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SUMMARY: The ticks examined were in the early middle to middle pre-moulting period 
corresponding to the nymph-pharate adult transitional phase. Although Borrelia bur­
gdorferi could be found intracellularly within Malpighian tubule, ovarian and syncytial 
muscular tissues, the spirochaete was predominantly located in the extracellular sites 
associated with different organs. A large number of borreliae were observed in the very 
narrow endoperitrophic space resulting from the peritrophic membrane atrophy in 
systemically infected nymphs at day 15 after a non-infectious blood meal. This observa­
tion indicates that some spirochaetes in the midgut lumen of unfed nymphs are envelo­
ped within the endoperitrophic space once the peritrophic membrane occurs and/or 
condenses and survive there at least until ticks begin to enter pharate stage of the adult. 
The absence of B. burgdorferi from the ectoperitrophic space in systemically infected 
early middle to middle moulting nymphs suggests that spirochaetes persisting in this 
space may become systemic thereafter. The detection of borreliae only in the narrow 
endoperitrophic space of a male nymph at day 15 after repletion indicates that all 
pre-feeding midgut spirochaetes may be enclosed in this space when the peritrophic 
membrane appears and/or condenses, and the peritrophic membrane may become a 
barrier preventing spirochaetes from penetrating the midgut epithelium. 

RESUME: Les tiques examinees etaient en periode de pre-mue precocement moyenne a 
moyenne, correspondant a la phase de transition adulte pharate-nymphe. Bien que 
Borrelia burgdorferi ait pu se trouver intracellulaire dans le tube de Malpighi et les tissus 
musculaires syncitiaux et ovariens, le spirochete s'est essentiellement localise dans des 
sites extracellulaires associes a differents organes. Un grand nombre de borrelies, la 
plupart de formes atypiques, gemmae y compris, s'observerent dans un espace endope­
ritrophique tres etroit, provenant de l'atrophie de la membrane peritrophique, chez des 
nymphes systemiquemen t infestees 15 jours apres un re pas sanguin non infectieux. Cette 
observation montre que dans la lumiere de l'intestin moyen de nymphes ajeiin quelques 
spirochetes s'enveloppent dans un espace endoperitrophique une fois formee et/ou 
condensee la membrane peritrophique et y survivent au moins jusqu'a ce que les tiques 
entrent en stade d'adulte pharate. L'absence, dans l'espace ectoperitrophique, de B. 
burgdorferi chez des nymphes infestees systemiquement, en mue precocement moyenne a 
moyenne, suggere que les spirochetes persistant dans cet espace doivent devenir ensuite 
systemique. La detection des borrelies seulement dans l'etroit espace endoperitrophique 
d'une nymphe male 15 jours apres son repas rriontre que tous les spirochetes dans 
l'intestin moyen avant le repas de sang doivent s'enfermer dans cet espace lorsque 
apparait et/ou se condense la membrane peritrophique, et la membrane peritrophique 
doit devenir une barriere prevenant la penetration des spirochetes dans !'epithelium 
intestinal. L'origine des formes atypiques de Borrelia burgdorferi et leur role dans le cycle 
de vie du spirochete sont discutes. 
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INTRODUCTION 

Following the discovery of the spirochaete Borrelia 
burgdorferi (Spirochaetales: Spirochaetacea), the 
causative agent of Lyme borreliosis, in Ixodes dam­
mini in the United States (BuRGDORFER et al., 1982) 
and in I ricinus collected in Switzerland (BuRGDOR­
FER et al., 1983), many investigations have been 
concentrated on the development of the spirochaete 
in its ixodid tick vectors, mainly during blood­
feeding. The studies dealing with the behaviour of the 
spirochaete in the immature stages of ixodid ticks are 
relatively few, especially in moulting ticks. H hurgdor­
feri has been demonstrated in all tissues, including 
haemolymph and salivary glands, of unfed and 
blood-feeding I dammini nymphs (ZuNG et al., 1989). 
Similar findings are lacking for engorged nymphs, 
though a rapid increase in spirochaete number in the 
period immediately after nymphal repletion and a 
rapid decrease as ticks moulted from nymphs to 
adults in I dammini were reported (PIESMAN et al., 
1990). In addition, a rapid peritrophic membrane 
(PM) atrophic process was recently described in 
moulting nymphal I ricinus during nymph-pharate 
adult transitional phase ( ZHu et al., 1993). It remains 
undetermined whether the atrophying PM has some 
influences on the development of midgut lumen spi­
rochaetes, especially on the organisms enclosed 
within the endoperitrophic space when the PM 
occurs and condenses (ZuNG et al., 1989; ZHu, 1995). 
The aim of the present investigation is to localize B. 
burgdorferi and evaluate its behaviour in replete I 
ricinus nymphs. Part of the present results has been 
presented at the fifth International Conference on 
Lyme Borreliosis, Arlington, Virginia, USA (ZHu et 
al., 1992b). 

