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SUMMARY

The presence of Borrelia burgdorferi s.l. and of Ehrlichia phagocytophila group was sought by

PCR in Ixodes ricinus collected in a protected area of central Italy. Nymphs (n¯ 1475,

gathered in 295 pools of 5 nymphs each) and adult ticks (n¯ 28) were examined. B.

burgdorferi s.l. was detected in 13±8% of the nymph pools ; of these, 63±4% were infected by B.

�alaisiana, 26±8% by B. afzelii, 7±3% by B. garinii, and 2±5% by B. burgdorferi s.s. Only a

single adult male tick proved to host B. afzelii. The agent of human granulocytic ehrlichiosis

(HGE) was detected in 2±7% of the nymph pools. Two HGE agent-positive nymph pools were

also found to be positive for B. garinii and for B. afzelii, respectively. This is the first report

from central Italy of the finding of the HGE agent in ticks.

INTRODUCTION

Lyme borreliosis and ehrlichiosis are emerging dis-

eases transmitted by ticks, which are increasingly

reported from Europe. In Italy, after a first case

detected in Liguria [1], Lyme borreliosis has been

diagnosed in at least a further 1400 cases [2]. Most

reports come from the north-eastern region, which is

ecologically well-suited to the growth of large pop-

ulations of the carrier, reservoirs of the pathogens,

and of their wild hosts. In contrast, there have been

only occasional reports of Lyme borreliosis from the

central and southern regions of Italy [3, 4].

To date, there have been no unequivocal reports of

cases of human ehrlichiosis from mainland Italy,

though there have been three serologically confirmed

cases of infection in Americans who were temporary

residents in Sardinia ; in each case the clinical picture

was compatible with ehrlichiosis [5]. Exposure to

Ehrlichia sp. has been serologically demonstrated

among people living in north-eastern alpine areas of

Italy [6] and in a protected area of the Parco Nazionale

d’Abruzzo in central Italy [7]. The geographical

distribution of the aetiological agents of Lyme
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borreliosis and of ehrlichiosis, that may be transmitted

by the same tick species, Ixodes ricinus, and that use

the same animal reservoirs, are generally overlapping.

Up to now, four Borrelia burgdorferi (sensu lato)

species have been isolated from the tick I. ricinus in

Italy, namely B. burgdorferi sensu stricto, B. afzelii, B.

garinii, and B. �alaisiana. All can cause erythema

migrans (EM) [8], but each is characterized by a

different pathogenic potential. B. burgdorferi s.s. is

often associated with arthritis, B. garinii with neuro-

logical symptoms, B. afzelii with acrodermatitis

chronica atrophicans (ACA) [9], while, although

serological results [10] suggest the involvement of B.

�alaisiana in clinical manifestations, no strain has yet

been isolated from a human sample.

The genus Ehrlichia can be divided into three

genogroups. The first to be characterized was the

Ehrlichia canis group (E. canis, E. chaffeensis, E.

muris, and E. ewingii). Other groups so far described

are the Ehrlichia phagocytophila group (E. phago-

cytophila, E. equi, human granulocytic ehrlichiosis

[HGE] agent, and E. platys), and the Ehrlichia sennetsu

group (E. sennetsu and E. risticii) [11].

Two Ehrlichia species that are deemed responsible

for HGE have been identified in Italy in I. ricinus
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samples ; these are the HGE-like Ehrlichia in the

north-eastern regions and Ehrlichia phagocytophila in

Latium [12]. Our study forms part of an extensive

investigation carried out in central Italy and aimed at

quantifying the distribution of these two groups of

agents in ticks. The first area sampled was Capocotta,

an area included in the Presidential Reserve of Castel

Porziano, where both the ecological conditions and

the natural fauna appeared likely to support a wide

distribution of I. ricinus and therefore with the

potential for widespead presence of pathogens carried

by these hard ticks.

