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Abstract
The emerging infectious disease angiostrongyliasis (rat lungworm disease) is 
caused by ingesting snails and slugs infected by the nematode Angiostron-
gylus cantonensis. The definitive hosts of A. cantonensis are rats and the 
obligatory intermediate hosts are slugs and snails. Many cases result from 
accidentally ingesting infected snails or slugs on produce (eg, lettuce). This 
study assessed three readily available household products as washing solu-
tions for removing snails and slugs from produce (romaine lettuce) to lower 
the probability of accidentally ingesting them. The solutions were acetic acid 
(vinegar), sodium hypochlorite (bleach), and sodium chloride (domestic salt). 
Snail and slug species known to be intermediate hosts and that are common 
in the Hawaiian Islands were used in the experiments: the alien snail Suc-
cinea tenella, the alien semi-slug Parmarion martensi, and the alien slugs 
Veronicella cubensis and Deroceras laeve. None of the products was any 
more effective than washing and rinsing with tap water alone. Most snails 
and slugs were removed after treatment but some remained on the lettuce 
even after washing and rinsing the produce. Only washing, rinsing, and then 
rinsing each leaf individually resulted in complete removal of all snails and 
slugs. The study did not address removal of any remaining slime left by the 
snails and slugs, nor did it address killing of worms.
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Introduction
Emerging infectious diseases are having an increasing impact 
on the global economy and on public health, brought about by 
a diversity of social, economic, and environmental factors.1 
Proper public health management, including management of 
hosts of parasites that cause disease, is a key component of the 
prevention of future proliferation of such diseases.
	 Infection by the nematode Angiostrongylus cantonensis 
(angiostrongyliasis) is one of the main causes of eosinophilic 
meningitis, the disease commonly called rat lungworm disease.2,3 
As a disease that is not widely known or understood by medical 
practitioners, and because mild cases may not be diagnosed 
and the aetiological agent therefore remains undetected, it 
may spread rapidly without being noticed.4. Severe cases may 
result in long term neurological damage, coma, or death. The 
parasite and cases of the disease have been reported from many 
Pacific Islands as well as widely in southern and eastern Asia 
and elsewhere,5 with recent outbreaks leading to considerable 
attention in Hawai‘i.6,7

	 Rats are the definitive hosts and the intermediate hosts of the 
parasite are snails and slugs (henceforth “snails”, as slugs are 
simply snails that have lost or internalized their shell through 
evolution). Humans become infected as accidental hosts by 
ingesting third stage A. cantonensis larvae carried by snails. 
As in the natural definitive rat host, these third stage larvae 

penetrate the intestine wall and enter the circulatory system, 
from where they cross into the central nervous system, eventu-
ally reaching the brain where they mature to the fifth (subadult) 
stage.8 However, instead of returning to the circulatory system 
to mature and reproduce in the pulmonary artery, as in the rat, 
with newly hatched first stage larvae passing up the rat’s trachea 
to be swallowed and expelled in the feces, these subadult worms 
move around within the human brain, eventually dying there. 
The resulting neurological damage within the brain, combined 
with the immunological response to the worms, especially the 
dead worms, causes eosinophilic meningitis.8,9

	 People can become infected by intentionally eating raw or 
under-cooked snails, which in some countries are considered 
a delicacy, notably Thailand10 and China.11 Other cases have 
involved acquiring the infection by ingesting a snail on a dare 
or for a bet.12,13 More widely, however, infection results from 
accidental ingestion of raw snails, or paratenic hosts such as 
flatworms, on some types of produce.14-17 New thrusts to eat 
more fruit and vegetables, grow your own, and buy produce 
from local growers, for instance at farmers markets, mean that 
it is important to increase public awareness of the possibility 
of being infected by this route and of how to reduce that pos-
sibility.
	 To prevent infection it is therefore important to ensure that 
produce is free of infected hosts. Careful washing of produce is 
recommended, especially of green leafy vegetables that grow in 
close proximity to places where snails live.18,19 The aim of the 
present study was to test various commonly available house-
hold products to assess their efficacy, compared to tap water, 
as washing solutions for removing snails from produce, in the 
present case from romaine lettuce.