MATERIALS AND METHODS 

Nymphal I ricinus were collected by flagging vege­
tation in a forest near Neuchatel, Switzerland. Col­
lected ticks were fed on uninfected New Zealand 
white rabbits. Replete nymphs were kept at 20-22°C 
and saturated humidity, and sampled at day 15 
(n=18) and 21 (n=12) after repletion. Each tick was 

124-
then dissected in phosphate buffered saline (pH 7.4) 
and processed simultaneously by direct immunofluo­
rescence assay (DIFA) for the immunological identi­
fication of B. burgdorferi infection, and by histologi­
cal and transmission electron microscopic techniques 
(TEM) for the localization of the spirochaete within 
tick tissues. For DIFA, air-dried slides with organ 
smears of the ticks were fixed in acetone, incubated 
with fluorescein isothiocyanate conjugated antibo­
dies to B. burgdorferi (PEACOCK et al., 1971; GERN et 
al., 1990, 1991) and were examined for spirochaetes 
by fluorescence microscopy. For histology, longitudi­
nally halved ticks or pieces of tick organs were fixed 
in cold phosphate buffered 4% formaldehyde, pH 7 .4, 
at 4°C overnight. The paraffin embedded tissues were 
sectioned at a thickness of 8 J..Lm and stained using 
Dieterle spirochaete stain (V AN 0DEN & GREER, 
1977; GERN et al., 1990). Longitudinally halved ticks 

., or tick tissues were also fixed in freshly prepared 
Karnovsky' s fixative (KARNOVSKY, 1965) at 4 °C over­
night and further treated for TEM according to 
AGBEDE et al. (1986) and ZHU et al. (1991, 1992, 
1993). 

RESULTS 

B. burgdorferi infection was demonstrated by 
DIFA, silver-stain and TEM, in 3 of 18 nymphs 
examined at day 15 and in one of 12 nymphs exami­
ned at day 21 after repletion. The examined ticks were 
in the early middle to middle pre-moulting period 
(ZHU et al., 1993). The nymphs examined at day 15 
after repletion were just in the course of apolysis and 
the ticks examined at day 21 after repletion had 
begun their pharate stage of the adult (ZHu et al., 
1993). The sexual differentiation of the examined 
ticks were very distinct (ZHu et al., 1992). Among the 
infected ticks, only one examined at day 15 after 
repletion was found to be a male. 