MATERIALS AND METHODS

Study area

Capocotta, an area of 1080 ha, is on the coast of the

Tyrrhenian sea, 30 km from Rome; from January

1997, it has been included in the Presidential Reserve

of Castel Porziano (4766 ha). Its climate is sub-

mediterranean. The reserve hosts a mosaic of oaks

(Quercus ilex, Q. pedunculata, Q. suber), pines (Pinus

halepensis, P. pinea), a scrub made up by species

typical of the Mediterranean flora, grassland, pasture

lands, water expanses and some buildings. Ungulates

(fallow deer, red deer, roe deer, wild boars), many

micromammalians species and a great variety of birds

comprise the wild fauna of the reserve. Capocotta is

usually closed to public, with admission only upon

request and under strict control. The 1 ha area selected

for this study was chosen carefully ; it has been

reafforested with Pinus pinea, its underwood com-

prises mainly typical Mediterranean shrubs and most

of the ground is overgrown with blackberry (Rubus

ulmifolius).

Tick collection

Ticks were caught by dragging [13] a 1 m# cotton cloth

through the vegetation twice a month, from April

1997 to September 1998. As far as possible, collections

were made fortnightly, choosing windless and rainless

days. Ticks were preserved in 70% ethanol and stored

until examination. I. ricinus nymphs were examined as

pools of five, whereas adult ticks were processed

individually.

DNA extraction

Specimens were homogenized in sterile Eppendorf

vials using sterile micro-pestles in 100 µl of TES buffer

(50 m Tris–HCl, 1 n EDTA, 15% sucrose, pH 8).

Proteinase K was added at a final concentration of

1 mg}ml and samples were incubated overnight at

42 °C. Phenol}chloroform was used for further DNA

purification. DNA was precipitated with ethanol and

the pellet suspended in 50 µl of double distilled water.

PCR and DNA sequencing

The PCR assay developed was based on specific

primers for B. burgdorferi s.l. and Ehrlichia phago-

cytophila genogroup as described originally by

Marconi and Garon [14] and Massung and colleagues

[15], respectively ; both sets of primers amplify a

region of the 16S rRNA genes.

A reaction mixture with a volume of 25 µl was

prepared by mixing together 0±5 units of Taq DNA

polymerase, 0±2 m each dNTP (dATP, dCTP, dGTP

and dTTP), 2±5 m MgCl
#
, 1 µl of DNA template in

the 1 Taq polymerase buffer, and 50 p of each

primer. The reaction mixture was heated at 94 °C for

12 min and then subjected to 35 thermal cycles

according to the following scheme: 94 °C for 30 sec,

60 °C for 45 sec, 72 °C for 45 sec, and then kept at the

same temperature for 7 min, as described by Favia

and colleagues [16].

PCR amplifications were performed using the

Perkin–Elmer Taq Gold kit ; 10–15 µl of the ampli-

fication product was loaded onto a 1±4% agarose gel ;

after electrophoresis, bands were visualized by

ethidium bromide staining. The expected sizes of the

specific fragments were 357 bp for Borrelia sp. and

919 bp for Ehrlichia sp. respectively. Positive controls

were purified DNA for Borrelia burgdorferi s.l. (kindly

provided by M. Cinco, Trieste, Italy) and Ehrlichia

phagocytophila [16]. Negative controls were PCR

reaction with no DNA template. Positive and negative

controls were included in each set of PCR analysis.

Positive samples were further analysed by PCR

using species-specific primers for B. burgdorferi s.s., B.

afzelii, B. garinii as described by Marconi and Garon

[14] and for B. �alaisiana as described by Liebisch and

colleagues [17].

Strains of B. burgdorferi s.s., B. afzelii, B. garinii

and B. �alaisiana (kindly provided by M. Cinco,

Trieste, Italy) were amplified as positive controls.