Methods
Snails
When snails are active, they produce mucus that allows them 
to adhere better to produce. Therefore, it was necessary that 
the experimental snails were active during the washing experi-
ments. However, some of the snails were to be placed within the 
lettuce head such that it would not be possible to observe their 
activity. Preliminary experiments were therefore performed to 
determine the mean time from being placed on a lettuce head 
for the snails to become active. A fresh romaine lettuce head 
was used for each trial. Having been stored in a refrigerator 
to keep them fresh, lettuce heads were first allowed to reach 
room temperature (around 25 °C). The snails were then placed 
on top of the lettuce head and the time it took for all snails to 
become active was recorded. Snails were considered active 
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when their tentacles were out and they were crawling. Adults 
and juveniles of four gastropod species were used (Table 1), all 
of which are introduced agricultural, horticultural, or garden 
pests in Hawai‘i and commonly encountered.20,21 Each trial 
consisted of three snails from one of the eight categories (4 
species, 2 age classes) and each trial was replicated three times 
(72 snails in total). The mean time to activity of the nine snails 
in each category was used in the washing experiments as the 
time from placing the snails in/on the lettuce head to the start 
of the washing treatment.

Washing Experiments
The three washing solutions used were sodium hypochlorite 
(0.09%), acetic acid (1%), and sodium chloride (3%), with tap 
water as the control. These concentrations were chosen because 
experimentally 0.09% sodium hypochlorite (equivalent to 1.5% 
household bleach) and 1% acetic acid both reduce infectivity 
of  the closely related parasite A. costaricensis by 100%, and a 
3% cooking salt solution inactivates other parasites.22 Dilutions 
of all solutions were prepared with tap water.
	 Four 15 l tubs were used for the washing experiments, one 
per wash solution, with 7.5 l of each solution in each designated 
tub, maintained at room temperature (ca. 25 °C). Each of the 
eight snail categories was tested separately. As above, a fresh 
lettuce head was used for each trial. Three individuals of the 
same age class were placed on/in the lettuce head: one in the 
center of the lettuce head, one outside the center but among 
the inner leaves, and one on the outside of the lettuce head. 
Each trial was replicated three times. Thus, for each treatment 
72 snails were used, for a total of 288 snails across the four 
treatments. For each trial, the lettuce head with the snails was 
submerged completely under the wash solution, allowing all 
areas of the produce to be exposed to the solution, and left to 
soak for 10 min. Since the lettuce heads tended to float, they were 
turned over after 5 min so that the entire head was thoroughly 
soaked. The lettuce head was then removed and rinsed under 
cold flowing tap water for 10 s (from top to base of lettuce). 
The lettuce was then turned upside down and shaken. The 
numbers of snails that fell off during the washing and rinsing 

Table 1. Gastropod species used in the experiments, with age 
class and size.
Species Juvenile Adult
Veronicella cubensis (slug) 10-20 mm 21-40 mm
Succinea tenella (snail) 4-5 mm 6-7 mm
Deroceras leave (slug) 10-15 mm 16-25 mm
Parmarion martensi (semi-slug)a 10-20 mm 21-35 mm

aSemi-slugs have a rudimentary shell into which they are not able to retract

Table 2. Percentage of snails removed by species and age class after washing only and after washing and rinsing.
Snail species Age class Percentage of snails removed

Tap Water Bleach Vinegar Salt
After wash After wash 

+ rinse
After wash After wash 

+ rinse
After wash After wash 

+ rinse
After wash After wash 

+ rinse
Succinea tenella Juvenile 44 78 22 56 33 56 44 67
Succinea tenella Adult 22 33 22 100 44 89 33 100

Veronicella cubensis Juvenile 11 100 22 100 33 100 0 100
Veronicella cubensis Adult 33 78 33 89 22 89 33 67

Deroceras laeve Juvenile 44 100 33 89 33 78 33 78
Deroceras laeve Adult 22 89 33 67 33 78 33 89

Parmarion martensi Juvenile 89 100 44 67 33 67 78 89
Parmarion martensi Adult 67 100 56 67 67 67 44 78

and their locations were recorded. Each leaf was then removed 
individually to record snails that had not been removed. Lastly, 
each individual leaf was rinsed under cold running water and 
the snails still remaining recorded. Each snail and lettuce head 
was used for one trial only. Logistical regression (MiniTab 16) 
was used to determine how removal rates varied according to 
species, age class, location on produce, and wash solution.

