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ABSTRACT 

Lebet, N. and Gem, L., 1994. Histological examination ofBorrelia burgdorferi infections in unfed 
Ixodes ricinus nymphs. Exp. App. Acarol., 18: 177-183. 

Borrelia burgdorferi, the agent of Lyme borreliosis, is vectored in Europe by Ixodes ricinus. In unfed 
ticks, the spirochaete resides primarily in the midgut, but a low percentage (5.5%; 4/73) of naturally 
infected ticks may present a systemic infection involving organs such as the salivary glands and 
central ganglion (Burgdorfer et al., 1983). 

In this study, we examined 79 unfed nymphs collected in two sites in Switzerland (Neuchfitel and 
Aarberg), and 35 unfed nymphs which were fed as uninfected larvae on 3 infected Apodemus 
sylvaticus mice. Dieterle silver staining was used to visualize the spirochaetes in the ticks. 

Of the unfed field-collected nymphs, 21/79 (27%) were infected of which 2/21 (10%) had 
systemic infections. Taking account of the site of collection, we observed that 0/12 ticks from 
Neuch~tel were systemically infected whereas 2/9 (22%) from Aarberg had a disseminated infection. 
Out of the 35 unfed nymphs examined after an infectious blood meal on rodents, 14 (40%) were 
infected and 2 (14%) had a disseminated infection. 

A total of 4/35 (11%) unfed infected nymphs presented a systemic infection which represents a 
higher percentage than previously described. The presence of spirochaetes in salivary glands of 
systemically infected ticks before the initiation of feeding may reduce the time delay generally 
recorded for the tick-borne transmission ofB. burgdorferi. 

INTRODUCTION 

Since Borrelia burgdorferi, the etiologic agent  o f  L y m e  borreliosis,  was first 
described in Ixodes dammini ( renamed I. scapularis (Oliver  et al., 1993)) f rom 
Shelter Island, New York (USA) (Burgdorfer  et al., 1982) and I. ricinus f rom the 
Staatswald forest, near Ins (Canton Bern, Switzerland) (Burgdorfer  et al., 1983), 
the association between the spirochaete and its tick vectors has been  extensively 
studied. In unfed ticks, the spirochaete is generally l imited to the midgut  tissues 
o f  mos t  infected ticks (Benach et al., 1987, Burgdorfer  et aL 1988, Burgdorfer  
et al., 1989, Zung et al., 1989, G e m  et al., 1990). Nevertheless,  spirochaetes may  
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penetrate the gm wall to initiate and maintain a generalized infection since a 
small percentage of unfed I. scapularis adults (3.9%) (Burgdorfer et al., 1988) and 
L ricinus adults (5.5%) (Burgdorfer et al., 1983) may harbor a systemic infection. 

Histological studies of B. burgdorferi in immature tick stages are rare, despite 
the fact that nymphs are probably the most important transmitters ofB. burgdorferi 
to humans. The presence of spirochaetes in salivary glands of ticks before the start 
of the blood feeding may have implications for transmission given that B.burg- 
dorferi is transmitted via tick saliva (Ribeiro et al., 1987, Zung et al., 1989, Monin 
et al., 1989, Gem et al.,1990). Zung et al. (1989) observed systemic infection of 
unfed I. scapularis nymphs but did not report the frequency. 

The purpose of the present study was to investigate histologically the localization 
of spirochaetes in unfed field-collected and laboratory infected L ricinus nymphs 
and to evaluate the frequency of systemic infections. 

MATERIALS AND METHODS 

Ticks 
I. ricinus nymphs were collected by flagging vegetation in two sites on the Swiss 
Plateau: Bois de l'Htpital forest close to Neuchfitel (Canton of Neuch~tel) (n=56) 
in May 1990, 1991 and 1992 and Karoline forest around Aarberg (Canton of Bern) 
(n=23), in May 1992. 

Additionally, uninfected I. ricinus larvae from a laboratory colony bred at the 
Institut de Zoologie (Neuchfitel) according to the methods described by Graf 
(1978), were fed on 3 B. burgdorferi infected Apodemus sylvaticus (nos. G210, 
G149 and G185) captured in the Staatswaid forest (Humair et al., 1993). This tick 
colony has been shown to be flee of spirochaete infection by successive controls 
using direct immunofluorescence test (Gem et aL, 1992). Engorged larvae were 
maintained at room temperature and saturated humidity following repletion. After 
molting to the nymphal stage, the ticks were prepared for histology 4 months after 
the infectious blood meal. 