The 919 bp fragment obtained from the ehrlichia-

positive sample was gel purified with the ConcertTM

Rapid Gel Extraction System (Gibco–BRL) following

the manufacturer’s instructions. Automatic sequen-

cing was performed by the MWG-biotech (Ebersberg,

Germany).
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Table 1. Pre�alence of B. burgdorferi sensu lato and of HGE agent in 1475 nymphs of the tick I. ricinus

gathered in 295 pools of 5 specimens each

Genospecies

No. of positive pools}
examined pools

% of

positive pools

Estimated infection

rate (%)

B. burgdorferi sensu lato 41}295 13±8 2±9
B. �alaisiana 26}41 63±4 18±2
B. afzelii 11}1 26±8 6±0
B. garinii 3}41 7±3 1±5
B. burgdorferi sensu stricto 1}41 2±5 0±4
HGE agent 8}295 2±7 0±5
Coinfection 2}295 0±7 0±1

Statistical analysis

The estimated infection rate was calculated following

the method previously described by Cinco and

colleagues [18]. A binomial distribution was used (p

¯ 1®kon−}N), where p is the estimated probability

that a single tick is infected, n− is the number of

negative pools, N is the number of samples examined

and K is the number of specimens in each pool.

RESULTS

A total of 3612 ticks was collected, belonging to the

following species : I. ricinus, 2329 (64±48%), Haema-

physalisconcinna, 1275(35±30%),Dermacentormargin-

atus, 3 (0±08%), Rhipicephalus bursa, 4 (0±11%),

Hyalomma marginatum, 1 (0±03%). Only specimens of

I. ricinus were examined in this study, since this

species appears to be the main agent responsible for

the transmission of B. burgdorferi s.l. in Europe.

Although 2329 I. ricinus (826 larvae, 1475 nymphs

and 28 adults) were collected, only nymphs and adults

were analysed because they are the most important for

transmission of B. burgdorferi to humans [19]. For the

purposes of testing, the 1475 nymphs of I. ricinus were

divided into 295 pools of 5 nymphs each; 28 adult

ticks (21 male and 7 female) were examined in-

dividually. B. burgdorferi s.l. was detected in 41

(13±8%) of the 295 pools and in a single male adult of

the 28 tested.

A subsequent analysis showed that 63±4% of the

Borrelia spp. belonged to B. �alaisiana, 26±8% to B.

afzelii, 7±3% to B. garinii, and 2±4% to B. burgdorferi

s.s. The adult tick hosted B. afzelii. The estimated

infection rate is shown in Table 1.

E. phagocytophila genogroup was detected in 8

(2±7%) of the 295 nymph pools examined. The

estimated infection rate was 0±5% (Table 1). The

subsequent sequencing of PCR-positive products

permitted the identification, for the first time in

central Italy, of Ehrlichia sp. responsible for human

granulocytic ehrlichiosis (HGE). Two pools that were

positive for the HGE agent were also found to be

positive for B. garinii and for B. afzelii, respectively.

DISCUSSION

The incidence of Lyme borreliosis disease is still low in

Italy, except in some regions such as Veneto, Friuli-

Venetia-Giulia, Trentino Alto Adige, and Liguria,

where the disease is endemic [2]. This could be due to

two main reasons – either a lack of familiarity with

the disease, or a low incidence of Borrelia burgdorferi

s.l. infection in ticks. In this study we tested the second

hypothesis by collecting and examining ticks in a rural

area of Latium, the Presidential Reserve of Castel

Porziano. We documented an estimated infection rate

with B. burgdorferi s.l. in ticks of 2±9%; this finding is

consistent with the incidence of Lyme borreliosis in

our region [4].

The presence of four Borrelia genospecies in ticks

taken from a single location in Castel Porziano may

reflect the favourable ecology of this particular site,

and its ability to support a fauna comprising nu-

merous wild ungulates.

In this study, no tick was infected with two or more

species of Borrelia burgdorferi s.l., although, in

another study in Latium region, we have found

different Borrelia species in the same pool of ticks.

B. �alaisiana was the species found most frequently

(63±4%) as also reported by Kirstein and colleagues

[20] in Ireland where the predominance of B. �alaisiana

seemed to be associated with a broad range of host

species for this genospecies.

There are considerable differences in tick infection

rates with B. burgdorferi in different geographical

areas. Our estimated tick infection rate in Latium

(2±9% of ticks infected by B. burgdorferi s.l.) is much
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lower than that reported from some regions of

northern Italy (0–70%) [21], where borreliosis is

considered to be endemic, and from other European

regions [11, 22–24].

