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Abstract

Background

Influenza A viruses have the remarkable characteristic of sustainability in the environment. Mucus from snails
contains sialic acids as the one that may allow avian influenza virions to bind to the vertebrate host cell
membrane. Subsequently snails could potentially promote persistence and/or concentration of influenza Avirions
through mucus, in wetland environment when virus is released from bird infected feces.

Methods

This article describes experimental research on the potential outcome of apple snails regarding the persistence
and concentration of the H5N1 influenza virions in fresh water. The presence of virus was detected from water
and snails by hemagglutination test, and H5N1 viral genetic material determined by quantitative RT-PCR

Results

Active virus in the water was demonstrated up to twelve days after water infestation without snails, and up to
fourteen days with snails. Also, up to eleven days, the virus and genetic material were detected and tittered from
snails. Although the presence of snails did not significantly change the persistence of H5N1 virus in the water,
number of positive snail sampled and quantitative RT-PCR data suggest that snails may have the ability to
concentrate and carry viral particles.

Conclusions
Ultimately snails could play a role in the virus ecology by concentrating viral particles from water and

facilitating virus contact with the bird hosts that feed on them.
. J

animal and human health. Virus emergence, spread and re-emergence
among bird livestock remain unanswered, while conditions of
persistence in wild are poorly understood. Some wild birds are a
natural reservoir of AI viruses (AIV), but other wildlife may also
participate for the maintenance and/or dissemination the Al H5N1
virus in its natural freshwater habitats including bivalves, zebra

Keywords: H5N1; Fresh water snail

Introduction

A virus (Orthomyxoviridae family, Influenza virus A genus) had
spread to Asia in 2003, it then, expend further widely into Africa and

Europe. Since the major 2004 and 2005 epidemics the virus reappeared
regularly in many countries without clear understanding of the
fundamental of such re-emergences. Nowadays, endemic in several
areas (e.g.: Egypt, South East Asia), Al remains a major threat to

mussels, or water fleas among others [1-3] representing an abundant
food source, while no studies have been conducted on snails, for wild
birds.
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The receptors of AlVconsist of sialic acid (SA) derived from a
monosaccharide linked to the galactose of a glycoprotein or a
glycolipid embedded in the host cell’s membrane and involved in the
processes of cell recognition and virus adhesion. N-acetyl-neuraminic
[NeuAc], and N-glycolyl-neuraminic [NeuGgc] are the SAs detected by
ALV including two types of osidic linkage between SA and galactose
(a2,3linkage or 2,6 linkage) [4]. The structure of AIV hemagglutinin
determines which SA virion can bind to. Species’ specificity for AIV is
directly related to the presence on the surface of the host cells of SAs,
which possess these characteristics. AIV-A hemagglutinin bind
preferentially to SA type NeuGc with the a2, 3 linkage. These SAs are
present in the epithelial cells of the avian digestive tract, and
determines the digestive tropism of AIV in birds [5]. Snails, of
freshwater or land, have mucus that contains SAs similar to those that
allow AIV to bind to the cell membrane producing these acids [6].
Therefore snails may promote or maintain the concentration of
Influenza virions (notably AIV) in the environment, without
necessarily being infected by the virus. Eaten by birds, they could be a
link in the eco-epidemiological chain of bird transmission. Research in
persistence conditions and existence of non-avian vectors or reservoir
raises questions on the potential role of water snails in favoring the
concentration and persistence of the virions in nature.

In Thailand, the golden apple snail Pomaceacanaliculata
(Ampullariidae family) is widespread in the lake areas and wetlands
including rice fields, canals, ponds, among others, which are
furthermore visited by many wild and domestic birds, indeed, snails
are an abundant food source for many wild waterfowl species (e.g:
open-bill storks) and domestic birds (e.g. free-range ducks) [7]. AT hits
Thailand from 2003 to 2008 [8], and some communities of birds, with
among them storks, were largely depopulated during the 2004 and
2005 epizootics [9]. Moreover, a correlation between Al and free-
range ducks has also been identified in Thailand [10,11].

It was demonstrated that the influenza virus could persist in water
for a few hours to several months depending mainly on the viral strain,
the temperature and physico-chemical conditions of the water. At
17°C some Al strains remain infectious for more than 200 days, while
ALV persistence in water is inversely proportional to the temperature
and salinity [12,13]. Thus, at a temperature of 30° C (conditions
frequently encountered in Thailand), the persistence of an AIV is less
than 10 days [14], moreover H5N1 virus is inactivated after 30 minutes
by sunlight with a temperature between 32°C and 35°C [15].

