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Summary &mdash; Intracellular germination of Nosema apis spores is shown in TEM preparations of in-
fected honey bee (Apis mellifera) ventricular cells. A series of observations at different times post-
infection provides support for a hypothesis that could explain the rapid intercellular spread of the par-
asite. It is suggested that the first spores produced often germinate and spread the parasite within
the epithelium, whereas intact and durable spores are produced later in infected cells when they be-
come more crowded with parasites.
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INTRODUCTION

Nosema apis Z is a spore-forming intracel-
lular parasite of the honey bee (Apis mel-
lifera L) that infects the ventricular cells.
The spores are ingested with food and
germinate after they have reached the
ventricular lumen (Bailey, 1955). Like all

microsporidia, N apis injects its sporo-

plasm into the host cell and completes its
developmental cycle intracellularly (Lars-
son, 1986).

If the temperature is optimal for the par-
asite, +30-35 °C (Lotmar, 1943), the
whole ventriculus becomes infected within
2 weeks post-infection (pi), irrespective of
initial spore dose. This is due to autoinfec-
tion (Fries, 1988a). As infected ventricular

cells are shed into the gut lumen, newly
formed spores are released and germi-
nate, thus spreading the infection to other
parts of the gut (Bailey, 1981). However,
the rapid spread of the parasite through-
out the ventricular epithelium makes inter-
cellular spread inevitable (Fries, 1989).

Intercellular spread by vegetative stages
in the Nosematidae family has been indi-
cated in in vitro studies (Ishihara, 1969;
Kurtti et al, 1983; Kawarabata and Ishiha-
ra, 1984). Based on observations on in

vivo infections, Fries (1988b; 1989) sug-
gested that spores of N apis germinate
while still inside the cell where they were
produced, and possibly inject the sporo-
plasm into adjacent cells through the ex-
truded polar filament. The hypothesis of
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intercellular spread between cells through
germinating spores is supported by in vitro
(Iwano and Ishihara, 1989, 1991), as well
as in vivo (Avery and Anthony, 1983) ob-
servations in other Nosema species. Intra-
cellular germination of spores has been
observed in several other Nosema species
(Lom, 1972; Larsson, 1981; Toguebaye
and Marchand, 1984).

The completion of the developmental
cycle of N apis from ingestion of spores to
production of new spores has been report-
ed to be completed in 2 days (Kellner,
1980), or 3-5 days (Bailey, 1981) if the

temperature is optimal. Fries (1989) using
low inoculation doses, found immature,
mature, and emptied spores in the host cy-
toplasm 4 days pi. With a heavy inoculum,
however, mature spores are observed

more quickly than when low doses are

used (Fries, 1988a).
This paper reports observations on the

early infection and possible spread of N

apis in the ventricular epithelium of the

honey bee using a heavy inoculum.

MATERIALS AND METHODS

Twelve h after a comb containing mature worker
pupae was put in an incubator (+ 34 °C), newly
emerged bees were collected. The bees were
kept in the incubator at +32 °C in cages similar
to those described by Kulincevic et al (1973)
and supplied with sucrose in water solution 1/1
(w/w) and freshly collected bee pollen ad lib.
When the bees were 1 week old, they were
starved for 2 h and then 50 bees were individu-

ally fed approximately 106 spores per bee in 10-

&mu;l sucrose solution using a micropipette. The in-
fected bees were placed in a cage at +32 °C
and supplied with sugar solution.

Spores for the inoculation were collected

from live heavily infected bees after dissection
of the intestinal tracts as described by Verbeke
et al (1984) and homogenization in tap water.
After purification of the spores according to the
method of Cole (1970), hemacytometer counts

similar to Cantwell (1970) were used to estimate
the spore numbers.

Two bees were collected 2, 12, 24, 36 and
84 h pi. The ventriculus of each collected bee
was removed and prefixed in 4% glutaraldehyde
(v/v) in 0.067 M sodium cacodylate buffer, pH
7.2 for 2 weeks. After prefixation, each ventricu-
lus was cut transversely. The specimens were
postfixed for 2 h in 2% OsO4 (w/v) in 0.1 MS-
colloidine buffer and then dehydrated in an as-

cending series of ethanols, followed by propy-
lene oxide. The specimens were embedded in

epoxy resin (Agar 100) using routine procedures
for electron microscopy.