At 2±7%, the rate of tick infection with HGE agent

was five times lower than the 13±8% infection rate

with B. burgdorferi. Our study revealed, for the first

time in central Italy, the presence of an Ehrlichia sp.

responsible for human granulocytic ehrlichiosis.

In contrast with the wide variation between different

geographical areas in Italy and in Europe, of the

prevalence of tick infection with the agent of Lyme

borreliosis, there appears to be much less evidence of

variation in the prevalence of tick infection with the

HGE agent. Our estimated tick infection rate of 0±5%

in Latium is similar to the prevalence of tick infection

with E. phagoytophila found in other European

countries. In Scotland, the prevalence of infection in

pools of nymphs and adults ranged from " 0±25% to

2% [25]. In central France the prevalence of infection

in adult ticks was 1±3% [24], in western Switzerland

[26] and United Kingdom [27] 1±4%. Somewhat

higher prevalences have been reported from southern

Germany (2±2%) [11], from Slovenia (3±2%), from

where the first European HGE case was reported [28]

and from the north-eastern regions of Italy, 4±2% [12].

The method of testing pools of nymphs did not

allow us to detect, as in other central European

countries [11, 29, 30] and in the United States [31, 32],

double infections caused by both Borrelia spp. and

Ehrlichia spp. However, the possibility exists that

ticks may transmit both infections with a single bite

[33, 34–36]. This risk is important because although

the clinical symptoms of both infections are more or

less similar, the two pathogenic agents do not respond

to the same antibiotic therapy [37–39].

Although the reserve that we sampled is closed to

the general public, during some seasons (spring and

late summer) in which nymphs are particularly

abundant, seasonal workers are allowed to enter the

area chosen for our investigation [40]. In this study we

were able to demonstrate not only the wide dis-

tribution of I. ricinus in the area under study, but also

the prevalence of tick infections with the agents of

Lyme borreliosis and of HE in a rural area of Latium

in central Italy. Though we did not confirm the

presence of double infections (due to the way in which

our study was carried out), the possibility of such

double infections reinforces the potential risk, not

only for the health of the protected animal species

living in the reserve but also for man.

REFERENCES

1. Crovato F, Nazzari G, Fumarola D, Rovetta G,

Cimmino MA, Bianchi G. Lyme disease in Italy : first

reported case. Ann Rheum Dis 1985; 44 : 570–1.

2. Ciceroni L, Ciarrocchi S. Lyme disease in Italy.

Microbiologica 1998; 21 : 407–18.

3. Santino I, Dastoli F, Sessa M, del Piano M. Geo-

graphical incidence of infection with Borrelia burg-

dorferi in Europe. Panminerva Med 1997; 39 : 208–14.

4. Santino I, Sessa R, Di Pietro M, del Piano M. Lyme

disease in Central Italy. Microbiologica 2000; 23 :

261–9.

5. Nuti M, Serafini DA, Bassetti D, et al. Ehrlichia

infection in Italy. Emerg Infect Dis 1998; 4 : 663–5.

6. Nuti M, Russino F, Grazioli D, Rombola' P, Macrı' G,

Lillini E. Anticorpi anti-Ehrlichia in soggetti a rischio di

zone pedemontane del Veneto. Microbiologia Medica

1996; 1 : 492–4.

7. Santino I, Iori A, Sessa R, Sulli C, Favia G, del Piano

M. Borrelia burgdorferi s.l. and Ehrlichia chaffensis in

the National Park of Abruzzo. FEMS Microbiol Lett

1998; 164 : 1–6.

8. Rijpkema SGT, Tazelaar D, Molkenboer M, et al.

Detection of Borrelia afzelii, Borrelia burgdorferi sensu

stricto, Borrelia garinii and group VS116 by PCR in

skin biopsies of patients with erythema migrans and

acrodermatitis chronica atrophicans. Clin Microbiol

Infect 1997; 3 : 109–16.

9. van Dam AP, Kuiper H, Vos K, et al. Different

genospecies of Borrelia burgdorferi are associated with

distinct clinical manifestations of Lyme borreliosis. Clin

Infect Dis 1993; 17 : 708–17.