The objective of the present work is to assess the potential role of
freshwater apple snails on the persistence and concentration of H5N1
virus particles in water. This was conducted under experimental
conditions close to natural environmental conditions found in
Thailand’s wetlands and swamps visited by birds (rice fields, lake
areas, protected breeding sites).

Methods

The study was done using the AI A virus subtype H5N1 strain A/
Chicken/Thailand/VSMU-3-BKK/2004 highly virulent in poultry
(close to 100% lethality in infected flocks). Isolates were sequenced at
the Faculty of Veterinary Science Laboratory, Mahidol University,
Thailand [GenBank: EF593099;EF593106] and, virus suspension
produced by cultivating the virus in embryonated eggs with an optimal
titer of 2.14x106 TCIDso/ml established by MDCK cell culture [17].

The animal model is an invasive common species of freshwater
snail, Pomaceacanaliculata,a gastropod mollusk known as “Apple

snail” (Figureld), found in the resting sites of waterfowl and migratory
birds in Thailand. Apple snails possess both a gill and a pseudo-lung,
allowing them to live in and out of the water [18]. Apple snails can
reach a large size (a shell up to 80 mm in females) and longevity can
reach four years [19]. They have a high reproductive rate and the
ability to adapt to the environment and difficult living conditions.
Although Apple snail is herbivorous, in the absence of food it can
become cannibalistic or simply feed on dead animals. Voracious, it is
competitive with native species of snails [18-21]. Apple snail is native
of South America, it was introduced to Asia in the 1980s in order to
launch commercial production for human consumption [22,23] that
finally failed, and farms were closed but many specimens escaped. Its
presence in Thailand was notified in 1982, considered as an invasive
species in 1988, and reported from 43 provinces, out of 72, by 1996
[18]. They cause havoc in many rice fields because they damage the
young shoots [24]. However, they provide an important source of
protein for wild birds and free-range ducks brought by farmers to the
rice fields after the harvest. An minimum average of one snail per
square meter can be found in this environment (Figure la, b)
[10,11,25]. They are particularly numerous in house vicinity where
they feed on waste, and tolerate polluted environments. They lay their
eggs in large quantities on vegetation above water, seen as very
characteristic pink clusters (Figure 1c).

For our study, we raised snails from wild eggs in order to have a
significant number of adults with known characteristics. We had
prepared five medium tanks (50 cmx25 cmx32 cm) containing mineral
water (15cm in depth) and the bottom lined with stones, gravel, and
sand. The water was oxygenated with a pump to facilitate the
development of bacterial flora and nitrogen cycle. After harvesting the
eggs in the wild (clusters of hundred eggs attached to a plant stem),
they were placed in an aquarium at room temperature (between 28°C
and 32°C) above water.

Days before infestation Mortality
-60 407 (0)2
56 395 (8)
-53 389 (4)
-48 374 (11)
-43 349 (16)
-38 345 (4)
.33 340 (4)
-31 337 (4)
-14 278 (14)
-10 275 (4)

Table 1: Daily snail mortality during following a two months period
before experimental infestation done on the water.

a: Total (% mortality)

After 2 to 6 days eggs fell naturally into the water where they
hatched. Juvenile snails were fed with lettuce, cabbage, and a
supplementation protein was added by a provision of commercial fish
food. A supply of minerals was also provided by addition of chicken
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eggshells in the aquarium. Mortality was high in the early days but
stabilized quickly (Table 1). After three months of rearing, the snails
had reached adult size of 1 to 3 cm.

-
-

Figure 1: Apple snail and duck natural environment

(a) Free grazing wild ducks in rice fields after harvesting (Thailand).

(b) Free grazing semi-domestic ducks in rice fields after harvesting
(Thailand).

(c) Apple snail eggs laid on water grass in natura (Thailand).
(d) Pomaceacanaliculata (Apple snail)

Three plastic containers (39x27x18 cm) were introduced into a
poultry isolator in ABSL-3 laboratory and prepared one week before
the experiment in order to establish abiotic conditions. Each container
contained ten liters of mineral water, stones and gravel, with diffusors
to oxygenate the water. Non-hermetic lids closed the containers. The
hand-raised snails were introduced into two containers (60 specimens
per container), one container remaining only with water, without
snails. The temperature was set at 30°C, close to natural conditions,
and daily checked (Figure 2).

