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Bacterial diseases

A.M. Alippi
Laboratorio de Fitopatologia, Facultad de Ciencias Agrarias y Forestales
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Introduction

Bacteria are single celled organisms, microscopic in size (less than 1 pm to several ym in length)
and lack a defined nucleus, belonging to the Procaryote kingdom. Within the procaryotic organisms,
four divisions are recognised, based upon cell wall characteristics (Murray, 1984):

Division |
Gracilicutes
Gram-negative type cell wall (contains Gram-negative bacteria)

Division Il
Firmicutes
Gram-positive type cell wall {contains Gram-positive bacteria)

Division ili
Tenericutes
No cell wall (contains class Mollicutes)

Division IV

Mendosicutes

Procaryotes with unusual walls, membrane lipids, ribosomes and RNA sequences (contains class
Archaeobacteria)

Bacteria that affect insects are present in divisions | to lll, and can thus be divided into organisms
with cell walls (true bacteria and rickettsias) and those without (myeoplasmas and spiroplasmas).

The taxonomy of bacteria has undergone considerable revision during the past two decades. The
basic unit of bacterial classification is the species, which may be defined as a collection of strains that
have many features in common, differing in these features from other groups of strains. Subspecies
represent major divisions within the species taxon.

In honey bees, the two most important diseases of bacterial origin are American Foulbrood and
European Foulbrood; they have been studied more than other bee diseases. Septicaemia, powdery

scale, half-moon disorder and diseases caused by Spiroplasmas and Ricketisiae have received less
consideration because they cause minor economic losses o beekeepers.

American Foulbrood disease

Definition of the disease

American Foulbrood is an infectious, highly contagious, cosmopolitan disease affecting propupae
and due to the muiltiplication of a sporulating bacterium Paenibacillus larvae ssp. larvae. Symptoms of
infection are easily recognisable in freshly dead larvae.
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Other common names applied to the disease are black brood, ropy brood, foul and diseased
brood.

General epidemiology

Until 1906 the two foulbrood diseases were not differentiated and the condition was generally
referred to as foulbrood. Phillips (1906) used the terms European and American to distinguish the
diseases. However the designations did not refer to the geographical distributions but to the areas
where they were first investigated scientifically (Shimanuki, 1990). White (1907) demonstraied
conclusively that a bacterium that he called Bacillus larvae was the cause of American Foulbrood
(AFB) disease by fulfilling Koch’s postulates.

The geographical origin of AFB is unknown, but it is found almost world-wide (Matheson, 1993,
1996). AFB is the most virulent brood disease known in honey bees (Apis mellifera L.). It is one of the
few bee diseases capable of killing a colony and poses unigue problems for prevention and control
because the bacterial spores can remain viable for long periods of time (35 years or more) and survive
adverse conditions (Matheson and Reid, 1992). The diseased brood combs are the greatest source of
spores, the agents of contamination and dissemination (Shimanuki, 1990; Alippi, 1996). AFB infection
is the most unstable of all infections in honey bee communities (Bailey and Ball, 19¢1). This highly
contagious disease is spread between colonies primarily by exchanging infected combs or by allowing
diseased colonies to be robbed by bees from.-another apiary.

There is no seasonal outbreak of AFB; it occurs at any time of the year when brood is present
(Bailey and Ball, 1991), but it is usually diagnosed during the active brood-rearing season.

Etiology
Pathogenic agent. Classification

White (1907, 1920) demonstrated that Bacillus larvae was the cause of AFB and made a full
description of the species.

In 1993, Ash and co-workers (Ash et al., 1993) reclassified this species in a newly defined genus,
Paenibacillus (from Latin: almost a Bacillus, because it derives from this genus but is phylogenetically
distinct), which comprises the group 3 Bacillus spp. as defined by 16 s rRNA analysis.