10. Ryffel K, Peter O, Rutti B, Suard A, Dayer E. Scored

antibody reactivity determined by immunoblotting

shows an association between clinical manifestations

and presence of Borrelia burgdorferi sensu stricto, B.

garinii, B. afzelii, and B. �alaisiana in humans. J Clin

Microbiol 1999; 37 : 4086–92.

11. Baumgarten BU, Rollinghoff M, Bogdan C. Prevalence

of Borrelia burgdorferi and granulocytic and monocytic

Ehrlichiae in Ixodes ricinus ticks from southern

Germany. J Clin Microbiol 1999; 37 : 3448–51.

12. Cinco M, Padovan D, Murgia R, Heldtander M,

Olsson Engwall E. Detection of HGE agent-like

Ehrlichia in Ixodes ricinus ticks in northern Italy by

PCR. Wien Klin Wochenschr 1998; 110 : 898–900.

13. Aeschlimann A. Ixodes ricinus, Linneus, 1758 (Ixo-

doidea: Ixodidae). Preliminary study of the biology of

the species in Switzerland. Acta Trop 1998; 29 : 321–40.

14. Marconi RT, Garon CF. Development of polymerase

chain reaction primer sets for diagnosis of Lyme disease

and for species-specific identification of Lyme disease

isolates by 16S rRNA signature nucleotide analysis. J

Clin Microbiol 1998; 30 : 2830–4.

15. Massung RF, Slater K, Owens JH, et al. Nested PCR

assay for detection of granulocytic Ehrlichiae. J Clin

Microbiol 1998; 36 : 1090–5.

16. Favia G, Cancrini G, Corfı' A, Grazioli D, Lillini E, Iori

A. Molecular identification of Borrelia �alaisiana and

https://doi.org/10.1017/S0950268802007057 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268802007057


97Borrelia and HGE agent in Ixodes ricinus

HGE-like Ehrlichia in Ixodes ricinus ticks sampled in

North Eastern Italy : first report in Veneto region.

Parassitologia 2001; 43 : 143–6.

17. Liebisch G, Sohns B, Bautsch W. Detection and typing

of Borrelia burgdorferi sensu lato in Ixodes ricinus ticks

attached to human skin by PCR. J Clin Microbiol 1998;

36 : 3355–8.

18. Cinco M, Padovan D, Murgia R, et al. Prevalence of

Borrelia burgdorferi infection in Ixodes ricinus in central

Italy. Eur J Clin Microbiol Infect Dis 1998; 17 : 134–5.

19. Jaenson TGT. The epidemiology of Lyme borreliosis.

Parasitol Today 1991; 7 : 39–45.

20. Kirstein F, Rijpkema S, Molkenboer M, Gray JS. Local

variations in the distribution and prevalence of Borrelia

burgdorferi sensu lato genomospecies in Ixodes ricinus

ticks. Appl Environ Microbiol 1997; 63 : 1102–6.

21. Cinco M, Padovan D, Murgia R, et al. Rate of infection

of Ixodes ricinus ticks with Borrelia burgdorferi sensu

stricto, Borrelia garinii, Borrelia afzelii and Group

VS116 in an endemic focus of Lyme disease in Italy. Eur

J Clin Microbiol Infect Dis 1998; 17 : 90–4.

22. Junttila J, Peltomaa M, Soini H, Marjamaki M,

Viljanen MK. Prevalence of Borrelia burgdorferi in

Ixodes ricinus ticks in urban recreational areas of

Helsinki. J Clin Microbiol 1999; 37 : 1361–5.

23. Misonne MC, Van Impe G, Hoet PP. Genetic het-

erogeneity of Borrelia burgdorferi sensu lato in Ixodes

ricinus ticks collected in Belgium. J Clin Microbiol

1998; 36 : 3352–4.

24. Parola P, Beati L, Cambon M, Brouqui P, Raoult D.

Ehrlichial DNA amplified from Ixodes ricinus (Acari :

Ixodidae) in France. J Med Entomol 1998; 35 : 180–3.