The same dose of H5NI1 virions was added to the three containers
and, samples taken from water and snails to test for presence of active
virus. Snails were dissected to separately collect different organs
including, gills, pseudo-lung, intestines and foot.

Samples (water and snails) were cultured by inoculation into the
allantoic fluid of embryonated chicken eggs (fertilized and incubated
for 9 to 11 days). Allantoic fluid was then collected and tested by
Hemaglutination Test (HT) for the presence of the active virus.
Quantitative RT-PCR (qQRT-PCR) was performed to confirm positive
HT and to measure the sample virus concentration.

in snails and, u the probability of detecting the virus (sensitivity of HA after culturing the virus in embryonated chicken eggs). “u

Figure 2: Experimental containers set up in the poultry isolator of
ABSL-3 type

In nature, it is estimated that infected ducks release 107 TCID50 per
ml in their droppings [16]. Under natural conditions, the viral
concentration in water after dejection can be estimated between
10%and 10°TCIDsgper ml based on the estimation that one dropping
(20 to 30 g per day) contaminate between 100 liters (i.e.: in a rice field)
and 1000 liters of water in a pond. The viral suspension was of
2.14x10° TCIDsg/ml, and with each container holding 10 liters of
water, we introduced 0.5 ml of viral solution into each container to
simulate natural infestation conditions of bird’s droppings after
dispersion in water (10°TCIDsy/ml). The air diffuser enabled
homogenization of viral concentration in the container.

Every day, 3 ml of water were taken from each container. Water was
taken from several locations in each container to optimize the
presence of virions in the sample. The samples collected in the two
containers with snails are mixed and treated as one single sample. The
sample was clarified by centrifugation (8,000xg/10 min/4°C) and then
filtered through a membrane of 0.45 um. A sample of water was also
taken before infestation. Sampling stopped when the active virus could
not be detected for more than five continuous days’.

Five snails were also collected every two days®. For each snail
specimen, mucus was taken from the foot, and then it was washed with
distilled water and dissected to remove the organs used for respiration
(gills and pseudo-lung) and digestive gut. Snails were killed before
dissection by letting them 5’ in freezer. For the isolation of active virus,
fragments of organs from the same specimen were put together in 800
pl of 1X PBS, and then ground with a pestle. The homogenate was
clarified by centrifugation (8000xg /10 min / 4°C) and the supernatant
decanted and filtered through a membrane of 0.45pm.

Samples were inoculated in embryonated chicken eggs incubated
for three days before checking the presence of active virus by a HT
[26]. Specific detection and titration was performed by qRT-PCR in
order to confirm the presence of H5NI1 virions and its link with
positive HT, and to estimate the concentration of inactivated or not
viral particles.

The probability of not detecting active virus during five consecutive days (water or snail) is inferior to 10-6.
Pr probability to detect the virus by sampling x snails : insert the equation here , where p is the probability (unknown) of virus presence

« »

estimated at 0.75, except false positives (see further in text). For p=0.2 and x=5, Pr = 0.56. For p=0.6 and x=5, Pr = 0.95. For p=0.8 and x=5,

Pr = 0.99. For p=1 and x=5, Pr=0.999.
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To increase the high sensitivity of the test for the presence of active
virus (P>0.95), each water sample was inoculated to four embryonated
chicken eggs, as well for snail sample using two embryonated eggs for
each sample, leading to an overall sensitivity of the five snails collected
with P>0.95. When the outcome was negative, we conducted a new
test (blind passage) by inoculating the negative allantoic fluid into a
new egg [27]. The result was considered positive when positive HT
was observed for at least one of the eggs.

Minimum detectable virus concentration (HT sensitivity) was set
up with a P>0.95 of HT after culturing the virus on eggs. For a test
using four eggs, the sensitivity u of an egg must be at least 0.52

(P=[1—(1—u)4]). We evaluated the minimum detectable
concentration with a sensitivity>=0.5, by inoculating eggs to assess the
percentage of positives. To obtain an accuracy of 0.15 in this

assessment, with a type I error of 0.05, it is necessary to inoculate at
least 40 eggs 3.

We tested the concentrations 10, 5 and 1 TCID50/ml. The 0.2 ml
dose injected into each egg was respectively equal to 2, 1 and 0.2
TCID50. The results are summarized in Table 23.