B. burgdorferi in nymphs at day 15 after repletion 

Two female nymphs examined at day 15 after reple­
tion had a systemic infection with B. burgdorferi in 
every organ. Spirochetal distribution and abundance 
in various organs were similar in these two nymphs. 
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FIG. 1. B. burgdorferi (arrowhead) adhering to a hemocyte (arrow) in the haemolymph of a female nymph examined at ·day 15 after repletion. 
H hemocoel. Light micrograph, Dieterle stain. Bar= 20 fliil· - FIG. 2. B. burgdorferi (arrowheads) within phagocytic vacuoles(arrows) of 
a type 11 granulocyte. EG electron-dense granules; H hemocoel. Transmission electron micrograph. Bar = 1 f.Uil. - FiG. 3. B. burgdorferi 
(arrowheads) within the synganglion tissue of a nymph examined at day 15 after repletion. N neuropile region; PK perikaryo-region of 
neurons. Light micrograph, Dieterle stain. Bar = 20 Jlm.- FIG. 4. B. burgdorferi within (double arrowheads) and along the margin 
(arrowheads) of a weakly silver-stained large surviving agranular acinus of salivary glands (Balashov, 1968), measuring about 85- 105 Jlm 
in diameter, in a female nymph examined at day 15 after repletion. Light micrograph, Dieterle stain. Bar= 20 Jlm.- FIG. 5. B. burgdorferi 
(arrowheads) in a heavily silver-stained small acinus of salivary glands, measuring about 45-65 Jlm in diameter, in a female nymph examined 
at day 15 after repletion. H hemocoel. Light micrograph, Dieterle stain. Bar= 20 Jlm.-FIG. 6. B. burgdorferi (arrowheads) in the lumen 
of a duct of the salivary glands from a nymph examined at day 15 after repletion. Note the duct is strongly silver-stained. H hemocoel. Light 
micrograph, Dieterle stain. Bar = 20 Jlm. 
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They were limited in number in haemolymph (Figs. 
1-2), tracheae, fat body and nephrocytes, but quite 
numerous within other tissues (Figs. 3-12). The hea­
viest infection was found in the muscular tissue, in the 
greatly narrowed endoperitrophic space of the mid­
gut lumen as described by ZHu et al. (1993) (Figs. 
7-10), and in the epithelium of Malpighian tubules 
(Figs. 11-12). 

Although many B. burgdorferi could be found 
intracellularly within Malpighian tubules (Fig. 
11-12) and seldom in the phagocytic vacuoles of type 
II granulocytes (Fig. 2), the bacterium was princi­
pally located in the extracellular sites associated with 
various organs, such as the spaces between the basal 
lamina and the basal plasma membrane of host cells, 
the large vacuoles in the basal region of hypodermis, 
the extracellular spaces in the connective tissues, the 
intercellular spaces between ovarian cells as pre­
viously described by authors (ZHU et al. , 1992), the 
lumens of the acini and ducts of salivary glands (Figs. 
4-6), and the endoperitrophic spaces of midgut 
lumen (ZHU et al., 1993) (Figs. 7-1 0). Most spiro­
chaetes in the syncytial muscular tissue were situated 
in the electron-lucent sarcoplasmic matrix. The 
ultrastructural location of B. burgdorferi in the syn­
ganglion has not been investigated. 

Although spirochaetes were relatively few in the 
midgut wall and almost exclusively confined to the 
extracellular site along the very narrow basal margin 
of the organ, a large number of B. burgdorferi was 
present in the midgut lumen (Figs. 7-1 0). They were 
enclosed in the endoperitrophic space (Figs. 7-1 0) 
narrowed by the peritrophic membrane (PM) atrophy 
(ZHU et al. , 1993); whereas they were not seen in the 
ectoperitrophic space. Some spirochaetes still showed 
a typical B. burgdorferi appearance, but most of them 
had changed their morphology (Figs. 7-10). A large 
number of gemmae were present (Figs. 7-10). They 
consisted of a highly blebbed outer cell envelope and 
a coiled or folded inner protoplasmic cylinder as 
described by BURGDORFER & HAYES (1989). In the 
ultra-thin sections, the coiled cylinder often appeared 
as several separated cylinders adhering to the outer 
cell envelope. Huge protoplasmic cylinders as those 
reported by BURGDORFER & HA YES (1989) were some­
times observed within gemmae. They measured 
about 0.4-0. 7 J..Lm in diameter and showed a lower 

electron density than other ones. Some protoplasmic 
cylinders within gemmae were surrounded with 2 or 3 
membranous layers. No electron-dense chromatin 
bodies were observed within gemmae, despite an 
extensive TEM examination. Giant spirochaetes with 
a huge protoplasmic cylinder measuring approxima­
tely 0.35- 0.50 J..Lm in diameter, were occasionally 
found in the narrow endoperitrophic space. Some 
un-gemmated spirochaetes occurring in this space 
possessed a protoplasmic cylinder surrounded with 2 
or 3 membranous layers (Figs. 7, 9-10) . Many small 
electron-dense granules and electron-lucent to mode­
rately dense vesicles or blebs were seen in association 
with these atypical forms of the spirochaete (Figs. 
7-10). They measured approximately 0.05-0.15 J..Lm 
in diameter, and were much smaller than a typical 
protoplasmic cylinder of the spirochaete. 

