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Abstract 

The rat lungworm, Angiostrongylus cantonensis, is native to southeast Asia, but 

has invaded many areas around the world with the spread of its intermediate (snail) and 

definitive (rat) hosts. Humans are incidental hosts for Angiostrongylus cantonensis. When 

people ingest an infected gastropod intermediate host, the larval stage of the parasitic 

nematode migrates to the central nervous system where it is unable to complete 

development, and eventually dies. Indeed, presence of the nematode in children and 

adults manifests itself as eosinophilic meningitis.  Several cases of human infection in the 

United States have been reported in Texas and Louisiana, and a handful of small-scale 

studies have indicated A. cantonensis in snails of southern Florida. Our project provides 

the first intensive survey of terrestrial snails along the I-4 corridor in Central Florida. 

Through morphological and molecular techniques, the biodiversity of nematode species 

parasitizing terrestrial gastropods at thirteen heavily trafficked parks and green spaces 

was observed and the geographic distribution of native and non-native snail species 

infected with A. cantonensis was assessed. Our results suggest that the prevalence and 

intensity of nematodes infecting terrestrial snails are low, but morphological analysis 

does indicate the presence of rat lungworm. There is the potential risk of transmission to 

humans in these green spaces, as well as the potential need for monitoring intermediate 

host infections, especially as invasive snails become more common. 
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Introduction 

Gastropods are an immense group of invertebrates that have adapted to a variety 

of environments and act as suitable hosts for a number of parasites. Over 300 million 

people suffer from diseases caused by gastropod-borne helminths, specifically nematodes 

and trematodes (Gianelli 2016). These parasites are the causative agents for illnesses in 

both humans and animals, impacting not only public health, but also agriculture and 

economy. While epidemiological research has primarily focused on trematodes, climate 

change and increased global transportation will likely increase the presence of other 

gastropod-borne helminths (Gianelli 2016). Angiostrongylus cantonensis is a prime 

example of a nematode parasite about which there is little data regarding host interactions 

and transmission routes.  

Angiostrongylus cantonensis is a rat lungworm under the superfamily 

Metastrongyloidea, first discovered in southern China in 1935 (Cowie 2017). Adult 

metastrongylids have an indirect life cycle requiring multiple hosts for complete 

development. A. cantonensis localizes around the lungs in rodents, and the life cycle is 

initiated by shedding larvae in the feces. Intermediate gastropods ingest the first larval 

stage, or are penetrated by the nematode, hosting development of the parasite into its 

infective larval stage (Kim 2014). It takes about two weeks for the parasite to develop 

from the L1 to L3 stage, molting twice in the process (Maldonado 2012).  

A wide range of organisms also serve as paratenic hosts for rat lungworm, 

including shrimps, prawns, crabs, and toads. Instead of completing the life cycle with rats 

as definitive host, paratenic species provide increased routes of accidental infection in 

humans (Lai 2008). Other incidental hosts include dogs, birds, horses, and opossums.  
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Furthermore, novel research has indicated transmission can take place indirectly when 

snails shed the infective larval stage through their mucus or into water. Many gastropod 

species interact with garden produce, permitting human infection from consumption of 

raw and unwashed foods (Teem 2013). While diet in the United States may not include 

consumption of intermediate or paratenic hosts, undercooked vegetables are a realistic 

source of infection. 

When an accidental host, human or animal, is infected with rat lungworm, the 

parasite stops developing and does not reach sexual maturity. Instead, the nematodes die 

in the central nervous system, resulting in eosinophilic meningitis. Eosinophilic 

meningitis, with a high percentage of white blood cells in the cerebrospinal fluid, is a 

clinical manifestation characteristic of rat lungworm infections. Worldwide, there have 

been roughly 3,000 documented cases of rat lungworm infection in 30 different countries 

(Wu 2011). Most cases occur in the Pacific Islands and Southeast Asia, where rat 

lungworm is endemic. With that being said, reports from the western world have 

increased due to international travel and transportation of goods.  

To this day, the number of cases underestimates the actual prevalence of infection 

because there are still misdiagnoses and a general lack of recognition of symptoms. 

Several infections have occurred in children, and ocular infections have also been 

reported. Symptoms most often include headache, vomiting, and nausea; however, higher 

densities of parasitemia can cause fever, paralysis, and even death (Cowie 2017). 