TCID50/ml | Positive? First passage® | Dead after 1st| Dead after 2nd
day°® dayd

10 26/40 (65) | 21/40 (52) 1/1 19/20d

5 22/40 (55) | 17/40 (42) 2/2 19/20

1 20/40 (50) | 11/40 (27) 1/1 7/8

Table 2: Sensitivity Assessment between Hemaglutination test and RT-
PCR test.

(a) positive / total tested (%); (b) Number of positive test the first
egg inoculation (over 40 done); (c) Number of dead embryo one day
after infection / total tested; (d) Number of positive dead embryo two
days after infection / total tested

At a starting dose of 2 TCID50 (10 TCID50/ml concentration) and
1 TCID50 (5 TCID50/ml concentration), the virus induced a very high
mortality of egg embryos. With a starting dose of 0.2 TCID50
(concentration 1 TCID50/ml), 50% of the results was positive: in the
condition of our study, the HT using eggs with two passes was 5 times
more accurate than a cell culture test. Test applied to water samples
(four eggs with two passes) allowed detecting the virus at a
concentration of 10 TCID50/ml with a probability of 0.985, at a
concentration of 5 TCID50/ml with a probability of 0.959, and at a
concentration of 1 TCID50/ml with a probability of 0.937. The
detection test used for snails (two eggs with two passes on five
samples) allowed detecting the virus at a concentration 10 TCID50/ml
with a probability of 0.995, at a concentration of 5 TCID50/ml with a
probability of 0.982, and at a concentration of a 1 TCID50/ml with a
probability of 0.969. Virus detection and titration by qRT-PCR were
performed on all samples of water and snails, subjected to qRT-PCRto
verify the presence of H5N1 viral genetic material and to determine its
concentration (H5 Gene [GenBank: EF593102]). The technique
required only a minimum of three RNA copies of the target gene [28].
False positives by external contamination may occur. HT gives the best
specificity and provides the largest number of true negatives. qRT-
PCRallows calculating the concentration of viral particles, active or

inactivated. We used the kit SuperScript III OneStep RT-PCR System
(Invitrogen®) according to manufacturer's recommendations. The
amplicons obtained were analyzed by the program Rotor-Gene Real-
Time Analysis Software 6.1°. In the absence of known variability for
virus persistence in water, the significance of the difference in virus
persistence between the two containers (with and without snails) could
be analyzed from a model of virus survival in each container. From the
results (water with and without snails), we modeled the probability of
the event "presence of active virus" using a negative exponential
function and used a Logrank test to compare the two models.

Results

Throughout all experiment, water temperature was maintained
between 27°C and 30°C, and dailypH measure remained close to 7
(between 6.7 and 7.8). The Snail mortality of 12 % was recorded
during the experiment as weel as before infestation (Table 1).
Although, during virus isolation 22% of embryonated eggs (75 over
339) did not survive the 72 h period post inoculation (embryos died
after 24 to 48 hours), 77% (40 over 52) of the eggs tested positive by
HT did not survive the 72 h period.

Day | Container without snails Container with snails
Ha PCR(x106)b,c H PCR (x106)

0 0d nte 100 10

1 100 20 50 3

2 25 0.2 25 0.9

3 25 10 75 0.1

4 25 0.03 25 0.03

5 50 0.1 50 0.03

6 25 0 0 0

7 0 0.104 25 0

8 25 0 0 0.04

9 0 0.05 0 0

10 0 0.08 0 -d

11 25 0 0 -

12 25 0.1 0 -

13 0 0 0 -

14 0 0 0 -

15 0 nt 0 -

16 - nt - -

17 - nt - -

Table 3: Virus detection by Hemaglutination and qRT-PCR tests of
H5N1 experimentally infested water with and without containing
snails

Size m of the sample involves the accuracy e and the z-value insert corresponding to the risk of error :
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(a) H=Hemaglutination; (b) copies / ml; (c) PCR=qRT-PCR; (d)
+=number of positive embryonated egg (with four tests for each water
sample +- one blind passage for each first negative test); (d) -
=negative; (e) nt=not tested.

Control samples tested negative prior infestation. Active virus was
detected up to 12 days from water without snails, and up to 14 days
from water with snails. Over 90% of snail samples collected until seven
days after infestation were tested positive and active virus was detected
up to 11 days in snails. Of the 39 samples positive by HT, 23 (59%)
were positive after two egg passages. Results are presented in Table 3
(water without snails), Table 4 (water with snails).