Giant spirochaetes with similar appearance to 
those found in the migut lumen also occurred in the 
wall of the Malpighian tubules (Figs. 11-12). They 
were often observed by TEM and located either in the 
membranous vacuoles in the cytoplasm of epithelial 
cells or in the extracellular spaces between the basal 
membrane infoldings. They had a dimension of 
approximately 0.6-0.8 J..Lm. Their protoplasmic cylin­
ders measured about 0.4-0.6 J..Lm in diameter. The 
flagella were loosely associated with the protoplasmic 
cylinder and diffusely suspended in the highly enlar­
ged periplasmic space between the outer envelope 
and the inner protoplasmic cylinder. 

The infected male nymph was found to harbour a 
large quantity of borreliae in the narrowed endoperi­
trophic space, but not in other organs. The morpho­
logy of these spirochaetes was similar to that of the 
bacteria found in the endoperitrophic space of the 
two systemically infected female nymphs. 

B. burgdorferi in a nymph at day 21 after repletion 

The infected female nymph at day 21 after reple­
tion contained borreliae in every organ. In the midgut 
lumen, where the PM had disappeared, no spirochae­
tes were detected by TEM. The spirochaete number 
in hypodermis, midgut wall, synganglion, Malpi­
ghian tubule epithelium, salivary glands and muscu­
lar tissue in this nymph was obviously lower than that 
in the nymphs examined at day 15 after repletion. In 
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FIG. 7. B. burgdorferi imprisoned in the greatly narrowed endoperitrophic space of a nymph examined at day 15 after repletion. Note the densely 

packed gemmae (open arrows), electron-dense small granules (small arrowheads), electron-lucent to moderately dense vesicles or blebs 
(double small arrows) and a spirochaete having a protoplasmic cylinder surrounded with three membranous layers (small arrow). Within 
the gemmae, the flagella are suspended in the gemma contents (big arrowheads) and some protoplasmic cylinders are enclosed with three 
membranous layers (big arrows). PM peritrophic membrane. Transmission electron micrograph. Bar= 0.5 J.lm. - FIG. 8. Enlarged view of 
one cytoplasmic cylinder with three membranous layers (arrow) in a gemma shown in Fig. 7. F flagella. Transmission electron micrograph. 
Bar= 0.125 J.lm. - FIG. 9. B. burgdorferi imprisoned in the greatly narrowed endoperitrophic space of a nymph examined at day 15 after 
repletion. Note gemmae (open arrows), electron-dense small granules (arrowheads), electron-lucent to moderately dense vesicles or blebs 
(double arrows), and" cytoplasmic cylinders possessing two or three membranous layers in a gemma and in two un-gemmated spirochaetes 
(arrows). Within the gemma( e) (open arrows), the coiled protoplasmic cylinder(s) can clearly be seen and part of the cylinder(s) shows a 
high electron density. The peritrophic membrane (PM) shown in this figure was not well exposed due to the excessive electron contrast 
between the PM and the enclosed spirochaetes. Transmission electron micrograph. Bar= 0.5 J.lm. - FIG. 10. Enlarged view of part of Fig. 
9, demonstrating that one cytoplasmic cylinder (double arrows) in a gemma (open arrow) is enclosed with two membranous layers and two 
spirochaetes (arrows) have a cytoplasmic cylinder with two or three membranous layers. F flagella. Transmission electron micrograph. Bar 
= 0.25 J.lm. 



