570

Emerging Infectious Diseases Vol. 5, No. 4, July˘August 1999

Dispatches

Pathogens transmitted by deer ticks (Ixodes dammini) affect the health of residents in areas of the northcentral United States. The diversity of infecting agents, the intensity of their transmission, and the concomitant risk for human infection are well documented and approach levels found in the Northeast (1-4). In northwestern Wisconsin, the risk to health from these ticks may increase as human recreational and industrial activities more frequently intersect with areas of enzootic transmission. In addition to the agents of Lyme disease (Borrelia burgdorferi), human granulocytic ehrlichiosis

(Ehrlichia microti), and human babesiosis

(Babesia microti), deer ticks in these foci might be infected with deer-tick virus (DTV), a recently described Powassan (POW)-like agent of the genus Flavivirus (5), and might pose an additional threat to human health in this region.

To determine whether this newly recognized agent infects deer ticks in a focus outside New

England, we sampled ticks from two heavily infested sites in northern Wisconsin and assayed them for all four agents. Host-seeking adult ticks were collected by dragging a piece of flannel cloth over the vegetation during October of 1997 and

1998. We collected 481 adult deer ticks near

Spooner and Hayward, Wisconsin, during 8 hours of sampling. A sample of the female ticks

(87 of 271) was selected for analysis. Nonengorged female ticks were fed on uninfected laboratory rabbits to stimulate replication of infectious

organisms and were removed after 4 to 5 days.

Ticks were dissected individually on acidwashed microscope slides by using flamesterilized forceps and razor blades. One of each pair of salivary glands was stained by the

Feulgen reaction and examined by bright-field microscopy. The other was pooled with the salivary glands of four other ticks in Hanks´

Balanced Salt Solution supplemented with fetal bovine serum (HBSS/FBS) for mouse inoculation and polymerase chain reaction (PCR) analysis.

The slides used for dissection were examined for

B. burgdorferiby direct fluorescent antibody (6).

Male ticks were assayed for spirochetal infection only; they were homogenized in 50 μl PBS, and

10 μl of the resulting suspension was applied to

12-well microscope slides, air dried, and stained.

Deer ticks sampled near Spooner and

Hayward, Wisconsin, maintain pathogens similar to those found in New England ticks and in comparable proportions (Table). In addition to the three agents enzootic near Spooner (4,7,8), we observed a staining pattern suggestive of viral replication (5) in the salivary glands of four ticks. To determine whether this agent was viral, we inoculated suckling mice intracerebrally with

0.03 ml of a clarified and sterile-filtered homogenate of the combined pools containing

Feulgen-positive salivary glands. A sample of this homogenate was reserved for reverse transcriptase (RT)-PCR analysis. Siblings of suckling mice received 0.03 ml of sterile HBSS/

FBS. On the morning of day 6 after inoculation, the mice that received salivary gland homogenate showed signs of profound neurologic dysfunction: their gait was disrupted, and they

A Focus of Deer Tick Virus Transmission in the Northcentral United States

Gregory D. Ebel, Ivo Foppa, Andrew Spielman, and

Sam R. Telford, III

Harvard School of Public Health, Boston, Massachusetts, USA

Address for correspondence: Sam R. Telford, III, Department of Immunology and Infectious Diseases, 665 Huntington

Avenue, Boston, MA 02115, USA; fax: 617-738-4914; e-mail:

stelford@hsph.harvard.edu.

We screened salivary glands from adult deer ticks collected near Spooner and

Hayward, Wisconsin, to determine whether deer tick virus, a recently described flavivirus, occurs with other tickborne agents in the upper Midwest. Intraacinar inclusions suggestive of replicating virus were detected in 4 (4.6%) of 87 ticks. The virus was isolated by suckling-mouse inoculation.

