inally, 
it is believed that, the results of this 
work, on the therm al death point of 
the viruses of the bee diseases will be 
directly applicable to the control of 
these diseases.
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