After making light microscopic examination of
rough sections, contrast colored with toluidine,
thin sections from different parts of the speci-
mens were mounted on copper grids. The thin
sections were stained with uranyle acetate, fol-
lowed by lead citrate, and then examined in a
Zeiss EM 10 electron microscope at an acceler-
ating voltage of 60 kV.

RESULTS

At 2 h pi no infected host cells could be de-
tected. Intact as well as emptied spores
could be found in the ventricular lumen. At
12 h pi, a few isolated parasite cells were
detected in the posterior parts of the ven-
triculus (fig 1), but they could not be distin-
guished from later stages during mero-

gony, in size or by any other character. No
cytokinesis was seen at this stage, but

spindle plaque and polar vesicles were vis-
ible, indicating nuclear division activities

(fig 1). Cytokinesis occurred within 24 h pi
(fig 2) as diplokaryotic merozoites were
budded off from multinucleate meronts (fig
2). At 36 h pi, immature spores as well as
structures interpreted as emptied spores
were found in the host cytoplasm (fig 3),
along with other developmental stages.
Also, it could be seen that the process of
nuclear division in the daughter cells

seemed to start before the completion of
cytokinesis, where merozoites were bud-
ded off from multinucleate meronts (fig 4).







The nuclear divisions of the meronts were

completed inside the nuclear membrane in
a closed intranuclear pleuromitosis (Rai-
kov, 1982) with the spindle tubes arranged
in the plane of connection between diplok-
aryotic nuclei (fig 5). Structures that un-

doubtedly represent intracellular spore ger-
mination, when compared to intracellular

germination in other Nosema species
(Lom, 1972; Larsson, 1981; Toguebaye
and Marchand, 1984), were seen 84 h pi
(fig 6). The first intact spores were seen
84 h pi.

DISCUSSION

Prior to this investigation, the earliest stag-
es of N apis ultrastructurally described
were collected 24 h pi (Fries, 1989). No
newly injected sporoplasm was detected in
this study; the youngest parasite cells
found were seen 12 h after feeding bees
with spores. These cells could not be dis-

tinguished from later stages in merogony
and possible differences between cells in
the first and second merogony are still

based on observations under the light mi-
croscope (Gray et al, 1969).

At 36 h pi both immature spores and
structures interpreted as emptied spores
were found, along with vegetative stages,
but no mature spores were seen. It has
been shown that germination of Nosema
sp spores immediately after their formation
inside host cells does occur in cell cultures

(Iwano and Ishihara, 1989). With the pre-
sented observations, this indicates that N
apis is capable of completing the develop-
mental cycle within 36 h. Furthermore, it

suggests that spores produced in host
cells not already filled with parasites might
germinate and release the sporoplasm in
the same or in adjacent cells. This could
explain the quick spread of the parasite
throughout the epithelium once the para-

site becomes established (Fries, 1988a).
Evidence suggesting intracellular germina-
tion in N apis development is demonstrat-
ed in the presented material (fig 6). The
structural similarities between figure 6 and
structures interpreted as emptied spores at
36 h pi (fig 3), support the hypothesis that
the first spores produced germinate and
possibly spread the parasite within the epi-
thelium. Avery and Anthony (1983) have
likewise reported intracellular germination
and suggested intercellular spread in

N algerae infecting Anopheles albimanus.
Recently, dimorphism of spores of Nose-
ma spp in cultured cells was reported,
where the first spores with thin endospores
germinated spontanously (Iwano and Ishi-

hara, 1991). The appearance of the endo-
spore of emptied spores of N apis reported
earlier (Fries, 1989) as well as in this

paper, is congruent with the observations
of dimorphic spore development and intra-
cellular germination of the first spores pro-
duced. This aspect needs further investiga-
tion in N apis.

In this paper, intercellular spread of par-
asites is suggested to result from spores
germinating inside host cells. However,
transmission between microsporidian cells
by vegetative stages, as suggested by sev-
eral authors (Ishihara and Sohi, 1966;
Tsang et al, 1982; Kurtti et al, 1983; Haya-
saka and Kawarabata, 1990) is still a pos-
sibility. If they exist, the infective forms
have yet to be isolated and identified.

