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INFECTIOUS DISEASES OF
THE HONEYBEE

BY

L. Benrv
Research at Rothamsted on infectious and other diseases of the

honeybee began in 1934, and was supported by a yearly grant o{
d250 for the first 3 years from the British Beekeepers Association and
an equal sum Irom the Agdcultural Research Council, together with
contributions from private individuals. The grants were primarily
for work on diseases of honeybee larvae-brood diseases-incidence
of which in England and \\/ales was causing concern. This review is
of the research done at Rothansted since then on infectious diseases
of honeybees, and of relevant work elsewhere. There are infections
of honeybees other than those mentioned below, but they are of less
significance or incidence in England and Wales, and consequently
have not been specially studied at Rothamsted. H. L. A. Tarr
betan the research: his work was mainly on the natural history oI
Bacillus larvae, established by White (1907) as the cause of American
foul brood disease (AFB), and on the etiology of European foul
brood disease (EFB).

American Jour brood, disease

Sturtevant (192a), finding that reducing sugars, particularly in
concentrations over 2 or 3o/o, inhibited germination of spores and
vegetative growth ir ritro ol Bacillus lantae, suggesled. that this is
why only sealed larvae, which har.e consumed all their food and the
sugar it contains, become diseased. Tarr (1938a), however, found
that spores germinated in a liquid medium of minced chicken embryo
v,,ith concentrations of reducing sugars up to 12.5%. Furthermore,
even small numbers of spores (100-140) sometimes would germinate
in his medium. Lochhead (1933) also found that a few spores
germinated below the surface of semi-solid media of entirely difierent
constitution to Tarr's, and it seems possible, therefore, that spores
germinate best in a critical, reduced-oxygen tension. Previously,
Sturtevant (1932) found only large inocula of spores germinated ,z
cilzo and thought that this may explain why small doses fail to cause
disease in bee colonies: a few larvae infected when 15 davs old died
in his experiments, but only when inoculated with massiie doses of
about 10 million spores each.

Tarr (1937a) showed that spores were necessary to infect larvae:
vegetative cells, even in massive doses, did not infect. Unlike
Sturtevant, however, he could not cause AFB by inocutating the
food oI ll 5-day-old larvae. He infected larvae more successfully by
spraying them with spores than by feeding their colonies spores in
slm:p, and he noted young larvae seemed more susceptible. Sub-
sequently Woodrow (1942) found one spore enough to cause disease
provided the infected larva was younger than 1 day old: larvae
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older than 2 days were immune. On this basis it is diftcult to ex-
plain why only sealed lan'ae die of disease, particularly as spores
germinate within 2.1 hours after entering the larval mid-gut (Wood-
row & Holst, 1942). Furthermore, the vegetative rods do not grow
much in unsealed lan'ae (Maassen, 1908), and may even diminish in
numbers shortly after larvae are sealed (Hobt, 19461. Bacillus
lantae may not grow much in the larval intestine, as this is probably
too anaerobic, or bacterial grorvth quickly makes it so (see EFB
section below), particularly perhaps in the most rapid growth phase
of the larva which starts on the 3rd day after hatching (Nelson,
1924). I-arvae may ultimately be killed during a critical phase of
pupation by the toxic enz,'mes that Patel & Gochnauer (1959) iound
in remains of larvae dead of AFB, and which may be liberated by
B . lan)ae as il grows. The relativeiy few bacteria in the lan'ae then
could invade the dead tissues, proliferate and sporulate.

Shortly after Haseman & Childers (1944) found that sulphona-
mide drugs efiectively suppressed signs of AFB, experiments were
made at Rothamsted to test the value of such treatment. Milne
(1947) summarised his investigations and confirmed the effectiveness
of sulphonamides in allaying disease, but emphasised that treatment
was impermanent, becaus€ dormant spores of Bacillus Laruae, r.ow
krown to stay viable Ior at least 33 years (Haseman, 1959), can
develop once the drug is exhausted. In view of the lessening of the
disease in England and \Yales since the implementation oI the Foul
Brood Disease of Bees Order of 1942, which enforces destruction of
knom diseased colonies, use of sulphonamides was not considered
advisable, and work on chemotherapy of brood diseases was sus-
pended at Rothamsted. \\'ork continued abroad, however, princi-
pally in Canada and the United States: oxytetracycline (Terra-
mycin) was found by Katznelson & Jamieson (1952b) to be an
efiective antibiotic, but it has the same limitations as sulphonamides.
There is still controversy, even in countries where use of dmgs is
permissible, about the desirability of their use in preference to
destrolng diseased colonies.

