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Introduction: 
 

In the beginning of the 20th century intensive research was conducted on a group of 

microorganisms, today known as Rickettsiae that could be characterised as small, 

intracellular, uncultivable rods and seemed to be in connection with infectious diseases often 

fatal for human, like epidemic typhus and Rocky Mountain spotted fever. 

Henrique Da Rocha Lima first mentioned the name Rickettsia and described the type species 

Rickettsia prowazekii and the type genus Rickettsia in 1916 (Da Rocha Lima, 1916), in 

honour of Ricketts and von Provazek who both died during their experiments. 

Few years later Simeon Burt Wolbach (1880-1954) at the Harvard Medical School in Boston 

described Dermacentroxenus rickettsii Wolbach 1919 today known as Rickettsia rickettsii 

(Wolbach, 1919) Brumpt 1922 a species in the Spotted Fever Group causing the severe 

human disease Rocky Mountain spotted fever transmitted to humans by the Dermacentor 

wood ticks (Wolbach, 1919) and a second species Dermacentroxenus typhi Wolbach and 

Todd 1920, later renamed to Rickettsia typhi (Wolbach and Todd 1920) Philip 1943 (Wolbach 

and Todd, 1920) causing endemic or murine typhus. 

Wolbach not only investigated medical aspects of these diseases but also studied etiology and 

vector biology of rickettsiae, monitoring the presence of rickettsia-like microorganisms 

(RLOs) in natural populations of blood-sucking insects like mosquitos and ticks as potential 

vectors for rickettsial diseases (Hertig and Wolbach, 1924) together with medical 

entomologist Marshall Hertig (1893-1978). 

In 1936 Hertig described a new genus and new species of rickettsiae in honour of Wolbach, 

with one type species Wolbachia pipientis Hertig 1936 based on morphology of the bacteria 

found in microscopic cuts of ovaries of the northern house mosquitos Culex pipiens Linnaeus 

1758 (Hertig, 1936). Since no connection could be established between Wolbachia and any 

human disease and no strains could be isolated with the methods of classical microbiology 

Wolbachia became a sleeping beauty of bacteriology until the dawn of the age of molecular 

microbiology. 

 

 



Objectives: 
 

Our group investigated faecal microbiota (Marialiget et al, 1985) of isopods and diplopods by 

classic microbiological methods and also introduced molecular microbiology techniques 

(Oravecz et al, 2002) and polyphasic approach for the enumeration of the members of the gut 

microbiota. 

The first project was established to evaluate the status of Wolbachia infection as the causative 

agent of parthenogenesis or other sex ration distortion phenomena among the members of 

terrestrial invertebrate macrofauna (Isopoda, Diplopoda) of hungarian decidous forests. 

Wolbachia are uncultivable, intracellular rickettsial bacteria common in arthropods therefore a 

molecular taxonomic approach was used. 

 

The second study developed from the investigation of filarial nematodes causing ocular 

Onchocerciasis in dogs in our country, but also. Morphological traits showed that this species 

is distinct from all other regular Onchocerca spp we could consider. To confirm the 

taxonomic status of this species molecular taxonomic approach was used, using 2 markers  

(5S spacer and COI gene) for the host and 3 markers (16S rDNA ftsZ and wsp) for the 

symbiont partner. 

 

Materials and methods 

 
Diplopods and isopods were collected in Hungary in deciduous forests at two distant locations 

near Tatabánya and Dunasziget. The specimens were conserved in 96% ethanol.  

Dogs were checked and operated by local veterinary in an area called Sz dliget, located on 

the Danube shore, an ideal spot for mosquitoes and gnats spreading the infection. Nodules and 

nematode parts were divided in two and prepared for electron microscopy and for DNA 

analysis. 