Recent taxonomic work (Heyndrickx et al., 1996) has shown that one other member of the genus,
Paenibacillus pulvifaciens, a weak pathogen of honeybee larvae, should be reclassified as a
subspecies of P. larvae. Genomes of the two subspecies are at least 90% homologous. According to
these studies, there are 11 species within the genus Paenibacillus, and the current taxonomic position
of the causal agent of AFB disease is Paenibacillus larvae ssp. larvae (White) Heyndrickx et al.
[Formerly: Paenibacillus larvae (White) Ash et al.].

Spread and transmission

Paenibacillus larvae ssp. larvae spores are highly resistant to desiccation, high temperatures
(100°C for more than 10 min), exposure to UV light and also survive contact with classical
disinfectants like 10% formaidehyde solutions for longer than 5 hours.

Spread within-colony

Paenibacillus larvae ssp. larvae infects only the larvae of all castes and not adult bees. Larvae
become infected by consuming spores present in their food. A few infected individuals can be
removed from the colony by worker bees engaged in nest cleaning duties. As time passes, remaining
infected larvae or pupae dry to a scale, which adheres firmly to the bottom of the cell and is very
difficult for the bees to remove. One single scale contains about 2,500 million spores. Infection is
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spread by two main routes. Firstly, 8-19% of larvae reared in cells which previously contained infected
larvae, become infected themselves. Secondly, cell-cleaning bees transmit spores to the larval food
when they become nurse bees. Transmission of spores by the second route may be reduced by the
action of the worker bees proventriculus (a filter that transfers spores and pollen grains from the honey
stomach into the midgut, Fig. 1). The contents of the honey stomach may be shared by trophallaxis, or
stored as honey and the contents of the midgut are passed outside the hive in the faeces (Ratnieks,
1992). Susceptibility of larvae to AFB decreases with increasing age. According to Woodrow (1942),
one spore is sufficient to infect a larva one day after egg hatching, while larvae older than 53 h are
completely resistant. The LDgq of P. /. ssp. larvae for 1-day-old-larvae is 35 spores (Shimanuki, 1990).

Fig. 1. Scanning electron micrograph of a proventriculus organ showing pollen grains trapped by
its hair-lined lips. The proventriculus is also effective in trapping smaller particles, such as
Paenibacillus larvae ssp. larvae spores. Bar: 10 pm. Photo by A.M. Alippi.

Spread between colonies

The transfer of AFB from one colony to another is an essential step in the disease cycle (Ratnieks,
1992). Apicultural practices have a major influence on the spread of the disease. Transmission of AFB
is possible in a number of ways, including feeding with contaminated honey and pollen; transferring
frames of brood from diseased colonies to healthy ones; using hive equipment which at some time
has been contaminated with P. I ssp. larvae spores; allowing bees to rob honey from contaminated
colonies or stored honey combs; and, in a minor way, by drifting bees (Matheson and Reid, 1992). The
beekeeper greatly contributes to the spread of AFB over long distances by the movement of colonies
used for crop pollination, by purchasing and selling nucleus colonies and packages, by feeding bees
with honey or polien of unknown origin and by incorporating swarms into the apiary without sanitary
precautions.

Factors affecting disease outbreaks and seriousness

AFB may persist endemically in a colony for several years before overt symptoms can be detected
(Hansen and Rasmussen, 1986). However, after a considerable length of time a few larvae may
become infected and the infection can reach the spore-forming stage before the dead brood is
removed. In nature, when A. mellifera nests are at a low density, the drifting of bees between colonies
is eliminated and robbing reduced. Moreover, since natural nests have smaller entrances than bee
colonies their defences against robbing are more efficient.
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Pathogenesis

The spores represent the infective form of the disease. Larvae are infected by consuming spores
present in their food. Millions of spores are required to infect larvae older than 2 days, but larvae up to
24 hours old become infected with less than 10 spores (Woodrow, 1942). The spores germinate in the
midgut lumen (pH 6.6) approximately 1 day after ingestion by the larva, giving rise to the vegetative
forms (rod stage of P. . ssp. larvae). The flagellated rods do not multiply in the lumen of the intestine
however, they migrate to the peritrophic membrane, penetrating into the midgut epithelium. The
vegetative rods enter the midgut cell by phagocytosis. If some bacteria are destroyed in the phagocytic
vacuoles, others survive. After lysis of the invaded cell, the bacteria enter the haemocoel of the host.
The rods multiply abundantly in the haemolymph, and then begin to sporulate. The larva dies from a
systemic bacteraemia (Davidson, 1973). Apart from the lysis of an invaded midgut cell, no toxin
seems to be involved, the disease being a systemic bacteraemia (Tanada and Kaya, 1993).