Detection o f  spirochaetes 
For histology, ticks were fixed in a 10% formaldehyde solution (extra pure) in 
phosphate buffered saline pH 7.4. To facilitate rapid penetration of the fixative, tick 
legs were removed and a cut was made on the side of the tick body. Dissections 
were carried out in cold phosphate buffered 3.5% formaldehyde, pH 7.4, at 4~ 
In addition, a prolonged time (overnight) for fixation and infiltration at 4~ in flesh 
fixative was necessary. 

Ticks were dehydrated in alcohol, cleaned with chloroform, incubated in 
paraffin and finally embedded in fresh paraffin at 58-60~ 

The embedded ticks were sectioned at a thickness of 8 Ixm using a microtome 
(E. Leitz, Wetzlar). Paraffin sections were then deparaffinized with xylol and 
alcohol, and stained using modified Dieterle silver stain according to the methods 
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described by Van Orden and Greer (1977) ,and Gem et al. (1990). All serial tick 
sections were examined; spirochaetes stain dark brown and the background stains 
yellow to light tan. 

R E S U L T S  

Of the 56 L ricinus nymphs collected in Neuchfitel, 12 (22%) were infected by 
spirochaetes, which were limited to the midgut (Table 1). 

In Aarberg, 23 ticks were investigated and 9 (39%) harboured spirochaetes 
(Table 1); two of them (22%) were systemically infected. In one nymph, 
spirochaetes were found in high numbers in the midgut, the central and peripheral 
regions of the synganglion (Figure 1), the hypodermis, the salivary glands 
(agranular (type I) acini and glandular salivary acini); they were present in lower 
numbers in muscles. The synganglion was highly infected with up to 50 
spirochaetes per section (Figure 1). In the second tick, borreliae were observed in 
the midgut, the synganglion, the agranular and glandular salivary acini and in the 
muscles (Figure 2), but the spirochaete density was lower than in the previous tick 
in organs other than midgut. 

The infection status of the ticks which fed as larvae on infected field captured 
Apodemus mice is presented on table 1. A total of 35 ticks were examined and 
14 (40%) were infected, two of which (14%) presented systemic infections. In the 
systemically infected tick fed on animal number G210, high numbers of 
spirochaetes were found in the midgut, and lower numbers in the hypodermis and 
salivary glands, whereas in the systemically infected nymph fed on animal 
number G185, the infection was only present in the midgut (high density of 
spirochaetes) and in the salivary glands, where the infection level was low. 

Three out of four (75%) I. ricinus nymphs which fed as larvae on the rodent 

T A B L E  1 

Frequency of B. burgdorferi infection in unfed L ricinus nymphs (n=114). 

Infection degree 
Infected ticks/ Systemic infection/ in the midgut 

Tick origin collected ticks infected ticks + ++ +++ 

Neuch~tel 12/56 (22%) 0/12 6 4 2 
Aarberg 9/23 (39%) 2/9 (22%) 4 2 1 + 2* 
G210 8/26 (31%) 1/8 (12%) 6 1 1" 
G149 3/4 0/3 1 0 2 
G185 3/5 1/3 1 1 1" 

* Ticks presenting a systemic infection. 
+: Moderate degree of infection: ~ 1-20 spirochaetes/tick. 
++: Mild degree of infection: ~21-100 spirochaetes/tick. 
+++: High degree of infection: > 101 spirochaetes/tick. 
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Fig. 1. B. burgdotferi (arrows) diffusely distributed in the synganglion of an unfed I. ricintfs nymph 
from Aarberg. N: neuropile region: P: perikaryo-region; C: cuticle; M: muscle. Dieterle silver stain. 
• 

Figure 2: B. burgdolferi (arrows) in the muscle (M) of an unfed I. ricinus nymph from Aarberg. C: 
cuticle. Dieterle silver stain. • 
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G149 were infected, all of which presented an infection limited to the midgut; the 
infection was at high levels in two of them. 

In many infected ticks (18/35; 51%), the number of borreliae in the midgut was 
low (table 1). In contrast, all ticks having disseminated infections, had high 
numbers of B. burgdorferi in the midgut, and the salivary glands always harboured 
spirochaetes. 

DISCUSSION 

In unfed nymphal and adult L scapularis and L ricinus adults, spirochaetes are 
generally confined to the midgut (Burgdorfer et al., 1983, 1988, Benach et al., 1987, 
Zung et al., 1989, Gem et al., 1990). In this study, we have shown that unfed field- 
collected nymphal L ricinus may present generalized infections involving various 
tick organs such as the midgut, salivary glands,'synganglion, muscles and 
hypodermis. Four out of 35 (11%) infected nymphs presented such infections, 
which represents a much higher percentage than the 5.5% (4/73) previously 
described for I. ricinus adult ticks (Burgdorfer et al., 1983). In the systemically 
infected nymphs examined in this study, spirochaetes were always observed in the 
salivary glands although their number varied. 