European foul bood disease

Tarr began investigations at Rothamsted on EFB when there was
considerable confusion, not only about the etiology of the disease,
but even about its existence. He worked first on Bacillus ahtei, a
bacterium commonly present in remains of larvae that have died of
the disease and was, at the time, usually considered the cause.
Bumside & Foster (1935) described 8a cillas far a-ahtei as an organism
similar to B. aloei a\d causing a disease similar to EFB. Tarr
(I936a) found that B. aluei ar.d. B. pan-aloei were biochemically in-
distinguishable; their difierences, which were slight, were solely
morphological. Davis & Tarr (1936) also fornd Slreptococcus apis
(another organism olten present in diseased larvae) was indis-
tinguishable from Streptccoccus liquelaciens or Sheftococcus glyceri*-
aceus (all now classifed as St',eplococcas faecal,is: see Bergey's
Manual oJ Delerminalhte Bacteriologlt, 6th ed.). This was apparently
independent of Hucker (1932), who had already identfied A. alis as
S. liquefaciens by cultural and serological tests. At first Tarr
(1936b) thought A. apis or B. alvei were able to cause EFB: he
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found that disease sometimes developed after lan'ae had their food
inoculated with pure cultures of eithei organism and were incubated
without nurse bees for 4 days at 35'before being returned to their
parent colony. It seems likely that EFB was endemic in the
experimental colonies he used, and this may have made results un-
reliable, but it is also possible that signs similar to those of EFB
were induced in the inoculated larvae whose resistance was lowered
by starvation (see below). Later, Tarr (1937b) realised, as had
Wlite (1912), that another organism always s€€med to occur in
diseased larvae, particuJarty in-the early stages of their infection.
It was hardly distinguishable morphologically from S. alrs, but its
presence was suspected when attempts to make cultues iz i,irlo
frorn larvae, apparently contai rtg very large numbers of 5. ay'rs,
failed. Tarr (1938b) attempted to cultivate the organism, which he
now recoglised as BaciLl,us t'luton'Nhtte, on a variety of media
without success. However, he confirmed manv obse-rvations of
Nhite (1912, 1920).

Thus Tarr usefully clarified the complicated bacteriology of
EFB, and his eventual confirmation of \lrhite's original obsewJtions,
uhich previously had not been accepted or had been considerably
modified, encouraged continuation of work with the principal funda-
mental aim of cultivation, in titro, of Bacillus plutan. Meanwhile
Burri (19a3) introduced further complications by claiming to
ide ity B. ?lulon as a dissociant form oI Bacterium iu,ryd,ice ,Nlite,
another organism commonly plentiful in larvae with EFB. Miss
E. Kops at Rothamsted could not verify Burris' observations (Rel.
Rolhzmsl. exf. Sta. for lg47) but tovnd. B. eurydice to be pleomomhic
and in some conditions to resemble g. uton moniholoei"illt -
Jlliss Kops and Miss H. Finegan tested a wihe variety o'f -"&. ",iaconditions for cultivation ol B. plulon, but all were unsatisfactory,
I2ter, attempts were renewed ivith the co-operation of Profesdr
L. P. Garrod (St. Bartholomew's Hospital), and field trids with one
of his isolates irdicated the possibitity that B. blul.ot conld. be
cultivated as an anaerobe (Rei. Rothattst- erp. StA. fot 1954). A
medium was eventualJy developed at Rothamsted which gave
satisfactory groMh of B. llulon in anaerobic conditions (Bailey,
1957a), and the first exp€riments made with pure cultures showed lt
to be the primary pathogen in EFB (Baitey, 1957b, 1957c). As the
organism does not form spores, it was decided thal Slrebtococcus
lluton ('N'bile), suggested by Gubler (f954), was a more appropriate
name. Apart from low oxygen tension, the major critical reiluire-
ments of S. Pluton for growth indbo are ahighratio of potassidm to
sodium, unidentiied constituents of certain yeast eitracts, high
inorganic phosphate concentration, and COr.