Microscopy: 

Halves of worm nodules were immediately submerged in cold 0.2% glutaraldehyde and 4% 

paraformaldehyde solution in 0.1M Millonig’s phosphate buffer, pH 7.4 for 24 h. The fixed 

tissues were washed with buffer–sucrose solution over a period of 24 h, postfixed in 1% 

osmium tetroxid in Millonig’s buffer for 6 h, dehydrated in graded series of ethanol, and 

imbedded in Durcupan (Fluka AG, Buchs, Switzerland). Blocks were cut with a glass knife on 



a Reichert ultramicrotome (Reichert, Vienna, Austria). The sections were stained with uranyl 

acetate, followed by lead citrate, and the cross-sections of adults and in utero microfilariae 

were examined for the presence of wolbachiae in a JEOL JEM-100S (JEOL, Peabody, MA) 

electron microscope. 

 

DNA methods: 

DNA isolation was performed as described in Rainey et al, 1992, except, that animals were 

first homogenised in liquid nitrogen. A nested PCR technique was designed to amplify the 

16S rDNA of Wolbachia. In the first step universal eubacterial primers (63f and 1387r) were 

used. In the second step the product of the first reaction was amplified with Wolbachia 

specific primers (76f and 1012r) described in (O’Neill, 2002). For positive reactions, the 

presence of Wolbachia was confirmed by sequencing. PCR reactions were carried out in 50 l 

reaction mixtures using PCR buffer, 200 M of each dNTP, 0.5 g l–1 of each primer, 50 ng 

of template DNA and 2 U Taq (GERON). The Gene Amp PCR System 2400 (Applied 

Biosystems) was programmed as follows: 98 °C 3 min, then 28 cycles consisting of 94 °C 30 

s, 52 °C 30 s, 72 °C 1min and with a final extension at 72 °C 7 min. PCR products were 

checked by agarose gel electrophoresis, then purified with the Prep-A-Gene kit (Bio-Rad). An 

almost 900 bp long fragment was sequenced with the 357f and the 531r primers using the Big 

Dye Terminator Cycle Sequencing Kit with Ampli Taq DNA Polymerase (Applied 

Biosystems) as recommended by the manufacturer. The sequences were determined by ABI 

PRISM 310 Genetic Analyser (Applied Biosystems).Sequence alignment, multiple sequence 

comparison, phylogenetic analysis and dendrogram construction with the neighbour joining 

method was performed using the ARB programme package. All sequence data are accessible 

in the EMBL Nucleotide Sequence Database, individual accession numbers are included in 

the phylogenetic tree. This procedure was also used to prepare nematode material as well. 

 

Results 

 
Forty-five isopod specimens belonging to eight species collected at two different sites were 

investigated. Wolbachia infection was detected in all the woodlice species tested. Almost all 

the animals were infected, indicating that the prevalence of infection was extremely high. 

Both females and males were infected. The presence of Wolbachia infection was detected for 

the first time in the following terrestrial isopod species: Hyloniscus riparius, 



Trachelipusrathkii and Trachelipus ratzeburgii. Phylogenetic analysis demonstrated that 

Hungarian Wolbachia clones isolated from isopods do not group together in one cluster. Most 

of them are dispersed among other arthropod-borne Wolbachia clones and only two of them 

group with earlier published isopod-originated sequences. In spite of the high sensitivity of 

the nested PCR method, no infection was detected among the 41 diplopod specimens 

belonging to four species: Glomeris hexasticha Brandt, 1833; Cylindroiulus boleti (C.L. 

Koch, 1847); Unciger foetidus (C.L. Koch, 1838); Polydesmus complanatus (Linnaeus, 

1761).  

 

Wolbachia-like endobacteria were also detected in the adult males and females and in utero 

microfilariae of O. lupi (Figs. 2 and 3). Wolbachiae were located generally as clusters in the 

hypodermal cells of the lateral chord of adults and microfilariae. No structural changes could 

be observed in the cell organelles of infected cells. Endobacteria could not be observed in all 

cross-sections of adults and microfilariae, which might be explained by the uneven 

distribution of wolbachiae within the host nematodes. The bacterial entities were generally 

round or spherical (0.6–0.8 _m in diameter), sometimes elongate (up to 1.8_m in length), all 

of which occur in the cytoplasm within a membrane-bound vacuole (Figs. 2 and 3). Each 

vacuole contained only one organism. Bacteria were surrounded with characteristic double 

membrane (Fig. 1B). The bacteria of O. lupi resemble in location, size, and morphology the 

wolbachiae found in other filariae (Taylor and Horeauf, 1999). The presence of wolbachiae in 