The salivary route of B. burgdorferi transmission is now generally accepted for 
L scapularis and L ricinus. Spirochaetes were observed in salivary glands two or 
three days after tick attachment in I. scapularis and L ricinus sections (Zung et al., 
1989, Monin et al., 1987, Gem et al., 1990), and in I. scapularis saliva (Ribeiro 
et al., 1987). Prompt removal of ticks reduces the risk of transmission of B. burg- 
dorferi by L scapularis (Piesman et al., 1987; 1991; Piesman 1993; Shih and 
Spielman, 1993). Implied delay in transmission appears to resultfrom the time it 
takes for the spirochaetes to disseminate from the midgut, through hemolymph to 
the salivary glands. The presence of borreliae in salivary glands of systemically 
infected ticks before the commencement of feeding may greatly reduce this delay. 

We observed that the number of B. burgdorferi in L ricinus nymphs was 
relatively low, 18/35 (51%) infected ticks harbouring less than 20 spirochaetes/tick. 
Similar results were obtained for nymphal and adult L ricinus collected in 
southern Moravia (Hubalek et al., 1991), the United Kingdom (Livesley et al., in 
press), and in I. ricinus nymphs which were infected as larvae on Apodemus mice 
(Gem et al., in press). In a recent study, Piesman (1993) suggested that the 
spirochaetal burden in unfed ticks may be too low to infect the hosts and that ~2-3 
days are necessary for the spirochaetes to reach a sufficient number to infect the 
host. Interestingly in this study all systemically infected ticks presented very high 
levels of infection in their midgut. Benach et al. (1987) and Gem et al. (1990) 
reported that in systemically infected L scapularis and L ricinus adults, B. burg- 
dorferi, although abundant in the midgut, usually established a mild infection in 
other tissues. Here, we found a great number of spirochaetes in synganglion and 
salivary glands of the two systemically infected nymphs from Aarberg. The 
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spirochaetal burden of  nymphs fed on rodents G210 and G 149 was notably differ- 
ent: most of  the G210-derived nymphs presented a low degree of  infection whereas 
the G149-derived nymphs contained a great number of  spirochaetes. The strains 
infecting these small mammals (Gem et aL, in press) and the various strains infect- 
ing ticks in Aarberg and Neuch~tel (Hu et al., in press) may partly explain why 
some ticks have higher levels of  infection than others. Other unknown reasons 
related to individual rodents may also play a role. 

Zung et al. (1989) assumed that systemic infection in unfed L scapularis nymphs 
was related to the age of  the ticks or to an inherited infection due to transovarially 
transmitted spirochaetes. Our results suggest that systemic infection is not related 
to age since all the ticks fed on rodents had an infectious blood meal 4 months prior 
examination. Moreover, our study supports the fact that disseminated infections in 
unfed nymphs are not dependent on a previous infection resulting from transovar- 
ially transmitted spirochaetes in the unfed larvae since larvae which were fed on 
infected rodents were from our breeding colony which is free of  spirochaetes. 

The proportion of  systemically infected ticks and their degree of  infection 
differ in each group of  ticks, and the geographic origin as well as the strains of  B. 
burgdorferi seem to be important factors influencing the presence of  spirochaetes 
in more than one organ, although the number of  systemically infected ticks exam- 
ined in this study was not very high. 

ACKNOWLEDGMENTS 

We would like to thank C.M. HU, B. HU and Z. ZHU for the collected ticks and 
P. Nuttall for her comments. 

REFERENCES 

Benach, J.L., Coleman, J.L., Skinner, R.A. and Bosler, E.M., 1987. Adult Ixodes dammini on 
rabbits: a hypothesis for the development and transmission ofBorre/ia burgdorferi. J. Infect. Dis., 
155: 1300-1306. 

Burgdorfer, W., Hayes, S.F.and Benach, J.L., 1988. Development ofBorrelia burgdorferi in Ixodid 
tick vectors. Ann. NY Acad. Sci., 539: 172-179. 

Burgdorfer, W., Hayes, S.F.and Corwin, D., 1989. Pathophysiology of the Lyme disease spirochete, 
Borrelia burgdorferi, in ixodid ticks. Rev. Infect. Dis., 110: 1442-1450. 

Burgdorfer, W., Barbour, A.G., Hayes, S.F., Prter, O. and Aeschlimann, A., 1983. Erythema 
chronicum migrans: a tick-borne spirochetosis. Acta Trop., 40: 79-83. 