571

Vol. 5, No. 4, July˘August 1999 Emerging Infectious Diseases

Dispatches

Table. Pathogens maintained by deer ticks, Spooner and Hayward, Wisconsin, 1997-98

Agent Assay No. examined No. positive % positive (95% CI)

Borrellia burgdorferi Direct fluorescent antibody 220 8 3 37.7 (31.3, 44.5)

Babesia sp. Microscopy 87 6 6.9 (2.6, 14.4)

Ehrlichia microti Microscopy 87 4 4.6 (1.3, 11.4)

Deer tick virus Microscopy 87 4 4.6 (1.3, 11.4)

Figure 1. Phylogenetic relationships among tickborne flaviviruses based on a 376-bp fragment of thens5 gene.

Distance analysis omitting third position nucleotides. Branch numbers are bootstrap confidence estimates on the basis of 500 replicates. GenBank accession numbers in parentheses. LI = Louping Ill; TBE-West = Western subtype tickborne encephalitis (Central European encephalitis); POW = Powassan virus; DTV = deer tick virus.

failed to right themselves when placed on their backs. By mid-afternoon they were moribund and died shortly thereafter. The time between inoculation and death was similar to that seen in

DTV and POW infections, which kill suckling mice in 5 to 7 days (5,9).

To determine whether the putative viral agent was DTV, POW, or a related flavivirus, salivary glands that appeared infected were analyzed by RT-PCR. The clarified homogenate used for mouse inoculation was added to 350μl of a lysis buffer, and RNA was extracted by RNEasy spin columns (Qiagen) as directed by the manufacturer. The resulting RNA-containing solution was reverse transcribed by using random hexamers at 42°C for 20 minutes. We added 5μl of cDNA to an amplification mixture containing primers (TBE-1[5’-3’ ACATGGCAGTACTGGGG) and TBE-2 (5’-3’ CCCATCATGTTGTACAC]) designed to amplify an approximately 450-bp fragment of thens5gene of CentralEuropean tickborne encephalitis (TBE). Reaction conditions were as follows: initial denaturation at

94°C for 1 minute, followed by 35 cycles of 94°C for 45 seconds, 40°C for 45 seconds, and 72°C for 1 minute. A final extension step of 72°C for 6 minutes was also performed. Bands of the correct size were excised and sequenced by the dideoxy-

chain termination method and an automated

DNA sequencer (Applied Biosystems, Foster

City, CA). Sequences were compared with those accessioned in GenBank. Sequence alignments were generated with the PILEUP program of the

Wisconsin Genetics Computer Group and then analyzed by the distance method using MEGA

(10). Third codon positions were omitted to minimize sequence convergence due to homoplasy and to better reflect nucleotide changes resulting in amino acid differences. Analyses including third codon positions resulted in identical topologies with higher bootstrap values and longer branch lengths. Evolutionary distances were computed by the Kimura 2- parameter method, including both transitions and transversions. Distance trees were constructed by the neighbor-joining method, and their robustness was estimated by performing

500 bootstrap replicates. Phylogenetic analysis of this fragment (GenBank accession af135459) indicated that the virus was most closely related, but not identical, to DTV from northwestern

Connecticut (af135460) (Figure 1). Because the ns5 gene from our Spooner isolate was more closely related to DTV than to POW, this isolate is provisionally designated as deer-tick virus-

Spooner (DTV-SPO).

572

Emerging Infectious Diseases Vol. 5, No. 4, July˘August 1999

Dispatches

Figure 2. Phylogenetic relationships among tickborne flaviviruses on the basis of a 575-bp fragment of the envelope gene. Distance analysis omitting third position nucleotides. Branch numbers are bootstrap confidence estimates on the basis of 500 replicates. GenBank accession numbers in parentheses. LI = Louping Ill; SSE = Spanish sheep encephalitis; TSE = Turkish sheep encephalitis; GGE = Greek goat encephalitis; TBE-West = Western subtype tickborne encephalitis (Central European encephalitis); OHF = Omsk hemorrhagic fever; TBE-East = Eastern subtype tickborne encephalitis (Russian spring-summer encephalitis); KFD = Kyasanur Forest disease; POW =

Powassan encephalitis; DTV = deer tick virus; SRE = Saumarez Reef virus; TYU = Tyuleniy virus; YF = yellow fever.