The conditions for germination of spores are optimal in the youngest larvae, but they soon become
unsuitable for vegetative growth, as observed in the in vitro growth of P. /. ssp. larvae (Bailey and Lee,
1962). Germination of spores occurs at a pH of about 6.6, a temperature of 36-37°C and under
microaerophilic conditions (5-10% CO, in air). Vegetative cells are unable to multiply in the larval
intestine because at this stage the bacteria are aerobic and motile, so they migrate to the epithelium,
penetrate into the body cavity and multiply in the haemolymph where aerobic conditions prevail (Bailey
and Ball, 1991).

It seems that spore germination is slower in older larvae than in young ones and the vegetative
rods may not have time to reach the epithelium and invade the tissues, before being evacuated with
the gut contents in the faeces (Bailey and Ball, 1991). Vegetative cells are not infective to other larvae
and do not resist desiccation.

Older larvae also have a thicker peritrophic membrane which could constitute an increasing barrier
to the movement of P. [. ssp. larvae vegetative cells. The second barrier is the midgut epithelium. If
bacteria successfully penetrate both the peritrophic membrane and the midgut epithelium, the larva
can be expected to succumb (Davidson, 1973).

When the bacteria proliferate in the larval tissues before pupation, infected larvae quickly die and
spores form, mostly in propupae 11 days after egg haiching. Larvae of 13-14 days old contain spores
in all their tissues (Bailey and Ball, 1991). After death, the normally white larva becomes dark brown
and settles to the bottom of the cell. Its body wall is easy ruptured. The body contents increase in
viscosity and adhere to an object, such as a toothpick inserted into the cell, and string out into a sticky
thread (ropiness) for a considerable distance. As time passes, a dead larva or pupa dries to a scale
that adheres tightly to the cocoon at the base of the cell. -

Clinical diagnosis (field symptoms)

AFB has distinctive field symptoms which include characteristics of the brood comb and
characteristics of the cell contents (Matheson and Reid, 1992). The general appearance of affected
combs are a patchy brood pattern due to the presence of healthy capped brood, uncapped cells
containing the remains of diseased larvae, and empty cells.

The cappings of cells containing diseased larvae are dark with a greasy appearance and become
concave (sunken) with irregular holes, as infection progresses (Fig. 2). When the cappings are
removed, dead Jarvae can be drawn out into a dark ropy thread longer than 2-2.5 cm (Fig. 3). Dead
larvae or pupae progressively darken from a straw yellow through chocolate brown to almost black

(Fig. 4).

Combs containing diseased larvae have a characteristic glue-pot or sour odour. Finally, after a
month or more, the remains of the diseased individuals dry out to form typical dark scales that are
brittle and adhere strongly to the cocoons. If death occurs in the pupal stage the formation of the pupal
"tongue", a protrusion from the pupal mouthparts that traverses the cell and adheres to the roof, is one
of the most characteristics signs of the disease (White, 1920) (Fig. 5). Besides the tongue, the dried
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scales can also exhibit other adult features such as legs and a head, which are clearly diagnostic for
this disease.

The differential diagnosis between AFB and EFB is summarised in Table 1.

!&

Fig. 2. Brood comb affected by AFB showing sunken cappings and partially open cells, typical
symptoms of the disease. Photo by A.M. Alippi.

Fig. 3. Ropy test: a stick is inserted into the cell and removed slowly. Larval remains stretch to a
thin thread longer than 2.5 cm. This is an exiremely valuable diagnostic feature. Photo by
A.M. Alippi.

35



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



CIHEAM - Options Mediterraneennes