Burgdorfer, W., Barbour, A.G., Hayes, S.F., Benach, J.L., Grunwaldt, E. and Davis, J.P., 1982. Lyme 
disease - a tick-borne spirochetosis? Science, 216: 1317-1319. 

Gem, L., Siegenthaler, M., Hu, C.M., Leuba-Garcia, S., Humair, P.F. and Moret, J. Borrelia burg- 
dorferi in rodents (Apodemus flavicollis and A. sylvaticus): duration and enhancement of 
infectivity for Ixodes ricinus ticks. European J. Epidemiol. In press. 

Gem, L., Toutoungi, L.A., Hu, C.M. and Aeschlimann, A., 1992. Ixodes hexagonus, an efficient 
vector of Borrelia burgdorferi in the laboratory. Med. Vet. Entomol., 5:431-435. 

Gem, L., Zhu, Z. and Aeschlimann, A., 1990. Development of Borre/ia b,~rgdorferi in lxodes 
ricinus during blood feeding. Ann. Paras. Hum. Comp., 65: 89-93. 



HISTOLOGICAL EXAMINATION OF BORRELIA BURGDORFERI INFECTIONS 183 

Graf J.F., 1978. Copulation, nutrition et ponte chez Ixodes ricinus L. (Ixodoidea: Ixodidae)-l~re 
pattie. Bull. Soc. Entomol. suisse 51: 89-97. 

Hu, C.M., Leuba-Garcia, S., Aeschlimann, A., Kramer M.D. and Gem L. Comparison in the immuno- 
logical properties ofBorrelia burgdorferi isolates from lxodes ricinus derived from three endemic 
areas in Switzerland. Epidemiol. Infect. In press. 

Humair, P.F., Turrian, N., Aeschlimann, A. and Gem, L., 1993. Borrelia burgdorferi in a focus of 
Lyme borreliosis: epizootiologic contribution of small mammals. Folia Parasitol. 40: 65-70. 

Hubalek, Z., Halouzka, J. and Juricova, Z.A., 1991. A comparison of the occurrence of Borreliae in 
nymphal and adult Ixodes ricinus ticks. Zbl. Bakt., 275: 133-137. 

Livesley, M.A., Carey, D., Gem, L. and Nuttall, P.A. Problems of isolating Borrelia burgdorferi from 
ticks collected in United Kingdom loci of Lyme disease. Med. Vet. Ent. In press. 

Monin, R., Gem, L. and Aeschlimann, A., 1989. A study of the different modes of transmission of 
Borrelia burgdorferi by Ixodes ricinus. Zbl. Bakt. Suppl. 18: 14-20. 

Oliver, J.H., Owsley, M.R., Hutcheson, H.J., James, A.M., Chen, C., Irby, W.S., Dotson, E.M. and 
Mclain, D.K., 1993. Conspecificity of the ticks Ixodes scapularis and 1. dammini (Acari: 
Ixodidae). J. Med. Entomol., 30:54--63. 

Piesman, J., Mather, T.N., Sinsky, R.J. and Spielman, A., 1987. Duration of tick attachment and 
Borrelia burgdorferi transmission. J. Clin. Microbiol., 25: 557-558. 

Piesman, J., Maupin, G.O., Campos, E.G. and Happ, CM., 1991. Duration of adult female Ixodes 
dammini attachment and transmission of Borrelia burgdorferi, with description of a needle 
aspiration method. J. Infect. Dis., 163: 895-897. 

Piesman, J. 1993. Dynamics ofBorrelia burgdorferi transmission by nymphal lxodes dammini ticks. 
J. Infect. Dis., 167: 1082-1085. 

Ribeiro, J.M.C:, Mather, T.N:, Piesman, J. and Spielman, A., 1987. Dissemination and salivary 
delivery of Lyme disease spirochetes in vector ticks (Acari: Ixodidae). J. Med. Entomol., 24: 
201-205. 

Shih, C.M. and Spielman, A., 1993. Accelerated transmission of Lyme disease spirochetes by 
partiaUy fed vector ticks. J. Clin. Microbiol., 32:2878-2881. 

Van Orden, A.E. and Greer, P.W., 1977. Modification of Dieterle spirochete stain. J. Hist.,l: 51-53. 
Zung, J.L., Lewengrub, S., Rudzinska, M.A., Spielman, A., Telford, S.R. and Piesman, J., 1989. Fine 

structural evidence for the penetration of the Lyme disease spirochete Borrelia burgdorferi through 
the gut and salivary tissues oflxodes dammini. Can. J. Zool., 67: 1737-1748. 