Results
Complete removal of all snails was not achieved for any species 
using any of the wash solutions (Table 2). However, several 
solutions were successful in completely removing certain age 
classes of particular species after washing and rinsing (Table 2). 
Washing and rinsing with tap water was effective in completely 
removing juveniles of Veronicella cubensis and Deroceras laeve 
and both juveniles and adults of Parmarion martensi. Bleach 
was effective in completely removing adult Succinea tenella 
and juvenile Veronicella cubensis. Vinegar was only effective 
in completely removing juvenile Veronicella cubensis. Salt was 
effective in removing adult Succinea tenella and Veronicella 
cubensis. All (100%) snails were removed only after washing, 
rinsing the whole lettuce head under cold running tap water, and 
then washing each individual leaf under cold running tap water. 
Almost all the snails placed on the outside of the lettuce heads 
were removed by the washing procedure (Table 3); only seven 
of the 96 snails were not removed by the washing procedure: 
two in the tap water control, four in the sodium hypochlorite, 
and one in the sodium chloride treatments (Table 3). However, 
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Table 3. Numbers of snails removed by washing alone and numbers removed by washing and rinsing.
Location of Lettuce Numbers of snails removed

Tap Water Bleach Vinegar Salt
After wash After wash 

+ rinse
After wash After wash 

+ rinse
After wash After wash 

+ rinse
After wash After wash 

+ rinse
Center 2 17 0 15 2 10 1 13
Inner 8 22 2 20 11 23 6 22
Outter 22 24 20 24 24 24 23 24

these seven remaining snails were subsequently removed dur-
ing the tap water rinsing process. In contrast, of the 96 snails 
in the center of the lettuce head, only five were removed by 
the washing procedure: two in the control, two in the acetic 
acid, and one in the sodium chloride treatments. Another 50 
were removed during the subsequent tap water rinsing (Table 
3) but this meant that 41 out of the 96 snails remained in the 
center of the lettuce head following the entire washing and 
rinsing procedure.
	 The results of the logistic regression indicated very few 
significant differences among species, adults and juveniles, or 
position on/in the lettuce head with regard to the likelihood of 
being removed. However, there were a small number of sig-
nificant differences among categories regarding the probablity 
of being removed after only the washing: juvenile Veronicella 
cubensis (P = .026) and Parmarion martensi (P = .043), Par-
marion martensi in the inner (P = .001) and outer (P = .015), 
but not center locations, and Succinea tenella (P = .011) on the 
outer location all had a higher probability of being removed 
than other snail/age class/position combination.

Discussion
The three experimental washing solutions were chosen as being 
readily available in most domestic residences, sodium hypo-
chlorite (bleach), acetic acid (vinegar), and sodium chloride 
(cooking salt). Simply washing and rinsing with water was 
just as effective overall as washing and rinsing with any of 
the experimental solutions. The procedure was not perfect, as 
some snails did remain in the lettuce head following washing 
and rinsing. 
	 Although a few snail species and age class combinations 
were identified by the logistic regression analysis as being 
more readily removed than most others, overall, there were 
no general trends. However, snails in the center of the lettuce 
heads tended to be less readily removed, presumably because the 
solutions did not fully penetrate to the center and/or they were 
less readily dislodged by washing and rinsing, being wedged 
more tightly between the leaves.
	 Numerous snail species can act as hosts of A. cantonensis 23 
and they probably differ considerably in the ease with which 
they can be removed from produce by washing and/or rinsing. 
The fact that some individuals of all species were not removed 
remains a cause for consideration. Only just over half the snails 

placed in the center of the lettuce were removed by the wash-
ing and rinsing. Thus if each leaf were not washed and rinsed 
separately, snails would remain in the lettuce head. If the lettuce, 
or similar produce, were subsequently chopped up and prepared 
for consumption, these snails would go unnoticed. Even if the 
snails themselves were chopped up the worms would prob-
ably remain viable and infective for some time. This may be 
particularly important when blending raw produce for drinks.24

During the experimental washing treatments, in particular the 
acetic acid and to a lesser extent the sodium chloride treatments, 
the snails produced a lot of slime. Ingestion of slime containing 
infective A. cantonensis on produce has been thought of as a 
possible way people could become infected, but is generally 
considered of minor significance.25-27 Nonetheless, produc-
tion of large amounts of slime, possibly containing infective 
larvae, during washing with these solutions further indicates 
that washing with water alone, although some slime may still 
remain, is the most appropriate treatment. This study did not 
address killing the worms.
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