Treatment for rat lungworm infection involves anti-helminthic drugs, corticosteroids to 

reduce inflammation, and pain medication to relieve symptoms.  
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The spread of A. cantonensis to previously uninfected regions has been 

investigated as outbreaks occur across the world. The lack of host specificity attributes to 

rat lungworm’s geographic expansion and emphasizes the necessity for further research 

on distribution and transmission to develop prevention and control strategies. Although 

information is limited, a correlation has been drawn in several cases between introduction 

of new snail species and parasitic infection. One study looked at the introduction of 

island apple snail, or Pomacea maculata, to the Gulf of Mexico. While only the 

populations established in Louisiana were found positive for rat lungworm, the snail’s 

presence in Texas, Alabama, Florida, Georgia, South Carolina, and North Carolina 

creates an ideal environment for A. cantonensis in the Southeastern United States (Teem 

2013).  

A recent publication from Oklahoma identified a gap in the understanding of 

habitat suitability for rat lungworm. The results confirmed a new definitive host species 

in a region outside the parasite’s expected geographic range, demonstrating the 

adaptability of the parasite and the potential impact of climate change on disease spread 

(York 2015). In the continental United States, human records of infection with A. 

cantonensis have been documented in Louisiana and Texas since introduction in the 

1980’s, while the present cases in Florida identifying the nematode are attributed to 

primates in captivity in Miami (Duffy 2004) or the invasive giant African land snail 

Lissachatina fulica (Iwanowicz 2015). 

The proposed research addresses a public health concern under-studied in Central 

Florida. A previous study from the University of Florida identified rat lungworm in 

Hillsborough and Orange counties, but their sample size and range of sampling sites were 
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limited (Stockdale 2017). There are currently insufficient data to determine the 

biodiversity of nematodes parasitizing snails and their corresponding distributions in the 

Tampa Bay and Orlando areas. Without this information, one cannot properly assess the 

abundance of A. cantonensis or the risk of human infection. The I-4 corridor serves as an 

ideal location for this study because of its proximity to numerous urban centers and its 

variety of terrestrial snail populations. This study looked more specifically for nematodes 

in Central Florida, taking a larger sample size of gastropods from multiple locations in 

each county.  

We suspected that rat lungworm would be found in multiple localities from 

Tampa to Orlando along the I-4 corridor, based on evidence from past literature. 

Furthermore, the horticultural industry in Florida has been introducing non-native snail 

species for several decades, providing an entry point into the ecosystem and a greater 

selection of hosts for the parasite.  

 

Methods 

Snail Collection 

Native and non-native snails were collected from thirteen locations along the I-4 

corridor from Largo to Orlando, where the habitat was moderately influenced by human 

activity (Figure 3). Snails were commonly found in the leaf litter underneath branches 

and moss, and on the underside of leaves. They were also collected by the roots of 

bromeliads and other ornamental plants often placed in landscaped beds at public parks 

and near golf clubhouses. Each collection site was frequented several times, acquiring 20-

40 snails per field visit. Most snails were acquired in the morning when the ground was 
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still moist and the temperature was cooler to avoid the summer heat. On average, each 

site sample totaled to 78 snails.  

 

 
Figure 3: Google map image of sampling locations within Central Florida: Hillsborough, 
Orange, Pinellas, and Polk Counties. Public parks were selected based on city population 
and proximity to urban centers, golf courses and privates residences were selected based 
on access to the public and proximity to urban centers.  
 

Snail Identification and Dissection 

The living snails were brought back to Florida Southern College’s laboratory for 

identification and dissection, examining for different species of parasitic nematodes, 

particularly Angiostrongylus cantonensis. Snails were photographed, measured, and 

dissected within 60 hours of collection to ensure viability. All dissection materials and 

microscopes were provided by the laboratory.  A total of 1,008 terrestrial snails were 

dissected from May to November 2018 (Table 1). Morphological identification of 

gastropods was confirmed using compiled current literature and diagnostic keys.  
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Table 1: Number of snails collected from each sampling site  

Location Number of Snails Collected 

1. Largo Golf 62 

2. Babe Zaharias Golf 76 

3. Seminole Heights Garden 46 

4. USF Golf 68 

5. Lettuce Lake Park 68 

6. Lone Palm Golf 78 

7. Campus-owned House 99 

8. Frank Lloyd Wright House 100 

9. Common Ground Park 62 

10. Peterson Park 100 

11. Dubsdread Golf 33 

12.  Orange Tree Golf 122 

13.  Champions Gate Golf 94 

Total 1008 
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Parasite Extraction and Identification 

 Any parasites, particularly nematodes and trematodes, were preserved in seventy 

percent ethanol. In an attempt to prevent the nematodes from curling up and forming 

coils, they were kept in glass dishes with tap water, adding 2-3 drops of ethanol 

periodically until their movement slowed and their bodies straightened (Smith 2015). 

