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Brazilian Angiostrongylus cantonensis haplotypes, ac8 and ac9,
have two different biological and morphological profiles
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Angiostrongylus cantonensis is the etiologic agent of eosinophilic meningoencephalitis in humans. Cases have
been recorded in many parts of the world, including Brazil. The aim of this study was to compare the differences in the
biology and morphology of two different Brazilian haplotypes of A. cantonensis: ac8 and ac9. A significantly larger
number of LI larvae eliminated in the faeces of rodents at the beginning of the patent period was observed for ac9
haplotype and compared to the total of L1 larvae eliminated, there was a significant difference between the two hap-
lotypes. The ac9 haplotype showed a significant difference in the proportion of female and male specimens (0.6:1), but
the same was not observed for ac8 (1.2:1). The morphometric analysis showed that male and female specimens isolated
from ac8 haplotype were significantly larger with respect to body length, oesophagus length, spicule length (male)
and distance from the anus to the rear end (female) compared to specimens from ac9. The morphological analysis by
light microscopy showed little variation in the level of bifurcations at the lateral rays in the right lobe of the copulatory
bursa between the two haplotypes. The biological, morphological and morphometric variations observed between
the two haplotypes agree with the observed variation at the molecular level using the cytochrome oxidase subunit 1
marker and reinforce the possible influence of geographical isolation on the development of these haplotypes.
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Angiostrongylus cantonensis Chen, 1935 is a neuro-
tropical nematode acquired primarily through ingestion
of contaminated food. It was first reported parasitizing
the pulmonary arteries and right heart ventricle of its
main definitive hosts Rattus norvegicus and Rattus rat-
tus in Guangzhou (Canton) China (Chen 1935, Wang et
al. 2008, OuYang et al. 2012). This nematode has been
recognised as the primary etiologic agent of hundreds of
cases of human eosinophilic meningoencephalitis, whose
clinical manifestation is eosinophilic meningitis (Alicata
1991, Wang et al. 2011, Cowie 2013). Humans can act as
accidental hosts and become infected by eating raw or
uncooked mollusks or food contaminated with infective
L3 larvae (Martin-Alonso et al. 2011, Cowie 2013).

The major endemic regions where the presence of A4.
cantonensis was originally reported are Southeast Asia
and Pacific Islands, but currently it is dispersed world-
wide, including the Americas and Europe (Slom et al.
2002, Diaz 2008, Luessi et al. 2009, Carvalho et al. 2012,
Thiengo et al. 2013). This zoonosis is considered an
emerging infectious disease and its geographical expan-
sion has been facilitated by the parasite’s high ability to
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adapt to new intermediate invertebrate hosts (Hollings-
worth & Cowie 2006, Cowie 2013). The first human case
of the disease was reported in Taiwan in 1945 (Beaver &
Rosen 1964) and since then more than 2,800 cases have
been documented worldwide (Wang et al. 2011), includ-
ing in Brazil, where human cases have been reported in
the states of Espirito Santo (ES), Pernambuco (PE), Sao
Paulo, Rio de Janeiro (RJ), Parana and Rio Grande do
Sul (RS) (Caldeira et al. 2007, Lima et al. 2009, Espirito-
Santo et al. 2013, Morassutti et al. 2014).

In Brazil, R. norvegicus and R. rattus have been
found naturally infected by A. cantonensis in the state
of Para (Moreira et al. 2013), the first species also hav-
ing been found infected in ES (Caldeira et al. 2007), RJ
(Simdes et al. 2011) and more recently in RS (Cognato
et al. 2013), confirming the parasite’s endemicity. Dif-
ferent species of terrestrial gastropods and freshwater
mollusks are involved in the lifecycle of 4. cantonensis,
acting as intermediate hosts. Mollusks such as Achatina
fulica (Moreira et al. 2013), Bradybaena similaris, Subu-
lina octona, Sarasinula marginata (Carvalho et al. 2012)
and Pomacea lineata (Thiengo et al. 2013) have been re-
ported naturally infected in the country.