O. lupiwas also confirmed by PCR amplification of the 16S rDNAofwolbachiae. The 16S 

rDNA-based phylogenetic analysis revealed that the endosymbionts of O. lupi infecting dogs 

belong to the supergroup C of Wolbachia pipientis and are not identical with those of other 

Onchocerca spp. sequenced so far. The endobacteria of O. lupi infecting dogs were placed in 

the middle of the Onchocerca group by all three phylogenetic methods (Fig. 1; data not 

shown), which is not completely in line with the results of the earlier morphologic analysis of 

Onchocerca spp. (Egyed et al., 2001). It might be attributed to the slow evolutionary rate of 

16S rDNA. As 16S rDNA is not suitable to resolve fine-scalephylogeny of Wolbachia strains, 

further studies involving other more polymorphic gene sequences of O. lupi and its 

wolbachiae are needed for the clarification of the phylogeny of this parasite. Several research 

projects on the influence of Wolbachia on filarial nematodes, the molecular basis of the 

symbiosis, the role of Wolbachia in the pathogenesis of filarial diseases, and the use of 

antibiotics in the control of filarial nematodes are in progress (Taylor et al., 2000, 2001; Bandi 

et al., 2001). Since O. lupi harbors these endosymbionts, canine ocular onchocercosis may 



provide a useful experimental model for such studies. To date, the only known treatment of 

ocular onchocercosis is the surgical removal of the nodules containing the worms. However, 

developmental stages located in periocular tissues and other parts of the body may survive 

and cause relapse. Moreover, Onchocerca microfilariae are long-lived and infected dogs 

provide a source of infection of vectors for several months after surgical removal of nodules. 

Therefore, dogs should be treated with a macro- and micro-filaricid drug. Although 

ivermectin and diethylcarbamazine are effective against Onchocerca microfilariae (Trees et 

al., 2000), they are ineffective against adults and can be toxic for dogs (Georgi and Georgi, 

1992). It was recently demonstrated that Wolbachia bacteria living in some if not all 

Onchocerca spp. are obligatory symbionts of their hosts (Horeauf et al., 2000, 2001; Taylor et 

al., 2000), and these endosymbiotic bacteria are also present in O. lupi. Some antibiotics were 

shown to have adulticid and microfilaricid activity and to sterilize female worms by depletion 

of Wolbachia endosymbionts (Horeauf et al., 2000, 2001; Langworthy et al., 2000; Trees et 

al., 2000). Intermittent intramuscular treatment with long-acting oxytetracycline injections 

completely eliminated O. ochengi infections from cattle and led to resolution of worm 

nodules (Langworthy et al., 2000). A similar treatment regimen may offer an alternative of 

ivermectin or diethylcarbamazine in the suppression of postoperative microfilaridermia in 

dogs and may prevent relapse as well as block transmission. 

Four phylogenetic analyses have now been conducted for O. lupi and its Wolbachia: for the 

mitochondrial COI gene of the nematodes, and for the 16S rDNA, the ftsZ, and the wsp genes 

of their endosymbionts. Amongst the Wolbachia genes, the 16S rDNA gene has the slowest 

evolutionary rate. Consequently, it is not suitable to resolve fine-scale phylogeny of 

Wolbachia strains. The ftsZ gene shows greater divergence, and the wsp gene is the fastest 

evolving gene sequenced in these analyses, as it is a single copy gene coding for an outer 

membrane protein of wolbachiae. O. ochengi and O. volvulus were clustered as sister taxa in 

all phylogenetic trees constructed for the COI, 16S rDNA, ftsZ, and wsp genes. This is in 

agreement with the geographical distribution, the organ location, and the morphology of these 

parasites, as both O. ochengi and O. volvulus species occur in Africa, and live as adult worms 

in nodules located in the dermis and subcutaneous tissues of bovines and primates, 

respectively, and the morphological differences are slight. O. gibsoni occurs in Asia and 