This process could take thirty minutes or as long as three hours. The parasites were stored 

in parafilmed glass vials until I was ready to observe their morphological structures. 

Before nematode identification, I cleared each nematode, adding 3-4 drops of glycerol to 

the vial every few days until internal structures were visible underneath a microscope. 

Morphological identification relied on published images and accepted descriptions of 

nematodes parasitizing terrestrial gastropods. 

 

Nematode Molecular Identification 

A handful of nematodes were saved in vials with ninety percent ethanol in order 

to preserve the DNA for molecular analysis. Training in Polymerase Chain Reaction 

(PCR) was  necessary to verify the presence of rat lungworm through molecular analysis 

of the internal transcribed spacer 1 (ITS1) region, using an assay based on a previously 

published study (Qvarnstrom 2010). DNA extraction followed the Qiagen Blood and 

Tissue Kit protocol, and PCR cycles and temperatures were adjusted according to past 

publications. Data was collected and prevalence and intensity of nematodes was 

interpreted using statistical analysis (Grewal 2003). 
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Results 

 Snails from five of the thirteen locations were infected with nematodes, extracting 

thirty nematodes from eighteen different terrestrial snails (Figure 4). The total prevalence 

of snails parasitized with nematodes was found to be 1.8%, with an overall intensity of 

1.67. Broken down by each of the five locations, the prevalence ranged from 1% to 

approximately 15% and the intensity ranged from 1.0 to 1.9 (Table 2). The highest 

intensity of rat lungworm infection was five nematodes in one snail. It is important to 

mention that other parasites, including mites, cercariae, and adult trematodes, were also 

observed and stored in ethanol for future projects. Parasitic coinfection was identified, 

although highly rare. 

Eleven snail species were collected and identified, both native and non-native. 

Three of the species were infected with rat lungworm larval stages. Species that were 

identified as intermediate hosts for rat lungworm from previous studies but were not 

infected in this study include Allopeas gracile, Subulina octona, Succinea unicolor, 

Ventridens demissus, and Zachrysia provisoria. All of these snails except for Ventridens 

demissus are not native to Florida, but have been introduced into the ecosystem. 

Planorbella duryi, Polygyra cereolus, and Polygyra septemvolva are three native species 

that were not infected with nematodes, and a review of the literature indicated that there 

were no prior infections in these snails. These findings seem to suggest that some species 

are not good hosts for, or even refractory to, parasitic infections.  

The three species I found with A. cantonensis infections were Bradybaena 

similaris, Euglandina rosea, and Zonitoides arboreus. Bradybaena similaris is an 

invasive tramp snail, originally from Asia, that can be found in high abundances on 
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bromeliads and other ornamental plants used for landscaping. Thirteen Asian tramp snails 

were infected with 23 nematodes of the 423 snails collected from multiple locations, 

yielding a 3.07 percent prevalence and 1.85 mean intensity. The one Euglandina rosea, 

rosy wolf snail I collected from a campus-owned house was infected with a single 

parasite. The prevalence was 100% and mean intensity 1.0, but these are not statistically 

significant values. However, it is noteworthy that the rosy wolf snail is not only native to 

Florida, but it is also a cannibalistic snail. This means that it eats other native and non-

native snail species. In fact, when I dissected it there were shell remnants of an invasive 

Allopeas gracile snail. These results suggest a mode of transmission for rat lungworm 

from invasive snails to Florida’s native species. One-hundred and seventy-eight 

Zonitoides arboreus snails were collected, of which four were intermediate hosts for rat 

lungworm. The prevalence was 2.25% with a 1.25 mean intensity. 