Fro. 11. Ultra-thin section of the Malpighian tubule tissue from a female nymph examined at day 15 after repletion, showing numerous B. 
burgdorferi (arrowheads) in the epithelium. Note that most spirochaetes (arrowheads) are situated in the electron-lucent spaces between the 
basal plasma membrane infoldings of the epithelial cells. A giant spirochaete (large arrow) is in a membranous vacuole of the host cell, and 
an intracellular spirochaete (small arrow) is just adjacent to the giant spirochaete. B. burgdorferi (double arrowheads) is also seen within the 
muscular-connective tissue surrounding the tubule. BL basal lamina; H hemocoel. Transmission electron micrograph. Bar = I !!ill. -
Fro. 12. Enlarged view of the giant B. burgdorferi (double small arrows) shown in Fig. 11. Note about 16 fiagella (small arrow) in the wide 
space between the outer cell envelope and the inner huge cytoplasmic cylinder. The big arrow indicates the host cell vacuole harbouring the 
giant spirochaete. An intracellular spirochaete (arrowhead) is just adjacent to the giant spirochaete. Transmission electron micrograph. Bar 
= 0.5 !!ill. - Fro. 13. B. burgdorferi (arrowheads) within the ovarian tissue of a nymph examined at day 21 after repletion. Note that 
spirochaetes can be seen in the intercellular spaces between ovarian cells (arrowheads), in the spaces between the basal lamina and the basal 
membrane of ovarian cells (small arrows), and in the extracellular spaces of the connective tissue (double small arrows) surrounding the 
ovary. Also note that single (double arrowheads) or grouped rickettsia-like microorganisms (large arrow) are located in the cytoplasm of the 
ovarian cells. BL basal lamina; C connective tissue; H hemocoel; NO nucleus of the primordial ovarian cell. Transmission electron 
micrograph. Bar = 4 !!ill. 
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fact, in the Malpighian tubule epithelium, only a few 
bacteria were present and giant spirochaetes were 
never detected. In contrast, the ovarian borreliae 
(Fig. 13) were much more abundant than those in the 
female nymphs examined at day 15 after repletion, 
despite the fact that the primordial ovary of this 
nymph was obviously more developed and had 
greatly enlarged. The heaviest spirochetal infection 
was present in the primordial ovary (Fig. 13). Some 
intracellular spirochaetes could be seen in the peri­
pheral region of the primordial ovary. Within other 
tissues, the location of the bacterium was similar to 
that described in the female nymphs at day 15 after 
repletion. 

DISCUSSION 

The present investigations show that, in replete 
nymphal I ricinus, B. burgdorferi is principally loca­
ted in the extracellular sites associated with different 
tick organs, although many spirochaetes can be 
found intracellularly within Malpighian tubule and 
ovarian cells and in the syncytial muscular tissue in 
systemically infected ticks. This confirms that B. bur­
gdorferi is predominantly an extracellular spirochaete 
in its tick vector (BARBOUR & HAYES, 1986). In the 
present study, the ultrastructural location of the bac­
terium within the synganglion tissue has not been 
investigated. However, most spirochaetes detected in 
the synganglion of a starved naturally infected 
female were seen to be intracellular (ZHU, 1995). 
Whether more spirochaetes within synganglion tissue 
are intracellular than in other organs waits the results 
of the investigations in progress. 

Findings so far available show that the PM is impe­
netrable for enveloped microorganisms once it 
condenses and remains structurally intact (STOHLER, 
1961; MEHLHORN, 1988; MILLER & LEHANE, 1993), 
except Babesia microti in I dammini and Plasmodium 
gallinaceum in Aedes aegypti. The former is capable 
of traversing a mature and intact PM due to its 
arrowhead organelle (RUDZINSKA et al., 1982); while 
the latter can penetrate even an abnormally thickened 
PM probably by means of a chitinase (MILLER & 
LEHANE, 1993). A midgut lumen infection of B. bur­
gdorferi seems to be always present in infected unfed 