Un\ke Bacillus laruae (the cause of AFB), St eltacoccus blatol
develops abundantly in the larval mid-gut, suggesting that thi mid-
gut iswirtually anaerobic, which may explain the feeble development
of B . l.artae in growrng lartae. S.llulor apparently weakens iarvae
directly by depriving them of food (Bailey, I959a), which enables
secondary invaders to develop abundantly and help kill the larvae.
Typiczl\v, Baclerium eurydice is the irst of these to develop, as it is
commonly present in bee colonies, living normally, apparently
harmlessly, in the anterior parts of the alirnentary traci of adult
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bees (Ra1s. Rothamst. exl. Sta. Ior 1957, 1958). Other secondary
invaders, such as Sheflococcus faecalis, which seems common in cases
oI EFB in continental Europe, but not now in Britain, are probably
picked up Irom outside sources by foraging bees. Bacillus aloei is
not always present, but tends to become established in endemically
infected colonies: it seems to be the last of the secondarJr invaders,
developing in larvae that have died (Bailey, 1959b).

Tests with sulphonamides against EFB were made at Rotham-
sted in 194'6 and appeared inefiective. Various antibiotics, how-
ever, particularly streptomycin and ox1'tetracycline, were found by
Katznelson et al. (1952) to be efiective, and their use has become
common in North America and Europe. Growth oI Sbe?lococcus

Plulon is completely irfl,ibited. in vilro by penicillin G (concentration
10-,-104); oxltetracyclin (10-5 t0.?) and streptomycin (10-{-
l0-0) (Re?. Rothqrtst. er|. Sta.f.or 1958). Despite the Sreat eficiency
of penicittir G ln uriro, it is inefiective rz uiuo, against both AFB and
EFB, and probably because it is unstable, particularly at pH values
about 4.0, such as occur in honey and larval food. Dormant cells
of S. pl an are now known to remain viable for over a year, how-
ever, and they probably become well distributed within bee colonies
from some inlected larvae, which, nevertheless, survive. Such
larvae void very many bacteria in their faeces before pupation
(Bailey, 1959a). Thus, treatment with antibiotics has, firnda-
mentally, the same disadvantages vrith EFB as u'ith AFB--con-
tinued application of drugs is needed until dormant bacteria have
been eliminated by consumption of contaminated food and cleaning
of combs by adult bees, but there can be no certainty of when this
has been achieved.

A carine disease

After the mite, Acarupis uoodi (Rennie), was discovered by Ren-
fie et al. (l92ll, it quickly acquired the reputation of being very
destructive to adult bees, because it was considered to cause the
" Isle oi Wight disease ", from which many colonies of honeybees
were alleged to have died in the British Isles from 1906 until shortly
after the time A. uoodi wx discovered. Accordingly, the Limited
research at first possible at Rothamsted on adult bee infections was
aimed at improved remedial measures, particularly as surveys be-
tv,,een l94l and 1944 (Butler, 1945) showed 20% ot colonies inlected
and widely distributed in England and Wales. It had already been
shown elsewhere that carelul application oI the vapour lrom Frow's
mixture (nitrobenzene, salrol and petroll, or from buming sulphur,
killed mites with no apparent damage to the bees. Butler (194I)
also found terpineol vapour efiective in laboratory tests. I-ater,
more extensive field and laboratory trials were made with a variety of
fumigants, including newer acaricides applied as smokes and re-
ported effective by continental workers (Bailey & Carlisle, 1956).
Briefly, Frow's mixture was found effective when applied in cold
autumn weather, but infested bees eventually died in winter earlier
than is normal. Thus, althou8h the chances of heavy infestations
recurring next se?lson can be decreased, even iI not eliminated,
treated colonies are more likely than uninfested ones to die in the
Iate winter because their numbers are abnormally low. Newer
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acaricides of th€ di-(1{blorophenyl) methyl carbinol (,,Dimite,,)
type are convenient for spring or summer use and are more efiective
than sulphur fumes. Repeated applications are necessary, however,
unless they are used in warm weather, but then the colonies mav be
da.maged because the smoke overrxcites the bees.

