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To The Editor:

Alveolar echinococcosis caused by Echinococcus multilocularis, a small cyclophyllid
tapeworm, is a severe parasitic disease in humans. Two years after the diagnosis of a
European haplotype of £. multilocularisin a patient in Vermont (Patient VT1) who did not
have a history of exposure to alveolar echinococcosis abroad,! the disease was diagnosed
in a second patient in Vermont (Patient VVT2), who also did not have such exposure history.
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Details regarding the two cases are provided in the Supplementary Appendix, available with
the full text of this letter at NEJM.org.

Patient VT2 was an 82-year-old man with memory decline who presented with painless
jaundice. The laboratory evaluation revealed a total bilirubin level of 15.4 mg per deciliter
(263 umol per liter), an alkaline phosphatase level of 573 U per liter, an aspartate
aminotransferase level of 156 U per liter, and an alanine aminotransferase level of 190

U per liter. Abdominal computed tomography revealed a mass-like hypodensity in the right
lobe of the liver with intrahepatic biliary ductal dilatation and mass effect on the inferior
vena cava. Biopsy of the mass revealed histologic features consistent with £. multilocularis.
Immunohistochemical analysis of a liver-biopsy specimen was positive on testing with both
EmG3 and Em2G11 monoclonal antibodies.?

With the diagnosis of two alveolar echinococcosis cases in humans, we sought to investigate
whether an animal reservoir could be genetically linked to the human isolates. We screened
stool samples obtained from 434 wild canids (296 foxes and 138 coyotes) from Virginia

for £. multilocularis DNA, and two red foxes (fox146 and fox197) tested positive. We

then sequenced DNA obtained from Patient VT1, fox146, and fox197 for NADZ2, COB,

and COX1, since the presence of COXZ had previously been identified in the sample
obtained from Patient VT1.1 We had samples of formalin-fixed, paraffin-embedded tissue
obtained from Patient VT2, which permitted only directed amplification of single-nucleotide
polymorphisms (SNPs) in COB and COX1. Details regarding methods and GenBank
accession numbers are provided in the Supplementary Appendix.

Mitochondrial sequences of E. multilocularis in samples from Patient VT1, fox146, and
fox197 showed close identity with the Slovakian E5 European haplotype (Fig. 1A). £.
multilocularis DNA in the sample obtained from Patient VT2 was fragmented, but we
determined that 27 of the 29 discriminatory COXZ and COB SNPs were identical to the

E5 haplotype. Previous studies have suggested the involvement of U.S. domestic dogs in
the transmission of £, multilocularis in Virginia® and Missouri.? In addition, published
sequencing results have shown considerable SNP similarities to the E5 haplotype (Fig. 1B).

Before the diagnosis in Patient VT1, reports of £. multilocularis in humans in the United
States have been limited to North American haplotypes that have been detected only in
Alaska and the North Central area of the country. European strains have been regarded as
more virulent than the lower-risk North American haplotypes, as illustrated by findings after
the emergence of a European-like strain in wildlife in western Canada in 2012. By 2016, the
human incidence of this strain was mirroring the incidence in Europe.>

Our data suggest the presence of changing epidemiologic features of £. multilocularis in the
United States and provide evidence of the possible establishment of a reservoir and active
transmission of a European strain. The emergence of this more virulent strain necessitates a
growing diagnostic awareness among physicians, particularly in patients with no history of
travel outside the United States who present with liver masses.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A Phylogenetic Tree of E. multilocularis 1solates
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Figure 1. Phylogenetic Tree of Echinococcus multilocularis | solates and Single-Nucleotide
Polymor phisms (SNPs) That Distinguish among I nter national Haplotypes.
Panel A shows the unscaled phylogenetic tree of the sequencing of £. multilocularis samples

for NADZ2, COB, and COX1, as reported previously and in the current study. The tree

was constructed with the use of the maximum likelihood method. The isolate from a
liver-biopsy sample obtained from Patient VT1 is indicated as US:VT, and two isolates
from stool samples obtained from red foxes in Virginia are indicated as US:VA. Values
were obtained by means of bootstrapping techniques performed with 1000 iterations. E.
granulosus is shown on the left of the tree as an outgrouping. Panel B shows SNPs in NAD?Z,
COB, and COX1 that most discriminate among Asian, European, and North American E.
multilocularis haplotypes. Listed are most of the isolates that are shown in Panel A for
comparison alongside all reported isolates from the United States that are consistent with a
European strain. Dashes indicate that no data were available, and periods indicate that the
nucleotide was identical to that in the lead sequence. Asterisks indicate that the sequences
are reported in this study. Only NAD2and COB sequences are reported in this study for
Patient VT1.
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