nymphs and females of both I dammini and I ricinus 
(BENACH et al., 1987; BURGDORFER et al., 1982, 1988; 
ZUNG et al., 1989; ZHU et al., 1992a). During blood­
feeding, numerous spirochaetes were present in both 
the endo- and ectoperitrophic spaces of midgut 
lumen in nymphal I dammini (ZUNG et al., 1989). The 
present investigations demonstrated a great number 
of B. burgdorferi in the midgut lumen, but only in the 
greatly narrowed endoperitrophic space in replete 
nymphal I ricinus examined at day 15 after a non­
infectious blood meal. These findings suggest that 
pre-feeding spirochaetes can persist in both the endo­
and ectoperitrophic spaces when the PM occurs, and 
that the spirochaetes present in the ectoperitrophic 
space during blood-feeding could become systemic 
during and/or after blood-feeding. In addition, these 
findings also indicate that spirochaetes can persist in 
the endoperitrophic space of replete nymphs and can 
be concentrated in this space when the PM atrophies. 
The presence of borreliae exclusively in the narrow 
endoperitrophic space of a male nymph examined at 
day 15 after repletion suggests that all pre-feeding 
midgut lumen spirochaetes may be enclosed in this 
space once the PM occurs and condenses, and the PM 
may act as a real barrier preventing B. burgdorferi 
from penetrating the midgut epithelium. 

Although Spirochaeta duttoni was reported to be 
able to form gemmae in the gut epithelium of its 
vector Ornithodoros moubata after being ingested 
(DUTTON & TODD, 1907) and empty gemmae of B. 
burgdorferi were described in the ovarian lumen of a 
female I dammini (BURGDORFER & HA YES, 1989), our 
present histological and ultrastructural investiga­
tions demonstrated a large number of gemmae of the 
spirochaete only in the greatly narrowed endoperitro­
phic space in replete nymphal I ricinus. Gemma-like 
borreliae with multiple protoplasmic cylinders were 
found in the midgut lumen of starved I dammini 
nymphs (ZuNG et al., 1989) and starved and blood­
feeding I ricinus nymphs (LEBET et al., personal com­
munication; ZHU, 1995). Therefore, gemmae of B. 
burgdorferi might occur in the midgut lumen not only 
of moulting ticks but also of starved and blood­
feeding nymphs. These gemmae may be then concen­
trated in the narrowed endoperitrophic space due to 
the shrinkage of the PM during atrophy, and a high 
concentration of gemmae may occur, as is shown in 
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the present study. If this is the case, the atrophying 
PM may play a role in gathering gemmae and other 
forms of B. burgdorferi. Another explanation is that, 
with the exhaustion of the ingested food (BALASHOV, 
1968) and the rapid reduction of the endoperitrophic 
space, the conditions in this space may become no 
longer suitable for spirochaetes to develop and the 
concentration of the spirochaetes becomes too high 
in many small endoperitrophic spaces. Adverse chan­
ges in the spirochaete's environment might strongly 
induce gemma formation (PILLOT et al., 1964). 
Thus, the majority of the gemmae found in the nar­
rowed endoperitrophic spaces in the midgut of the 
moulting nymphs might occur during the atrophy of 
the PM. 

Gemma forms of spirochaetes were considered 
either to be involved in spirochetal reproduction 
(DUTTON & TODD, 1907; HINDLE, 1911; HAMP, 1950; 
DELAMATER et al., 1951 ), or to be simply degenerative 
products (KLEINE&ECKARD, 1913; WITTROCK, 1913; 
FENG & CHANG, 1936; BURGDORFER, 1951; KLEINE & 
KRAUSE, 1983). The chromatin bodies within gem­
mae of Spirochaeta duttoni were considered to be the 
primordia of the new spirochetal generation (DuT­
TON & Tonn, 1907). Recently, BuRGDORFER & HA YES 
(1989) found genetic material in the form of linear 
and circular plasmids in gemmae and blebs of in vitro 
cultured B. burgdorferi. Nevertheless, they observed 
no evidence that chromatin bodies produce a new 
generation of spirochaetes. They suggested that these 
gemmae or blebs may play a role in the storage and/or 
in the exchange of genetic material. In our present 
investigations, we failed to find chromatin bodies 
within gemmae, despite an extensive TEM observa­
tions. The huge protoplasmic cylinders were present 
either as one of several cylinders in a section of a 
gemma, or as one single cylinder of a giant spiro­
chaete present in the endoperitrophic space or Mal­
pighian tubule epithelium. The protoplasmic cylin­
ders surrounded by two or three membranous layers 
were present only in the endoperitrophic space and 
have never been reported before. They occurred either 
as one or several cylinders in a gemma section or as 
one only cylinder of an un-gemmated spirochaete. 
The function of these unusual spirochaetes and the 
relationship between these atypical forms remains 
obscure. 