Inter and intraspecific genetic variations in the genus
Angiostrongylys have been reported using partial se-
quencing of the cytochrome oxidase subunit I (COI) gene
(Jefferies et al. 2009), confirming its use as a molecular
marker for differentiation of geographic isolates of A.
cantonensis (Eamsobhana et al. 2010, Simdes et al. 2011,
Monte et al. 2012, Tokiwa et al. 2012). Three haplotypes
of A. cantonensis (ac5, ac8 and ac9) have been reported in
Brazil until now, considering the eight previously related
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(acl-ac8) (Tokiwa et al. 2012). The ac8 haplotype is con-
sidered the most widespread, while the ac9 haplotype has
been described only in Brazil (Monte et al. 2012).

The aim of this study was to compare biological, mor-
phological and morphometric features of two Brazilian
haplotypes of A. cantonensis (ac8 and ac9), characterised
in a previous study, using the molecular marker COL.

MATERIALS AND METHODS

A. cantonensis haplotypes used - Two Brazilian A.
cantonensis haplotypes were used in this study: haplotype
ac8, obtained from naturally infected A. fulica collected
in the municipality of Olinda, PE, which has been main-
tained in the laboratory using Biomphalaria glabrata and
R. norvegicus (Wistar) at Pathology Laboratory, Oswal-
do Cruz Institute/Oswaldo Cruz Foundation (Fiocruz),
and haplotype ac9, obtained from naturally infected R.
norvegicus rodents collected in Caju, a port district of
the city of Rio de Janeiro, also maintained as described
above. The collection permits for rodents were obtained
from Fiocruz’s Ethical Committee on Animal Use (per-
mit LW-24/10) and the Brazilian government’s Institute
for Wildlife and Natural Resources (permit 24353-1).

The infected B. glabrata specimens were minced and
artificially digested in a 0.7% hydrogen chloride solu-
tion for 2 h at 37°C (Wallace & Rosen 1969). The di-
gested samples were placed in a Baermman apparatus to
recover L3 larvae by the Baermman-Moraes technique
(Graeff-Teixeira et al. 1997). The recovered material was
centrifuged for 10 min at 1,512 g and examined under a
stereoscopic microscope (Zeiss MC80DX, Stemi SV6)
to detect and count L3 larvae. The larvae were then in-
oculated by gavage in R. norvegicus.

Infectivity of R. norvegicus and elimination of L1 lar-
vae in faeces - Five R. norvegicus (Wistar) rats per group
were individually infected by gavage with 50 L3 larvae of
each haplotype (ac8 or ac9) and then identified by staining
the dorsal area with picric acid (identified as R1, R2, R3,
R4 and R5). The prepatent period, number of L1 larvae
released in faeces and the recovery rates of adult worms
(male and female) for the two haplotypes were deter-
mined. From 35 days after infection, 1 g of faeces was col-
lected daily from each rodent, infected with either haplo-
type, to evaluate the onset of L1 larvae elimination, using
the Baermman-Moraes technique (Graeff-Teixeira et al.
1997). After this period, the facces were collected every
other day until the end of the assay (CEUA LW-24/10).

Ninety days after infection, the rodents were eu-
thanised using a CO, chamber and subsequently necrop-
sied to recover adult helminths from the pulmonary ar-
teries. The helminths recovered were counted and fixed
in 93 mL of 70% ethanol, 5 mL of 37% formaldehyde
and 2 mL of glacial acetic acid at 65°C (Amato et al.
1991) for morphological and morphometric analysis.

Morphological and morphometric analysis of adult
helminths - Fifteen adult male and 15 female helminths of
each haplotype (3 males and 3 females from each rodent)
were randomly selected and the following characteris-
tics were measured: body length and width, oesophagus
length, distance from nerve ring to anterior end, distance

from excretory pore to anterior end, length of spicule
(male), length and width of gubernaculum (male), distance
from vulva to tail (female) and distance from anus to tail
(female). The specimens were clarified and mounted as
temporary slides with lactophenol solution and examined
under a light microscope. Drawings were made with the
aid of a camera lucida attached to a Zeiss standard micro-
scope. All measurements were made in millimetres.

