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several genetic and antigenic differences and sug-
gested poor reactivity to the contemporary human 
seasonal influenza vaccine.

This reported case is considered independent 
of the previously reported variant infection in Den-
mark (4), because the 2 viruses are genetically distinct 
(Table). The symptoms were also different; the earlier 
case was in an elderly patient with comorbidities who 
experienced classical influenza-like illness, but in this 
case, a previously healthy adult of younger age expe-
rienced unusual severe and sudden illness. Influen-
za-associated convulsions in adults are rare (6) and 
mostly accompanied by fever or encephalitis, which 
was not observed in this patient.

The identification of variant IAVs emphasizes the 
zoonotic potential of these strains and highlights the 
importance of continued monitoring of both human 
and swine IAVs. The reported case suggests a need 
for focusing on early registration of swine exposure 
for humans with influenza-like illness, as well as in-
creased measures to reduce the swine IAV exposure 
risk for people with occupational contact with swine.
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In Valencia, Spain, permanent rodent control cam-
paigns are the responsibility of The Pest Control Sec-

tion of the Health Service of Valencia City Council. As 
part of its tasks, the Section traps Rattus norvegicus and 
R. rattus rats in standard snap traps in the sewage sys-
tem of Valencia. The trapped rodents were preserved in 
their entirety at −20°C and subsequently, to determine 
the potential reservoir role of zoonotic parasitic diseases, 
we defrosted the rats and analyzed the endoparasites.

In 2021, we collected 29 adult A. cantonensis nem-
atodes (21 female and 8 male) from the organs of the 
first 27 trapped rats (25 R. norvegicus and 2 R. rattus) 
under a stereomicroscope once the rats had been dis-
sected. The nematodes were detected in the pulmo-
nary arteries of 2 R. norvegicus rats and 1 R. rattus rat; 
7 young nematode adults were also found in the brain 
of the same R. rattus rat. Adult females showed the 
typical barber pole spiral of lungworms of the genus 
Angiostrongylus (Figure, panel A). After clarifying 
adult male worms with Amman’s lactophenol and 
studying their morphology (Figure, panels B–D), we 
found that the measurements were consistent with rat 
lungworm species of A. cantonensis (Table) (1,2).

The parasite morphology, its microhabitat, and 
the nature of the definitive hosts clearly suggested 

that the parasites were A. cantonensis. To confirm spe-
cies identification, we isolated total genomic DNA by 
using the DNeasy Blood and Tissue kit (QIAGEN, 
https://www.qiagen.com) according to the manufac-
turer’s instructions. We confirmed nematode species 
identity by PCR and sequencing of the cytochrome 
c oxidase subunit 1 (3); all sequences obtained were 
clustered with A. cantonensis. The phylogenetic tree 
grouped the A. cantonensis lungworms from Valen-
cia close to the published sequences MK570629 and 
MN227185, corresponding to A. cantonensis lung-
worms isolated from Tenerife and Mallorca, respec-
tively (Appendix Figure 1, https://wwwnc.cdc.gov/
EID/article/28/12/22-0418-App1.pdf). We submit-
ted the sequences we obtained to GenBank (accession 
no. ON819883 for the female specimen and ON819884 
for the male). Likewise, when we sequenced the sec-
ond internal transcribed spacer region, we found that 
our specimens formed a clade that differed from the 
other species of Angiostrongylus (Appendix Figure 
2). We also submitted those sequences to GenBank 
(accession no. OM829831 for the male specimen and 
OM829832 for the female).

Male and female adult A. cantonensis lungworms 
live in the pulmonary arteries of Rattus rats, their pre-
ferred definitive hosts (4). Intermediate hosts are ter-
restrial or freshwater mollusks, such as snails and slugs. 
The female worms lay eggs, which give rise to L1 larvae 
that penetrate the alveolae and are swallowed by the rat 
and shed in the feces. After ingestion by an intermediate 
host, L1 larvae molt into L3 larvae. When infected mol-
lusks are ingested by a rat, the subsequent phase takes 
place in the rat brain, where L3 larvae turn into young 

To determine the role of rats as potential reservoirs of 
zoonotic parasites, we examined rats trapped in urban 
sewers of Valencia, Spain, in 2021. Morphologic and mo-
lecular identification and sequencing identified autochtho-
nous Angiostrongylus cantonensis nematodes, the most 
common cause of human eosinophilic meningitis, in pul-
monary arteries of Rattus norvegicus and R. rattus rats.

Figure. Angiostrongylus 
cantonensis lungworms from 
lungs of rats trapped in Valencia, 
Spain, 2021. A) Adult female 
with characteristic barber-pole 
appearance. Scale bar indicates 
500 µm. B, C) Copulatory bursae 
of 2 male worms supported by 
bursal rays. Scale bars indicate 
50 µm. D) Detail of the long 
spicula of a male worm. Scale 
bar indicates 300 µm.
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adults (L5). After leaving the central nervous system, 
L5 young adult worms reach the pulmonary arteries, 
where they mature and reproduce. Paratenic hosts in-
clude crabs, shrimp, frogs, and lizards (4).

Angiostrongyliasis is a foodborne disease; there-
fore, human infection requires ingestion of raw/
poorly cooked intermediate or paratenic hosts. An-
other source of infection is lettuce contaminated 
with infective larvae released by an intermediate 
host (5). Hence, when humans accidentally ingest 
L3 larvae, the larvae penetrate the intestinal wall 
and travel through the bloodstream to the brain, 
where they can cause acute eosinophilic meningitis  
(neuroangiostrongyliasis). Severe cases can result in 
radiculitis, cranial neuropathy, myelitis, encepha-
lopathy, coma, and even death. Usually, the nema-
todes die in the central nervous system (6).