Each snail sample was tested by qRT-PCR (Tables 3, 4). Note that
for water samples, the observed concentration tends to decrease with
time in the container with snails as in the container without snails.
Virus particle concentration was detected among 18 snails of 30 tested
(60%). Moreover, snail virus concentration tended to increase over
time.

day | Snail 1 Snail 2 Snail 3 Snail 4 Snail 5

1 +a | Ob + 5x104 | + | 7x103 | + | 4x104 | + | 4x104

3 + 104 + 0 + | ncc + | nc + | 4x104

5 - 5x104 + 10x10 | + nc - nc + 15x104
4

7 + |0 + 90x10 | - nc - nc + | 63x104
4

9 - 1x104 | - 1x104 | - 2x104 | - nc - 3x104

11 + | nc - 16x10 | - 1x104 | - 33x10 | - nc
4 4

13 - nt - nt - nt - nt - nt

15 - nt - nt - nt - nt - nt

Table 4: Virus detection by Hemaglutination test and qRT-PCR test of
snails sampled during the experiment.

(a) HT positive (+) or negative (-); (b) qRT-PCR in genome
copies/ml; (c) nc means no concentration detected. nt=not tested.

Discussion

Although,  experimental  conditions  simulated  natural
environmental conditions, snail density was higher in the containers
than in nature with absence of sunlight and chemical pollutants that
could reduce survival of the virus. The low initial infectious viral
concentration used in the experiment simulates unfavorable
conditions for virus detection. Virus has no lethal effect on snails,
while no excess mortality was observed after water infestation by the
virus.

Three days culture on embryonated chicken eggs followed by a HT
appears as the most sensitive method to detect active influenza virus
[26]. Most influenza viruses replicate in less than three days in the
allantoic fluid. Although, H5N1 virus induces high embryo mortality
[28] as observed in the present study, it replicates actively before the
death of the embryo.

Water samples were all positive until six days after infestation.
Beside an initial low viral concentration in the containers (102

TCID5p/ml), the water sampling optimizes the presence of viral
particles containing at best 3x10? TCIDs. The presence of active virus
particles was observed respectively up to 12 and 14 days after
infestation from water sampling without and with snails. Then virus
became undetectable with an expected (P> 0.94) concentration below
0.2 TCIDso/ml. However, the significance of this difference (12 days vs
14 days) cannot be objectively assessed because we lack knowledge on
the variability of virus particle persistence in this type of experiment.
In an attempt to develop a model by a negative exponential function,
we obtain a function f1(j)=e-%20-D for the container without snails,
and 2(j)=e018750-D for the container with snails and, a logrank test
did not give significance to the difference observed (p value=0.20).
Ultimately, results of our study do not show over time a significant
influence of apple snails on the persistence of virus in water.

We found active virus in the snail’s samples up to 11 days with an
occurrence higher than for water samples. The virus particles may
originate from intracellular compartments or from external
integuments of the mollusk. The five samples from each session were
tested separately (two eggs instead of four). The individual were
positive up to seven days after infestation. Altogether, these results
suggest that snails may have the ability to capture and concentrate the
virus particles from the water and could therefore act as mechanical
vectors. They could thus influence virus persistence in the
environment, offering protection of viral particles from solar radiation
or keeping them in a more favorable physico-chemical environment.
Viral concentration in snail could also influence the epidemiology of
the H5N1 virus when birds consume virus infested apple snails.
Moreover viral RNA concentration detected for 60% of the samples
taken from snail organs was higher than those from water samples. In
addition, the viral RNA concentration did not decrease throughout
time as observed in water samples, and instead tend to increase from
five days after infestation. We can assume that the longer the snails are
in contact with the virus particles, the more they capture and
concentrate viral particles (active or not) in or on their bodies. Also
some HT negative samples tested positive by qRT-PCR because PCR
detects free viral RNA from inactivated viral particles.

Conclusions

In conclusion, although fresh water apple snails did not actively
replicate H5N1, they could host and concentrate the virions over the
time and protect it particularly from solar radiation or physico-
chemical variations. Ultimately, they could play a role as a source of
HS5NI virus in natura: firstly by an active role in concentrating the
virus particles already present in water, and secondly, by improving
the risk of infection for the birds that consume them. Additional
studies are necessary to evaluate the impact of consumption of snails
carrying the virus on bird infection.
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