Australia in subcutaneous nodules of bovines, whereas O. gutturosa is located in connective 

tissues associated with the nuchal ligament of cattle in Europe and North America. In the 

phylogenetic trees, O. gutturosawas clustered as a sister taxon to O. gibsoni or as basal to the 

clade comprising O. gibsoni, O. volvulus, and O.ochengi. Although they share the same host 



species, their morphology, organ location, and geographical distribution are different. O. lupi, 

responsible for canine ocular onchocercosis in Europe and North America seems to be clearly 

separated from the other four Onchocerca species, as it is indicated in all phylogenetic 

analyses. This corresponds well with its unique morphology, organ location, and host range 

within the Onchocerca genus. 

In conclusion, the phylogenetic trees obtained for COI sequences of filarial nematodes and 

wsp and ftsZ sequences of theirWolbachia suggest that O. lupi separated from the other 

Onchocerca spp. early in the evolution. This is in line with the previous morphological 

analysis demonstrating that O. lupi is an atypical Onchocerca sp. (as is O. armillata in cattle) 

showing both primitive and evolved characters. However, sequences of only a few species of 

the genus Onchocerca were available in public databases. Including sequences of other 

Onchocerca species in phylogenetic analyses would enable a better understanding of the 

evolution of the genus. Our study found further evidence for concordance in the evolution of 

wolbachiae and their filarial hosts and supports the hypothesis that they share a long co-

evolutionary history. 

 

Theses
 
Wolbachia pipientis bacteria ( -subdivision, Proteobacteria) form intracellular symbiosis with 

Arthropods and Nematodes. Estimates show that 15-75% percent of all insect species are 

infected with Wolbachia endosymbionts making it one of the most common bacterial 

symbioses on Earth. 

In Arthropods, these bacteria live mainly in the reproductive tissues of their hosts and are 

transmitted to the next generation vertically, via egg cytoplasm. Wolbachia are able to alter 

the reproduction of their hosts in order to secure their own spreading. These alterations are 

feminization, parthenogenesis, cytoplasmic incompatibility and male killing. In arthropod 

hosts Wolbachia is considered as a sexual parasite, while in Nematodes we can find long 

standing obligate mutualistic relationship, which resulted in parallel cladogenesis for host and 

symbiont.  

Based on its ubiquitous distribution and effects of survival and reproduction Wolbachia could 

be used as a powerful biological control tool for arthropod pests and arthropod vector borne 

diseases including filarioses. 

The following results of our investigations can be reported: 



1. In the first study a 16S rRNA gene based sensitive nested PCR assay was developed 

using universal 16S and Wolbachia specific primers followed by sequencing and 

phylogenetic analysis to detect infection. 

2. All investigated isopod species proved to be infected but none of the Diplopods. 

Phylogenetic analysis placed some of our sequences into supergroup B Wolbachia. 

They showed a high level of sequence similarity to the previously described isopod 

symbionts.  

3. Most of the isopod symbionts we detected in Hungary were related to supergroup A 

Wolbachia. This is the first report of isopods harbouring supergroup A bacteria. 

Symbionts of Trachelipus ratzeburgii collected from different sampling sites clustered 

separately into the supergroups A and B. 

4. The mutualistic Wolbachia symbiont of the filarial nematode Onchocerca lupi causing 

ocular onchocerciasis in dogs has been characterised by electron microscopy and 

phylogenetic analysis using 16s rRNA, ftsZ and wsp marker genes.  

5. Phylogenetic position of O. lupi symbiont, a C supergroup Wolbachia corroborated the 

distinct position of O. lupi among other Onchocerca spp.  

6. This system could be used as a powerful animal model to study human Onchocerciasis 

and pathomechasisms of filarial diseases. 
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