Maddox (1968) suggested that spore
production in Vairimorpha necatrix, infect-
ing Pseudaletia uni-puncta, is a density de-
pendent process where a certain popula-
tion density of the vegetative forms must
be reached before spores are produced.
The observations presented in this study
suggest that spores of N apis in A mellifera
can be produced within 36 h pi, before

large numbers of vegetative stages accu-
mulate in the host cells, and that in the ear-





ly stages of disease development, newly
produced spores often germinate shortly
after being produced. Possibly, intact

spores are first found only once the host
cells become more crowded with para-
sites. This would be contrary to the hypoth-
esis of Maddox (1968) for N necatrix,
where spore formation is suggested to be
triggered by increased parasite density. In
N apis it seems as if the first spores pro-
duced often germinate and possibly
spread the parasite within or between

cells, and the spores produced later, when
the parasite density is greater, might re-

main intact in the host cytoplasm.
This study demonstrates the rapid divi-

sion of the parasite in its early develop-
ment. It is clear that preparation for nuclear
divisions in the subsequent daughter cells
are already taking place in multinucleate
meronts before cytokinesis is completed to
produce merozoites.
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Résumé &mdash; Germination intracellulaire
des spores de Nosema apis Z. Nosema
apis Z est un parasite intracellulaire sporu-
lant de l’abeille (Apis mellifera L) qui enva-
hit les cellules du ventricule (intestin).
Comme toutes les microsporidies, N apis
injecte son protoplasme dans la cellule
hôte et accomplit son cycle de développe-
ment à l’intérieur de la cellule (Larsson,
1986). La propagation des stades végéta-
tifs entre les cellules dans la famille des
Nosematidae a été montrée par des étu-
des in vitro (Ishihara, 1969; Kurtti et al,
1983; Kabawarata et Ishihara, 1984). Fries

(1988b, 1989) a suggéré que les spores
de N apis pouvaient germer lorsqu’elles
étaient encore à l’intérieur de la cellule où
elles avaient été produites et qu’elles pou-
vaient injecter le sporoplasme dans les cel-
lules adjacentes. Ce travail relate les obs-
ervations faites sur l’infection précoce et la
propagation éventuelle de N apis dans
l’épithélium du ventricule de l’abeille.

Des abeilles âgées d’1 sem ont reçu
chacune, à l’aide d’une micropipette, 10 &mu;l
de solution de saccharose renfermant en-
viron 106 spores. Les abeilles infectées ont
été maintenues en cages à 32 °C et appro-
visionnées avec du sirop. Deux abeilles
ont été prélevées toutes les 2, 12, 24, 36
et 84 h. Le ventricule de chaque abeille
était enlevé et préfixé dans 4% de glutaral-
déhyde (v/v) dans un tampon de cacodyla-
te de sodium à 0,067 M, pH 7,2 pendant 2
sem. Le ventricule était ensuite coupé trans-
versalement, postfixé, déshydraté et inclus
dans de la résine époxy (Agar 100) pour
être étudié en microscopie électronique.

Résultats : 12 h après l’infection (pi),
quelques cellules isolées du parasite ont
été décelées dans les parties postérieures
du ventricule (fig 1), mais on ne pouvait les
distinguer des stades ultérieurs de la mé-
rogonie, ni en taille ni par d’autres caractè-
res (fig 1). La cytokinèse s’est produite
24 h pi, lorsque les mérozoïtes diplocaryo-
tes ont bourgeonné à partir des mérontes
multinucléaires (fig 2). À trente-six h pi, on
a trouvé dans le cytoplasme de l’hôte des
spores immatures et des structures consi-

dérées comme des spores vidées (fig 3),
mais aucune spore mature. Des structures

qui correspondaient sans aucun doute à la
germination intracellulaire des spores ont
été repérées 84 h pi (fig 6).

Discussion : cette étude n’a décelé
aucun sporoplasme fraîchement injecté.
Iwano et Ishihara (1989) ont montré dans
des cultures de cellules que la germination
des spores de N apis avait lieu juste après
leur formation dans les cellules de l’hôte.



Le travail présent montre que N apis est
capable d’accomplir son cycle de dévelop-
pement en 36 h. Il suggère en outre que
les premières spores produites dans les
cellules hôtes, non encore remplies de pa-
rasites, peuvent germer et libérer leur spo-
roplasme dans la même cellule ou dans
les cellules adjacentes. Ceci pourrait expli-
quer la propagation rapide du parasite à
travers l’épithelium, dès qu’il est installé

(Fries, 1988a). Il se multiplie rapidement
lors de la première phase de développe-
ment. Les divisions nucléaires dans les
cellules filles sont préparées dans les mé-
rontes multinucléaires avant que la cytoki-
nèse ne soit achevée.
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Zusammenfassung &mdash; Intracelluläre