 
Figure 4: Google map image denoting with yellow stars the five sites out of thirteen with 
nematode infections (only ten locations labeled).  
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Table 2: Prevalence and intensity of rat lungworm infections in snails broken down by 
collection site  

Location Prevalence  Intensity 

Babe Zaharias Golf 3.9% 1.68 

USF Golf  14.7% 1.9 

Lone Palm Golf  2.6% 1.5 

Campus-owned House 2.0% 1.0 

Frank Lloyd Wright House 1.0% 1.0 

 
 
Table 3: Number of snail specimens collected of each species identified 

Snail Species  Number Collected 

Allopeas gracile 33 

Bradybaena similaris 423 

Euglandina rosea 1 

Planorbella duryi 3 

Polygyra cereolus 7 

Polygyra septemvolva 59 

Subulina octona 83 

Succinea unicolor 83 

Ventridens demissus 39 

Zachrysia provisoria 99 

Zonitoides arboreus  178 
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Angiostrongylus Identification  

The parasites were identified through morphological features described and 

pictured by the current relevant literature. After a thorough review of the publications, I 

assembled a list of characteristic features indicative of rat lungworm. Like most 

nematodes, A. cantonensis has a rapid, S-type movement (Lin 2013). The larval stages 

have a distinct esophagus, a filariform bulb and nerve ring concentrated in the anterior 

portion of the worm, highly visible lateral striations, and a round anterior extremity 

(Moreira 2013). What sets apart A. cantonensis from other larval worms in the same 

genus is the presence of a pointy tail (Ash 1970). 

 Magnification under a compound microscope confirmed that all 30 nematodes 

collected did not have reproductive structures and were in the larval stage. All but one of 

the nematodes were identified as rat lungworm. The single unidentified juvenile was too 

damaged and curled up from the ethanol to properly observe its morphological structure. 

The 29 nematodes identified as rat lungworm were in different larval stages, with 

variations seen between the L1,L2, and L3.  

The L1 morphology was characteristic of rat lungworm, except they were smaller 

with faint lateral striations. The L2 had one cuticle surrounding the worm from the first 

molt, and there were no alae present. The alae show up in the L3 after the second molt 

(Zeng 2013). There are two cuticles visible on the L3 larvae, and the alae structures form 

a knob-like tip at the round anterior extremity. They can be seen in Figure 8(C) forming 

ribbons that extend down the worm from the anterior end.  
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 Figure 7: Images detailing the morphological features indicative of rat lungworm: (A) 
Pointy tail. (B) Lateral striations. (C) Distinct esophagus. (D) Round filariform bulb and 
nerve ring.  
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Figure 8: Images depicting larval stages of rat lungworm: (A) L1 with faint lateral 
striations. (B) L2 with 1 cuticle formed. (C) L3 with 2 cuticles and alae present at the 
anterior end. 
 

Molecular Analysis 

 The molecular portion of this project is still ongoing. DNA from the five 

nematodes preserved in ninety-five percent ethanol was extracted following the tissue 

protocol from the Qiagen DNeasy Blood and Tissue Kit. An agarose gel (0.8%) was run 

to confirm successful DNA extraction, but no DNA bands were visible. I combined the 

two elutions from each sample in an effort to yield more DNA, performing an ethanol 

precipitate. Using a NanoDrop to quantify the DNA isolated from the ethanol precipitate, 

I found small volumes of DNA. Even though the volumes were close to the standard error 

value, I amplified the samples through Polymerase Chain Reaction (PCR) to see if I 

could obtain enough product to send off for sequencing and molecular confirmation of rat 

lungworm. The agarose gel from the PCR products did not indicate the presence of DNA. 

One hundred more snails were collected, extracting one nematode that is currently 

preserved in ninety-five percent ethanol and awaiting DNA extraction and PCR for 

sequencing.  

 

Statistical Analysis  

When running statistical analyses on the prevalence of parasitic infections, I 

found no significant difference between the prevalence in eastern and western collection 

sites, nor did I find statistical significance among prevalence of the three types of 

sampling locations. I compared the mean intensity using the same qualifiers, but the 

sample size of infected snails was too small to run a Mann-Whitney test.  
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Figure 5 is a graphical representation comparing the mean intensity of the six 

western locations and 7 eastern locations. Three of the six western locations were found 

positive for rat lungworm, while only two of the seven eastern locations hosted parasitic 

infections. The 6 western locations consisted of 1 public park, 1 private residence, and 4 

golf courses. The 7 eastern locations consisted of 2 public parks, 2 private residences, and 

3 golf courses. Figure 6 looks at the three types of collection sites. Of the seven golf 

courses sampled, three had varying levels of parasitic infections. Two of the three private 

residences contained infected snails with a mean intensity of 1.0.  Zero of the three public 

parks were identified as having rat lungworm present inside snail populations.  