. Acarapis woodi achieved its bad reputation without any quantita-
tive observations or experimental evidence about the pat-hoioev and
epidemiology of infestation. Accordingly, sirce tg5l, record! were
kept at Rothamsted of infestation and hortalitv of colonies that
were not treated, and these showed that infestations in endemicallv
infested hives are usually suppressed naturallv. The proportion of
total colonies examined that was detectably infested ria-s similar to
that found in the national surveys made illlg4l-44, but most were
only lightly infested. and when colonies found infested at anv one
time were graded accordint to the degree of infestation the numbers
in each group felJ exponentially as the de$ee oI infestation in-
creased. Few colonies ever had more ttran aO% of their bees in-
fested during any one season. Obvious damage to colonies was
found only with these heavy infestations, and-then onlv in late
winter: the very few with more than 7E|^ bees infested ujuallv die
about March (Bailey, 1958). The efiect oi infestation on the lile of
individuals is slight and d.ifficult to detect in summer bees. Oueen-
lessness and inactivity of colonies in poor seasons are principal
factors causing increased infestations (B;,iley & Lee, 1959).'

Thus, heary infestation is the conse(uenci of events uniavourable
to colony development: it may be moie common after several Door
seasons, when the bees are kept alir.e by artificia.l feeding. On-this
basis, the apparent close association of mite infestation wilh .. Isle of
\\]Uht dlsease " (Re-nnie e/ al., t92tl may be reinterpreted. This
disease probably had no single cause: rafher, the name included a
wide variety of debilities with similar signs (Rennie, lg23). Hear.r,
mite infestation may u'ell haYe resultid fiom, not causea, these
various ailments, which on some occasions at least, including those
of Rennie's investigations, occurred in very poor seasons. Fiom its
knowa wide distribution, Acarafis woodi-was probablv endemic in
honeybees -before the days of tlie " Isle oI Widht dis€;se ": it has
been found in Apis mellifera in most parts of Europe. includins
Sardinia and Maliorca, in Russia and in South Ameiica. It alsI
occurs in Alis iadica in India (Sardar Sineh, 1956) and in lDr's
melliJerc alansoti in the Belgian Congo (Benoit, lO59). Its ;D-
parent absence from Scandinavia, North America, Australia aid
New Zealand (Jeffree, 1959) seems remarkable, therefore, and
des€rves study.

_ As heavy infestation by Acarupis raoodi is usually slrmptomatic
ol a poor economy, treatment, however successful in killing mites.
may not be expected to produce a striking resDonse in colonv de-
velopment. The value, therefore, of treatments that a.re diricted
solely against mites needs careful consideration, Dadicularlv as
present methods have some detrimental efiect on be&.

Nosena d,isease

In a survey in l94l-44 (Butler, 1945) adult bees infected with
Noscma aPis Zaader were detected in about S% of colonies widely
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distributed in England and Wales in April and May, the period when
an acute peak of infection occurs in endemically inlected colonies.
This annual epidemic had been reported from Switzerland (Morgen-
thaler, 1939) and was confirmed at Rothamsted (Rr, . Rothamst. exi.
Slc. for f939/45). Widespread infection of colonies at Rothamsted
was first noticed in 1946, and Irom Ig47 to 1950 Hassanein studied
the natural history and pathology of the infection. Earlier rvorkers
showed that heavy artificial infection in autwnn killed colonies in
winter (White, l9l9; Morgenthaler, 1941); that inlected queens
soon become unable to produce eggs (Fyg, l9a5) and that h,'po-
pharyngeal glands oI infected bees become prematurely atrophied
(Irtmar, 1936). Hassanein (1951, I952a) confirmed the last two
observations, and found that brood-rearing was lessened in naturally
infected colonies in spring, presumably because infected bees pro-
duced less hy'popharlmgeal brood-food, and that infected bees began
Ioraging earlier and had shorter lives than uninlected individuals
(Hassanein, 1953). There was plenty of experimental evidence,
therefore, that infection with N. clrs was pathological-more so, to
individual bees, apparently, than infestation with Acarapis woodi.