Neuroangiostrongyliasis is a global emerging 
disease with serious implications for animal and 
public health (4). Globalization has helped disperse, 
and probably continues to disperse, rat lungworms. 
Infected rats (and snails) travel by ship, thereby trans-
ferring the parasite between continents and countries 
(7). Infected rats have been found near the port of Va-
lencia but also several kilometers from the coast, sug-
gesting a wide distribution of the rat lungworm in the 
city (Appendix Figure 3).

A. cantonensis lungworms have been reported 
widely in Asia, Africa, and America. However, in 
Europe, they have thus far been reported exclusively 
at the insular level, specifically in R. norvegicus and 
R. rattus rats in Tenerife (Canary Islands) and in At-
elerix algirus hedgehogs in Mallorca (Balearic Islands) 
(2,8,9). Although a possible autochthonous human 
case of A. cantonensis infection was (immunologically) 
diagnosed in France, the possibility of its being an im-
ported case was not ruled out (10).

A. cantonensis lungworms, a dangerous inva-
sive species, agents of a potentially fatal emerging 
infectious disease, are spreading into locations be-
yond their typical tropical/subtropical distribu-
tion, probably favored not only by globalization 
but also by climate change. Epidemiologic surveys 
of rat populations in Europe, preferably in urban/

peri-urban areas, with the involvement of govern-
ment entities, pest control agencies, and experts in 
parasitic zoonoses, should help minimize future 
potential human infections. 
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Table. Measurements of 4 Angiostrongylus cantonensis male lungworms collected from rats trapped in Valencia, Spain, 2021* 
Morphologic character Range, mm Mean, mm 
Total length 14.08–21.08 17.21 
Maximum width 0.25–0.38 0.28 
Esophagus length 0.29–0.36 0.32 
Esophagus maximum width 0.07–0.09 0.08 
Distance from excretory pore to cephalic extremity 0.38–0.47 0.41 
Spicules length 1.14–1.27 1.21 
Gubernaculum length 0.10–0.13 0.11 
*one from Rattus norvegicus and 3 from R. rattus rats.  
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Trichinella nativa infection is associated with inges-
tion of parasitized sylvatic animals and periodic 

outbreaks among residents of northern Canada (1–3). 

In the Arctic region of Nunavik in Quebec, outbreaks 
associated with polar bear and walrus consumption 
have prompted public health interventions, includ-
ing a highly successful community-led active surveil-
lance system that examines hunted meat for evidence 
of Trichinella encystment (4,5). We report a 10-year 
case series of Trichinella infection in Nunavik and de-
scribe the laboratory features. Eosinophilia is a well-
characterized feature of infection that is readily avail-
able for most cases. We performed receiver operating 
characteristic (ROC) analysis to define an optimal 
threshold of eosinophilia to prompt reflex Trichinella 
antibody testing and rapid reporting to public health 
authorities for timely outbreak investigation (1–3).

In a retrospective test-negative case–control study, 
we reviewed laboratory and public health records to 
identify cases of trichinellosis in Nunavik that occurred 
from 2009 through 2019. Our study was approved by 
the Research Institute of the McGill University Health 
Centre Research and Ethics Board (REB #2020-5312). 

We first reviewed all requests for Trichinella se-
rologic testing sent from Quebec to the National Ref-
erence Centre for Parasitology, the only testing site 
for Quebec, during 2009–2019 (Appendix, https://
wwwnc.cdc.gov/EID/article/28/12/22-1144-App1.
pdf). To define an initial set of cases (with positive 
Trichinella serologic results), we selected specimens 
originating from Nunavik. One author (L.B.H.) re-
viewed the charts and confirmed cases if the clinical 
evolution was compatible with the positive serologic 
results. Because trichinellosis is notifiable by provin-
cial law, we cross-referenced cases with the public 
health database to identify other cases determined 
epidemiologically and reviewed those charts. We de-
fined a set of region-matched controls as those with 
negative Trichinella serologic results. Those controls 
are therefore persons from the general population, 
from the same region who had clinical manifestations 
that prompted testing for trichinellosis. Although 
serologic results early in the disease course could be 
negative, chart review of controls did not yield ad-
ditional suspected cases on the basis of clinical evo-
lution. We extracted available clinical and laboratory 
data by chart review at the McGill University Health 
Centre and at regional health centers in Nunavik. We 
calculated summary statistics and tests (t-test and χ2), 
comparing cases and controls by using R (6), and gen-
erated ROC curves by using the pROC R package (7).

We identified 43 cases of trichinellosis and a set 
of 31 region-matched controls (Table). We excluded 4 
possible case-patients with weakly positive serologic 
results but ambiguous clinical manifestations con-
sistent with past infection. Information on signs and 

Prolonged eosinophilia is characteristic of trichinellosis. 
To determine the optimal eosinophil threshold for reflex 
Trichinella testing, we examined all 43 cases in Nunavik, 
Quebec, Canada, during 2009–2019. Using receiver 
operating characteristic analysis, we determined that 
eosinophil counts >0.8 × 109 cells/L should prompt con-
sideration of trichinellosis and testing to rapidly identify 
potential outbreaks.
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Appendix Figure 1. Neighbor-joining tree based on the sequence of the cytochrome c oxidase subunit 1 

(COI) from a female Angiostrongylus cantonensis specimen from Rattus norvegicus and a male from 

Rattus rattus. 
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Appendix Figure 2. Neighbor-joining tree based on the sequence from the second internal transcribed 

spacer (ITS-2) gene region from two nematode specimens from Rattus norvegicus and Rattus rattus, 

respectively. 
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Appendix Figure 3. Map of the districts of Valencia showing the trapping sites of the 27 studied rats. 

Infected rats were trapped in districts 11, 16 and 18. 