To more completely characterize the Wisconsin viral isolate, we amplified a 650-bp fragment of the viral envelope gene from the suckling mouse brain tissue. Extraction and reversetranscription of RNA was conducted as previously described; PCR were also conducted as described, except that the primers ENV-A and

POW-6 wereused (5). PCR products were

subjected to electrophoresis on a 2% agarose gel, yielding a product of the expected size, which was subsequently excised and sequenced. The nucleotide sequence of this fragment differs by 16% and 4% from published POW and DTV sequences, respectively. Phylogenetic analysis of this fragment (af135461) confirmed that the Spooner isolate clusters with DTV and POW (Figure 2).

573

Vol. 5, No. 4, July˘August 1999 Emerging Infectious Diseases

Dispatches

The resulting topology was virtually identical to that of other published trees analyzed by means of different optimality criteria (11,12).

This is the first report of an isolation of a

TBE-group flavivirus from Wisconsin, and only the second report of a flavivirus in deer ticks. The antigenic relatedness of DTV and POW has not yet been determined. Arboviral classification has been on the basis of serologic methods

(International Catalogue). A fourfold or greater difference in titer measured by one or more serologic tests (neutralization, complement fixation) between homologous and heterologous antisera raised to the viruses being compared is considered to support novelty (15). However, molecular phylogenetic analyses are increasingly becoming routine and can rapidly provide information on relatedness. Initial findings may subsequently be complemented by the timetested serologic techniques. This paradigm for viral identification, where an agent of unknown pathogenic potential may be initially examined by PCR sequencing, has been recently used with much success with hantaviruses. New York virus, for example, was suggested to be a distinct subtype of Sin Nombre virus because its nucleocapsid protein gene sequence differed by

10% to 12% (16). Other northeastern U.S.

hantavirus isolates fromPeromyscus leucopus clustered with each other in phylogenetic analysis (forming a ^clade~) rather than with Sin

Nombre virus from the southwestern United

States. Similarly, despite the geographic distance of their transmission foci, DTV-SPO forms a clade with the two original DTV isolates from New England rather than with the sole molecularly characterized POW isolate, which derives from nearby Ontario. Accordingly, although conclusions regarding the novelty of

DTV should be regarded as tentative pending serologic studies, molecular evidence strongly suggests that DTV is a new subtype of POW.

The clinical implications of human infection with DTV are not known. Powassan encephalitis, however, often follows a severe clinical course, with a 10.5% case-fatality rate and severe sequelae (hemiplegia, wasting, severe headaches) in 47.1% of survivors (9). The genetic distance (Figure 2) between DTV and POW isolates is roughly similar to the difference between eastern TBE isolates (Russian springsummer encephalitis) and Omsk hemorrhagic fever, viruses with radically different clinical

presentations. We suspect that in contrast to infection with POW, human disease caused by

DTV may be mild or asymptomatic. Although residents of northeastern and midwestern states are heavily exposed to deer ticks, an associated severe neurologic disease has not yet been described. Prevalence of DTV in host-seeking adult deer ticks was similar to that of the human granulocytic ehrlichiosis agent (4.3%), which indicates that residents of this region may be exposed frequently to the bites of DTV-infected ticks, and perhaps even more frequently than residents of our New England study sites (5).

Alternatively, we may fortuitously have sampled in Wisconsin in an intense focus of transmission.

European TBE group viruses persist in such enzootic microfoci, located within larger regions of lesser overall prevalence (14). Because these foci are so small, few residents of the region are exposed. The distribution of DTV, like that of babesiosis and Lyme disease, may spread from its initial foci to exposing the residents of much broader regions.

Acknowledgments

The authors thank Philip Armstrong for thoughtful suggestions, Rich Pollack and Heidi Goethert for reading the manuscript, and Melissa Culhane for field assistance. All animal experiments were conducted according to the approved International Animal Care and Use Committee guidelines for the Harvard Medical Area.