Endemically infected but otherwise normal colonies are rarely
obviously affected, however; this follows from the extent to which
infection is naturally suppressed in such colonies during the summer.
Burnside and Revell (1948) considered that increased temperature
of the cluster, as brood-rearing increased, could account {or the
suppression of infection, and they confirmed results of Lotmar
(1943a) showing that temperatures over 35" suppressed development
of the parasite in individual, caged bees. An altemative explana-
tion was that transmission of parasites to newly emerging bees, which
are free of infection, ceases in summer when bees fly freely and
defaecate outside the hive, and this was tested by experiments at
Rothamsted in which bees were translerred to uncontaminated
combs in early summer (Bailey, 1955a, 1955b). This treatment
usually lowered intection to undetectable levels $'ith no recrurence
the next year. It seemed reasonable to suppose, therefore, that in-
Iection normally persisted in sumrner !!s faecal contamination de-
posited on combs the previous winter, and the decline of infection in
summer reflected fewer spores left on combs to infect new bees.
Recent exp€riments (Bailey, 1959c) showed that artificially infected
bees, introduced to endemically infected colonies in summer when
inlection was naturally diminishing, all developed similar numbers oI
spores to those in naturally infected bees in spring when natural
infection was high. Thus, high temperature seems to be unimpor-
tant, and the amount of inlection on combs seems fundamental to
the natural history of infection.

Means of decontaminating combs ryere developed: the best
Iound was fumigation, at normal temp€ratures, with fumes of
formaldehyde for empty combs, or with vapour of acetic acid for
combs with Iood in them. The effectiveness of acetic acid was con-
firmed by beekeeping institutes abroad (Garrilov, 1957; Jordan,
1957; Lunder, 1957). At Rothamsted almost all the bees were
transferred to such combs in early summer 1954, and the percentage
oI colonies with detectable infection fell from between 50 and 90 to 7
the following spring (Rrp. Rolkamst. er|. Sta. lot 1955). Many

o

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


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-92 pp 8

210 ROTITAMSTED REPORT I9 59

colonies were also treated with fumagillin (see below), which may
have helped, but there was no significaat difference between colonies
that received both treatments and those only fumigated (Bailey
1955b). These experiments were made in a poor season when in-
fection locally, and generally in England and \Yales, rose from l0 or
20 to 35 or 40o/o of colonies (Min. of Agric., Fish. & Food, 1956).
Absolute elimination of infection seems unlikely by the methods
employed, but keeping levels of infection lov' would be acceptable
provided this could be done cheaply. Fumigating spare combs only,
before re-use, has so far proved inadequate, but at Rothamsted
colonies are handled more often than in normal beekeeping, and the
seasons since the trial have been very poor. Nevertheless, this
simpliied method has some value, because the numbers of potential
parasites are decreased; the susceptibility of wax-moths, particu-
larly their eggs, and Streltococcus Phnon b the same treatment
(Re?s. Rothamst. e*P. Sla. for f955, 1958) gives it added value.

Direct evidence of the efiect of manipulation on infection of
colonies was obtained (Rey'. Rothamst. eap. Sla. for 1958) when in-
fection increased significantly in colonies inspected monthly in
winter. A similar but smaller efiect may be expected in summer,
and the high levels of infection of package bees from the southem
states of the United States (Reinhart, 1942; Farrar, 1947) may
derive Irom the handling they undergo follorrd by their long
joumeys. Infected samples of bees received for diagnosis about
April and May by the National Agricultural Advisory Service have
risen from the l94l+14 level of about 5% to approximately 20lo
since about 1953. This may not be entirely attributable to poor
weather: there is no doubt that transportation of bees, mainly to
orchards in spring and to heather in autumn, is more frequent now
than during and shortly after the war of 1939 46, and transportation
seems an important cause of high levels of infection (Bailey 1955a).
Commercial beekeepers have considerably higher infection in their
colonies than have beekeepers in general (unpublished data, Min. of
Agric., Fish. & Food) and probably transport their bees more.

After the discovery of the striking effect of fumagillin in sup
pressing infection by Nosema alis (Katznelson & Jamieson, 1952a)
field trials were made with it at Rothamsted. Feeding fumagillin in
autumn pre\rnted or retarded development of infection the fol-
lowing winter (Bailey, 1953a, 1955b). Results were not rvholly
satisfactory; infection was apparently always checked or diminished
by treatment, but absolute elimination seemed unlikely. Repeated
autumn application may eventually succeed: spring treatment
aller.iates the immediate acute infection, but comb contamination is
less [kely to be decreased.

It is necessary to consider the value of possible treatments and
the circumstances in which they are applied, The degree of infection
in spring with Noserfta aris reflects to some extent the degree to
which other circumstances of honeybees u'ere unfavourable the year
before. Lotmar (1943b) found a significant positive correlation
between wet summers and the degree of infectiou the next year, and
the only striking fall of infection in England and Wales in recent
years rras after the unusually good season of 1955 (Min. of Agric.,
Fish. & Food, 1956, 1957, 1958). In poor seasons the natural
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cleaning of combs is probably decreased, because brood rearhg and
nectar gathering is diminished and defaecation by infected bees in
the hive may be more Irequent than in good seasons. Colonies
should not be disturbed in poor seasons, and drug treatment seems
most useful at the end of such seasons. Comb changing would be
most likely to eliminate infection in good seasons.