Keimung der Sporen von Nosema apis.
Nosema apis Z ist ein sporenbildender in-
trazellulärer Parasit der Honigbiene (Apis
mellifera L), der die Darmzellen befällt.
Wie alle Mikrosporidien injiziert N apis sein
Sporoplasma in die Wirtszelle und vollen-
det seinen Entwicklungszyklus intrazellulär
(Larsson, 1986). Die Ausbreitung der ve-
getativen Stadien zwischen den Zellen
wurde in der Familie der Nosematiden
durch in vitro Untersuchungen von Ishiha-
ra, 1969, Kurtti et al, 1983 und Kawaraba-
ta und Ishihara, 1984 gezeigt. Fries

(1988b, 1989) vermutet, da&szlig; die Sporen
von N apis schon innerhalb der Zellen

keimen, in denen sie erzeugt wurden, und
da&szlig; sie möglicherweise ihr Sporoplasma
in benachbarte Zellen injizieren. Die Arbeit
berichtet über Beobachtungen an frühen
Infektionsstadien und die mögliche Aus-
breitung von N apis im Mitteldarmepithel
der Honigbiene. Honigbienen im Alter von
einer Woche wurden mittels einer Mikropi-
pette pro Biene ungefähr 106 Sporen in 10 
&mu;l Zuckerlösung gefüttert. Die infizierten

Bienen wurden in Käfigen bei 32 °C gehal-
ten und mit Zuckerlösung versorgt. Jeweils
2, 12, 24, 36 und 84 Stunden nach der In-
fektion wurden je zwei Bienen entnommen.
Der Mitteldarm jeder Biene wurde dann
herauspräpariert und in 4% Glutaraldehyd
(v/v) in 0.067 M Natriumcacodylat-Puffer,
pH 7.2, für zwei Wochen vorfixiert. Nach
der Vorfixierung wurde jeder Mitteldarm
transversal geschnitten. Nach Nachfixie-

rung und Entwässerung wurden die Objek-
te in Epoxyharz (Agar 100) eingebettet,
wobei die Routineverfahren der Elektro-

nen-Mikroskopie benutzt wurden. Zwölf
Stunden nach der Infektion wurden einige
wenige isolierte Parasitenzellen im hinte-

ren Teil des Mitteldarms entdeckt (Abb 1),
aber es war nicht möglich, sie aufgrund
ihrer Grö&szlig;e oder irgendeines anderen

Merkmals von späteren Stadien der Mero-
gonie zu unterscheiden (Abb 1). Die Cyto-
kinese erfolgt innerhalb von 24 Stunden pi,
wenn sich zweikernige Merozoiten durch
Knospung von den vielkernigen Meronten
abtrennten (Abb 2). Bei 36 Stunden
wurden im Gastcytoplasma unreife Sporen
und auserdem Strukturen gefunden, die
als entleerte Sporen interpretiert werden
können (Abb 3) jedoch keine reifen

Sporen. Strukturen, die zweifellos als intra-
zelluläre Sporenkeimung zu betrachten

sind, wurden 84 Stunden nach Infektion

gefunden (Abb 6). In dieser Untersuchung
wurde kein frisch injiziertes Sporoplasma
gefunden. Es ist früher gezeigt worden,
da&szlig; die Keimung von Nosema sp-Sporen
in Zellkulturen unmittelbar nach ihrer Bil-

dung in der Wirtszelle erfolgt (Iwano und
Ishihara, 1989). Zusammen mit den vorlie-
genden Beobachtungen weist dies darauf
hin, da&szlig; N apis in der Lage ist, den Ent-
wicklungszyklus innerhalb von 36 Stunden
zu vollenden. Au&szlig;erdem lassen sie vermu-

ten, da&szlig; die ersten Sporen, die in einer
noch nicht mit Parasiten gefüllten Wirtszel-
le erzeugt werden, in derselben Zelle

keimen und die Sporoplasten in derselben



oder in benachbarten Zellen freisetzen
könnten. Dies könnte die rasche Ausbrei-

tung des Parasiten in dem Epithelium er-
klären, sobald sich der Parasit festgesetzt
hat (Fries, 1988a). Diese Untersuchung
zeigt die rasche Teilung des Parasiten
während seiner frühen Entwicklungsphase.
Die Vorbereitung zu Kernteilungen in den

folgenden Tochterzellen erfolgt in den viel-
kernigen Meronten zur Erzeugung von Me-
rozoiten, noch bevor die Cytokinese abge-
schlossen ist.
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