Statistical analysis - The numbers of helminths re-
covered between haplotypes were compared using the
Student ¢ test. The proportion between male and female
specimens of each haplotype was compared using the
chi-square test.

The intensity of infection was given by the median
of L1 larvae from the weekly average of L1 larvae elimi-
nated in 1 g of faeces using Mood’s median test (Rozsa
et al. 2000) with the Quantitative Parasitology 3.0 soft-
ware (distributed by J Reiczigel, L Rézsa, 2005). The
total number of L1 larvae eliminated in faeces between
the seventh-12th weeks of infection was compared be-
tween haplotypes using the ¢ test. One-way analysis of
variance (ANOVA) was used to determine weekly dif-
ference in the total number of L1 larvae eliminated for
ac8 haplotype. The Kruskal-Wallis test was used for ac9
haplotype, since data on this haplotype were not normal-
ly distributed. Multiple analysis of variance was used to
determine the difference in L1 larvae elimination be-
tween the two haplotypes between weeks.

ANOVA was used to compare the length of helminths
recovered from rodents within each haplotype. The mor-
phometric data were compared between haplotypes us-
ing the ¢ test. The Mann-Whitney U test was used when
data were not normally distributed. The total number of
helminths recovered was correlated with helminth body
length using Pearson’s correlation to investigate the oc-
currence of overcrowding.

All data were tested for normal distribution using
the Shapiro-Wilk test. The analyses were carried out
using PAST v.2.10 (Hammer et al. 2001) and BioEstat
v.5.0 (Ayres et al. 2007). Values with p < 0.05 were con-
sidered significant.

RESULTS

Biological analysis of the two haplotypes - All ani-
mals exposed to L3 larvae of each isolate were parasitised
(Fig. 1). The prepatent period was similar for both haplo-
types, ranging between 42-44 days after infection. The
parasitic burden recovered from rodents between the two
haplotypes showed significant difference, with ac9 haplo-
type showing higher number of helminths (t =-2.779; p =
0.049) (Table I). A significant difference was observed be-
tween male and female specimens for ac9 haplotype (X?
= 3.549; p = 0.05). However, for ac8, no significant differ-
ence was observed (X?= 0.252; p = 0.616) (Table I).

A progressive increase was observed in the number
of L1 larvae eliminated in the faeces from the seventh to
ninth and 10th week of infection for ac9 and ac8 haplo-
types, respectively. In the following weeks, fluctuation
was observed in the L1 larvae elimination for ac9, with
a decrease after the 11th week. For ac8 haplotype, there
was a slight continuous increase in larvae elimination un-



TABLE I
Number of worms recovered (male and female), sex ratio and L1 larvae eliminated by Angiostrongylus cantonensis from
Rattus norvegicus (Wistar) after experimental infection with 50 L3 larvae of ac8 and ac9 haplotypes at 12th week of infection

ac9

ac8

Haplotypes

Worms Sex Total L1 Mean L1 Worms Worms Sex Total L1 Mean L1
ratio ratio

Worms

larvae/Q

larvae

larvae/Q

larvae

Rodents

1500.43

10503
6805

4033

0.58:1

12
15
16
21

298
263
273
258
396

2086

0.88:1

R1

523.47

0.87:1

13

4471

1.89:1
1.17:1
1.75:1

17

R2

448.11

0.57:1

1911

R3

544.4
201.22
643.53 + 498.09

5444
3622
6081.4 + 277151

0.48:1

10
18
114+43

3612

14

R4

0.72:1

25
17.8+5.2

2772
2970.4 £1073.23 297.6 +£57.12

0.5:1
1.16:1

14
9+3

RS

0.64:1

104 +4.8

Mean + SD
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SD: standard deviation.
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Fig. 1: mean + standard deviation of total L1 larvae eliminated of
Angiostrongylus cantonensis per gram of faeces per individual Rat-
tus norvegicus for ac8 and ac9 haplotypes from seventh-12th week
after infection.
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Fig. 2: intensity of infection for ac8 and ac9 haplotypes given by the me-
dian from the weekly mean of L1 larvae eliminated per gram of faeces.

til the end of the experiment, at the 12th week (Fig. 2).
The difference in the L1 larvae elimination of each haplo-
type between weeks was also statistically significant with
progression of the infection (haplotype ac9: H = 15.73; p
= 0.0076; haplotype ac8: F = 14.08; df = 5; p = 1.772E-
06). The comparison of total L1 larvae eliminated showed
a significant difference between the two haplotypes (t =
-2.341; p = 0.047). We also observed a significant differ-
ence in L1 larvae elimination between the haplotypes
when compared within weeks, which showed different
profiles (F = 8.66; gl = 5.48; p < 0.0001) (Fig. 2, Table I).