Recently, spherical bodies similar in appearance to 
the gemmae observed in our present investigations 
were reported in in vitro cultured human oral spiro­
chaete strains of Treponema denticola (W ALF et al., 

1993). The close resemblance of the atypical spiro­
chaetes observed in these two different spirochaete 
species belonging to two deeply branching groups 
(PASTER et al., 1991) provides additional evidence 
that gemmae or spherical bodies may represent a 
form of spirochaetes generally occurring under cer­
tain in vitro or in vivo environmental conditions (BuR­
GDORFER & HA YES, 1989). W ALF et al. (1993) thought 
the spherical bodies of Treponema denticola to be the 
surviving form of the spirochaete. Our present study 
showed that in the systemically infected nymph at day 
21 after repletion, any form of B. burgdorferiwas not 
detected in the midgut lumen, in which the PM had 
disappeared. Presumably spirochaetes occur in the 
endoperitrophic space of this systemically infected 
tick before the disappearance of the PM, as was 
found in all three infected nymphs at day 15 after 
repletion. The gemmae and other forms of the bacte­
rium may have disintegrated and disappeared 
together with the atrophied PM, or the organisms 
that survived the PM disintegration may have passed 
through the midgut epithelium and entered various 
tick tissues. Alternatively, the surviving bacteria were 
too few to be detected in the lumen by TEM. These 
questions need further investigation. 

The present investigation showed that spirochaetes 
in various organs, except in the primordial ovary, 
were much more abundant in nymphs at day 15 after 
repletion than at day 21 after repletion. The diffe­
rence of the spirochaete number in midgut lumens 
and Malpighian tubules between these ticks was par­
ticularly great. Indeed, borreliae had completely 
disappeared from the midgut lumen of the nymph at 
day 21 after repletion. In contrast, spirochaetes were 
much more abundant in the ovarian primordium of 
the 21-day nymph even though the organ had consi­
derably enlarged (ZHu et al., 1992). Because the num­
ber of the infected ticks in the present investigation 
was limited, it is uncertain whether Borrelia burgdor­
feri growth in the ovarian primordia of replete nym­
phs is delayed. 

The number of spirochaetes in haemolymph was 
very limited. This confirms previous observations 



(BENACH et al., 1987; BURGDORFER, 1989; GERN et al., 
1990). The detection of spirochaetes in the phagocy­
tic vacuoles within the type II granulocytes suggests 
that phagocytosis may be one of the factors limiting 
the spirochaete number in the haemolymph. Howe­
ver, it appears that the phagocytosis by haemocytes 
can not destroy all haemolymph spirochaetes and 
prevent the bacteria from invading the organs contai­
ned in the haemocoel. 

A 10-fold decrease in the spirochaete number was 
observed as I. dammini nymphs moulted to adults 
(PIESMAN et al., 1990). Nevertheless, the nymph-adult 
transition of B. burgdorferi does occur both in nature 
and in thelaboratory(BuRGDORFERetal. , 1983; 1985; 
1988; MONIN et al., 1989; GERN et al., 1990). In fact, 
in naturally infected unfed adults, 3.9% of I. dammini 
(BURGDORFER et al., 1988), 5.4% of!. ricinus (BUR­
GDORFER et al., 1983) and 32% of I. pacificus (BUR­
GDORFER et al., 1985) were found to be systemically 
infected. The detection of numerous spirochaetes 
within various organs of moulting nymphs, especially 
in synganglion and primordial ovary suggests that, 
the systemic infection of unfed adults may be realized 
by inheriting spirochaetes from their corresponding 
moulting nymphal organs (BURGDORFER et al., 1988). 
In moulting ticks, ectodermal derivatives and certain 
muscle groups undergo histolysis, and salivary acini 
are completely replaced, but most tick organs change 
gradually throughout the tick's life-span (BALASHOV, 
1968, 1979; 0BENCHAIN & GALUN, 1982; HooGs­
TRAAL, 1985). This characteristic of tick moulting is 
in favour of above hypothesis. 
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