 

 
Figure 5: Graph comparing the mean intensity of nematode infections in terrestrials snails 
from the west coast and those from the east coast.  
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Figure 6: Graph comparing the mean intensity of nematode infections among different 
types of sampling sites.  
 

Discussion 

As a result of this study, we expected to identify the presence of rat lungworm in 

Polk County and nearby localities, because a previous study conducted by the University 

of Florida found positive results for Hillsborough and Orange Counties. We expected 

there to be a likelihood for transmission to humans based on past reports from Hawaii, 

Texas, and Louisiana and the suitable habitat and climate of Central Florida. Based on 

morphology, we are certain that rat lungworm infects snail populations in Central Florida 

along the I-4 corridor. Although molecular analysis has not yet been completed to 

confirm morphological identification, the potential exists for accidental human 

transmission from intermediate or paratenic hosts.  
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Although Central Florida provides a suitable habitat for rat lungworm, the parasite 

does not belong in the ecosystem. Rat lungworm is an invasive parasite that has been 

introduced to the area through invasive snails, the intermediate host. Human infection 

with rat lungworm can occur more frequently than expected because many snails are so 

small that they are unnoticeable when consumed, and their residue containing the 

parasitic nematode can persist on a variety of produce. Several species of terrestrial snails 

have been introduced to Florida in the past century, potentially providing a larger 

quantity of more appropriate intermediate hosts for rat lungworm. This study suggests a 

need for greater community awareness and public health outreach.  Local physicians and 

veterinarians should be better advised on the risk of rat lungworm and more accurately 

consider parasitic infection when diagnosing neurological diseases.  

Terrestrial snails and the nematodes parasitizing them are under-studied, 

especially in Central Florida. Previous studies published on Angiostrongylus cantonensis 

did not extensively survey snail communities in the Tampa Bay and Orlando areas. I have 

gained invaluable experience familiarizing myself with the different species, contributing 

to the scientific knowledge regarding the biodiversity of parasitic worms and terrestrial 

snails along the I-4 corridor.   

This study provided a better understanding of the abundance and distribution of 

rat lungworm in multiple counties of Central Florida. Looking at a larger sample size of 

intermediate hosts provided observational information regarding the suitability of native 

and non-native gastropods for parasitic inhabitation. This parasitic nematode is the 

causative agent for meningitis in other states with similar climate to Florida, so there is a 
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possibility that rat lungworm could become a major public health concern in the 

Southeastern United States.  

Although the prevalence and intensity of nematode infection were relatively low, 

this is not uncommon for parasites in intermediate hosts. The prevalence of rats infected 

with rat lungworm is much higher, reaching upwards of twenty percent of the population 

in one sampling period (Stockdale 2017). The intensity of infection is also greater, since 

rats may eat 10-15 snails per day, gradually acquiring more parasites. With such a 

pervasive definitive host, it is not difficult to predict rat lungworm showing up in other 

counties with an increased number of cases.  

Considerations for public health include the intentional consumption of raw or 

undercooked snails. This practice may not be common-place, but the risk of transmission 

is greater when paratenic hosts are evaluated in addition. There is a more likely chance 

for someone in Central Florida to eat crabs, shrimps, and prawns. Accidental 

transmission can even occur via fresh lettuce or unwashed produce taken from a home 

garden. Children are the most susceptible to rat lungworm infections, picking up small 

snails in the yard and placing their hands in their mouths after digging in the dirt. Based 

on my research, it appears that golf courses and the landscaping near the club houses are 

also potential areas with an elevated risk of transmission. 

While the development of this project has filled in part of the gap, it also 

highlights areas of scientific literature still needing improvement. The morphological 

keys identifying gastropods in the Southeastern United States are outdated and contain 

unresolved taxonomic discrepancies. A lengthier, more extensive survey of these snail 

communities would uncover recently introduced species and yield a more accurate 
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abundance and distribution of each species. In addition, the lack of literature addressing 

parasitic infections in terrestrial snails of Central Florida misrepresents the prevalence 

and biodiversity in the ecosystem. Even though my research produced a qualitative 

overview, further work identifying the trematodes and assessing transmission is integral 

for the understanding of local parasitic populations. 
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