This work was supported by NIH grants AI 39002, AI

37993, and AI 19693.

M r. Ebel is a doctoral candidate in the Laboratory of Public Health Entomology, Department of Immunology and Infectious Diseases. His research interests focus on the population biology of deer tick- and smallmammal-associated viruses.

References

1. Kitron U, Kazmierczak JJ. Spatial analysis of the distribution of Lyme disease in Wisconsin. Am J

Epidemiol 1997;145:558-66.

2. Sweeney CJ, Ghassemi M, Agger WA, Persing DH.

Coinfection withBabesia microti andBorrelia burgdorferi in a western Wisconsin resident. Mayo Clin

Proc 1998;73:338-41.

3. Tsai TF, Bailey RE, Moore PS. National surveillance of

Lyme disease, 1987-1988. Conn Med 1989;53:324-6.

4. Dryer RF, Goellner PG, Carney AS. Lyme arthritis in

Wisconsin. JAMA 1979;241:498-9.

5. Telford SR III, Armstrong PM, Katavolos P, Foppa I,

Olmeda Garcia AS, Wilson ML, et al. A new tick-borne encephalitis-like virus infecting New England deer ticks,Ixodes dammini. Emerg Infect Dis 1997;3:165-70.

574

Emerging Infectious Diseases Vol. 5, No. 4, July˘August 1999

Dispatches

6. Mather TN, Piesman J, Spielman A. Absence of spirochaetes (Borrelia burgdorferi) and piroplasms

(Babesia microti) in deer ticks (Ixodes dammini) parasitized by chalcid wasps (Hunterellus hookeri).

Med Vet Entomol 1987;1:3-8.

7. Dumler JS, Bakken JS. Human granulocytic ehrlichiosis in Wisconsin and Minnesota: a frequent infection with the potential for persistence. J Infect Dis 1996;173:1027-30.

8. Herwaldt BL, Springs FE, Roberts PP, Eberhard ML,

Case K, Persing DH, et al. Babesiosis in Wisconsin: a potentially fatal disease. Am J Trop Med Hyg

1995;53:146-51.

9. Artsob H. Powassan encephalitis. In: Monath T, editor. The arboviruses. Boca Raton (FL): CRC Press; 1989. p. 29-49.

10. Kumar S, Tamura K, Nei M. MEGA: Molecular evolutionary genetics analysis. University Park (PA):

The Pennsylvania State University; 1993. p. 16802.

11. Zanotto PM, Gao GF, Gritsun T, Marin Ms, Jiang WR,

Venugopal K, et al. An arbovirus cline across the northern hemisphere. Virology 1995;210:152-9.

12. Zanotto PM, Gould EA, Gao GF, Harvey PH, Holmes

EC. Population dynamics of flaviviruses revealed by molecular phylogenies [see comments]. Proc Natl Acad

Sci U S A 1996;93:548-53.

13. Mandl CW, Holzmann H, Kunz C, Heinz FX. Complete genomic sequence of Powassan virus: evaluation of genetic elements in tick-borne versus mosquito-borne flaviviruses. Virology 1993;194:173-84.

14. Gresikova M, Calisher C. Tick-borne encephalitis. In:

Monath T, editor. The arboviruses: epidemiology and ecology. Boca Raton (FL): CRC Press; 1989. p. 177-202.

15. Calisher C, Karabatsos N, Dalrymple J, Shope RE,

Porterfield JS, Westaway EG, et al. Antigenic relationships between flaviviruses as determined by cross-neutralization tests with polyclonal antisera. J

Gen Virol 1989;70:37-43.

16. Monroe MC, Morzunov SP, Johnson AM, Bowen MD,

Artsob H, Yates T, et al. Genetic diversity and distribution ofPeromyscus-borne hantaviruses in

North America. Emerg Infect Dis 1999;5:75-86