More fundamental studies of infection in individual bees show
that the parasite is first established at the anterior and posterior ends
of the ventriculus, usually mostly at the anterior end, vith a region
of minimal inlection centrally (Bailey, 1955c). The last region has
many qrtoplasmic granules of calcium phosphate which disappear
when infection penetrates the cells. Their presence may, therefore,
initially inhibit growth and development of. Nosema apis. Infection
soon disappears from bees fed syrup containing fumagillin, leal'ing
apparently normal cells except at the anterior end of the ventriculus,
where infection persists even after continuous drug treatment for
several weeks (Bailey, 1953b).

Amoeba disease

Malpighamoeba mellifcae Prell was studied at Rothamsted first
by Hassanein (f952b), who confirmed that an annual epidemic,
similar in character to that of Nosema afis, occurs in adult bees oI
endemically infected colonies. This annual epidemic appears to
have the same explanation as that of.N-osezra alrs; translerence of
infected colonies to nonrontaminated combs in early summer
eliminated infection, and transference of combs from infected to
uninfected colonies in autumn introduced infection which became
epidemic the following spring (Bailey, 1957d). Cysts of M. mellifcae
on combs were killed as readily as spores of N. apr's by vapour of
acetic acid, but IumagiJlin did not affect the development of M.
mell.if.cae in infected bees (Bailey, 1955d).

The incidence of infection with Malpighamoeba meWcae in
England and Wales s'as less than I% in l94l -1.1 (But1er, 10.15), but
in recent )'ears it has risen to about 3o/o. The rise is coincident s'ith
that of Noserna apls mentioned above, and seems likely to be for
similar reasons. Infection is restricted to the south-east oI England,
however, particularly near london (llin. of Agric., Fish. & Food,
1956, I95?, 1958), uhich is strikingly similar to infection reported
{rom Denmark, where most is near Copenhagen (Fredskild, 1955).
The reason for this is not clear, but bees may be examined and dis-
turbed more frequently in urban than rural regions. Much more
disturbance seems necessary to maintain abnormally high levels of
infection by LI. tnellifcae than by N. apis, x lhe cyst stage of the
Iormer does not appear until 3 weeks alter inlection (Fyg, 1932;
Hassanein, 1952b), sb that in summer, infected bees will be foragers
that are almost at the end of their lives before they become infective.
Infective spores of N. apis form after l0 days or less well within
the [fe span of the bee in summer.

Paralysis
Results of experiments by Bumside (1933) made it aPpear that

adult bees with " paralysis "-dark, greasyJooking, virtually hair-
less bees, with sprawled legs and wings- had an infectious disease
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that was transmitted directly between them. Butler (1943) made
similar laboratory tests with the same results, but at the same time
he pointed out that a variety of diseases, some non-infectious, and
various poisons may produce similar signs. Bumside (1945) made
further controlled laboratory experiments which seemed to show
that the infectious disease was caused bv a filterable vims- About
2o/o oi samples of bees sent to the National Agricultural Advisory
Service annually from England and Wales are diagnosed as paralysii,
but the proportion that are of the infectious variety is unknown.

C onclusians

The common inlections of the adult honeybee are not principal
factors limiting the survival and gro*'th of endemically infecied
colonies that are otherwise normal. But they tend to reach serious
proportions when such colonies suffer set-backs. The set-backs are
sometimes adventitious, but they are often imposed or agtravated
by beekeeping practices. The increasing knowledge of the natural
histories of adult bee infections should help to mitigate these
actions. An understanding of the striking annual epidemic of EFB,
which usually occurs in endemically infected colonies, should produce
similar advantages. More epidemiological studies of AFB may be
helpful, even though natural control of this disease, once present,
seems poor.

Devising prophylactic measures depends on fundamental know-
ledge of the natural history of the infection concemed. Direct
therapy may often be improved and evaluated by such information.
Accordingly, the accumulation of fundamental knowledge remains
the primary purpose of research on diseases of the honeybee at
Rothamsted.
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