25. Alberdi MP, Walker AR, Paxton EA, Sumption KJ.

Natural prevalence of infection with Ehrlichia (Cyto-

ecetes) phagocytophila of Ixodes ricinus ticks in

Scotland. Vet Parasitol 1998; 78 : 203–13.

26. Liz JS, Anderes L, Sumner JW, et al. PCR detection of

granulocytic Ehrlichiae in Ixodes ricinus ticks and wild

small mammals in Western Switzerland. J Clin Micro-

biol 2000; 38 : 1002–7.

27. Ogden NH, Bown K, Horrocks BK, Woldehiwet Z,

Bennett M. Granulocytic Ehrlichia infection in ixodid

ticks and mammals in woodlands and uplands of the

UK. Med Vet Entomol 1998; 12 : 423–9.

28. Petrovec M, Sumner JW, Nicholson WL, et al. Identity

of ehrlichial DNA sequences derived from Ixodes ricinus

ticks with those obtained from patients with human

granulocytic ehrlichiosis in Slovenia. J Clin Microbiol

1999; 37 : 209–10.

29. Leutenegger CM, Pusterla N, Mislin CN, Weber R,

Lutz H. Molecular evidence of coinfection of ticks with

Borrelia burgdorferi sensu lato and the human granu-

locytic ehrlichiosis agent in Switzerland. J Clin Micro-

biol 1999; 37 : 3390–1.

30. Schouls LM, van de Pol I, Rijpkema SG, Schot CS.

Detection and identification of Ehrlichia, Borrelia

burgdorferi sensu lato, and Bartonella species in Dutch

Ixodes ricinus ticks. J Clin Microbiol 1999; 37 : 2215–22.

31. Daniels TJ, Boccia TM, Varde S, et al. Geographic risk

for Lyme disease and human granulocytic ehrlichiosis

in southern New York state. J Clin Microbiol 1998; 64 :

4663–9.

32. Schauber EM, Gertz SJ, Maple WT, Ostfeld RS.

Coinfection of blacklegged ticks (Acari: Ixodidae) in

Dutchess County, New York, with the agents of Lyme

disease and human granulocytic ehrlichiosis. J Med

Entomol 1998; 35 : 901–3.

33. Bakken JS, Krueth J, Wilson-Nordskog C, Tilden RL,

Asanovich K, Dumler JS. Clinical and laboratory

characteristics of human granulocytic ehrlichiosis.

JAMA 1996; 275 : 199–205.

34. Larsen HJ, Overnes G, Waldeland H, Johansen GM.

Immunosuppression in sheep experimentally infected

with Ehrlichia phagocytophila. Res Vet Sci 1994; 56 :

216–24.

35. Nadelman RB, Strle F, Horowitz HW, Agger WA,

Wormser GP. Leukopenia, thrombocytopenia, and

Lyme borreliosis: is there an association? Clin Infect

Dis 1997; 24 : 1027–9.

36. Weber R, Pusterla N, Loy M, Lutz H. Fever,

leukopenia, and thrombocytopenia in a patient with

acute Lyme borreliosis were due to human granulocytic

ehrlichiosis. Clin Infect Dis 1998; 26 : 253–4.

37. Dumler JS, Bakken JS. Human ehrlichioses : newly

recognized infections transmitted by ticks. Ann Rev

Med 1998; 49 : 201–13.

38. Klein MB, Nelson CM, Goodman JL. Antibiotic

susceptibility of the newly cultivated agent of human

granulocytic ehrlichiosis : promising activity of quino-

lones and rifamycins. Antimicrob Agents Chemother

1997; 41 : 76–9.

39. Larsen HJ, Overnes G, Waldeland H, Johansen GM.

Immunosuppression in sheep experimentally infected

with Ehrlichia phagocytophila. Res Vet Sci 1994; 56 :

216–24.

40. Iori A, Di Paolo M. Acarological studies in two

protected areas of Central Italy. Parasitologia 1999; 41 :

53–5.

https://doi.org/10.1017/S0950268802007057 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268802007057