Morphometric analysis of adult helminths - There was
no significant difference in the helminths’ body length
for each haplotype: male ac8 (p = 0.638), male ac9 (p =
0.947), female ac8 (p = 0.282), female ac9 (p = 0.504)
(Table II). Regarding the morphometric characteristics
between the two haplotypes, there were significant differ-
ences in body length (t =-8.758; p =4.7E-07), oesophagus
length (U =41; p=0.001) and spicule length (t=-2.115; p
= 0.05) for male helminths. For females, we observed sig-
nificant differences in body length (t=-9.649; p = 1.452E-
07), oesophagus length (U = 55; p = 0.01) and the anus-
tail distance (U = 40; p = 0.002) (Table III). There was no
significant correlation between the number of helminths
recovered and the body length in either ac8 (R = 0.736; p
=0.156) or ac9 haplotype (R = 0.129; p = 0.836).
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TABLE 11

Mean + standard deviation of body length of adult worms (3 males and 3 females) of Angiostrongylus cantonensis
from ac8 and ac9 haplotypes recovered from each rodent after experimental infection

Haplotypes
ac8 ac9

Body

length 3 Q 3 ?

R1 249 +1.54 36.67 + 3.60 20.57 £2.23 25.69 £ 0.40
R2 24.67+0.31 32.13+1.01 20.59 +0.40 27.69 £ 0.34
R3 25+ 1.47 34,17 £ 1.99 20.07 £ 1.56 25.95+2.89
R4 2373 £0.51 33.53+£3.15 19.76 + 1.43 25.99 +1.01
R5 2493 +1.21 3477 £0.68 20.38+1.18 26.38 = 1.00
Mean 24.65 £ 1.01 34.25+2.09 20.27 £ 1.36 26.34 +1.13

TABLE III

Mean =+ standard deviation of adult worm characteristics (15 males and 15 females) of Angiostrongylus cantonensis
from ac8 and ac9 haplotypes obtained after 12 weeks of experimental infection of Rattus norvegicus (Wistar)

ac8 ac9

Haplotypes 3 Q d ?
Body length 24.65 +1.07 34.25+2.54 20.27 +1.30 2634+ 1.44
Width 0.34+0.05 0.41 £0.05 0.32+£0.04 0.42£0.06
Oesophagus 0.28 +0.03 0.3+0.02 0.25+0.02 0.28 +0.02
Nerve ring 0.13+0.04 0.14 + 0.04 0.14 +£0.03 0.15+0.03
Excretory pore 0.3+0.09 0.32+0.05 0.35+0.07 0.32+0.06
Spicule 1.29 +0.08 - 1.23 £0.09 -
Gubernaculum 0.05x 0.01 - 0.06 x 0.02 -
Vulva-tail - 0.20 +0.05 - 0.19 +0.02
Anus-tail - 0.08 £0.03 - 0.06 +£0.02

Morphological analysis of adult helminths - The
morphological analysis by light microscopy showed a
slight variation at the level of bifurcations that unite the
lateral rays of the copulatory bursa of male specimens.
There were differences at the level of bifurcations of lat-
eral rays (4, 5 and 6) in the right lobe of ac8 haplotype,
while no differences were observed at the level of bifur-
cations of the same lateral rays for ac9. Variations were
also observed in the ventral rays and dorsal rays between
the two haplotypes. Specimens of ac8 showed shorter
and thinner ventral rays when compared with ac9 speci-
mens and the dorsal rays of ac8 specimens were more
prominent (Figs 3, 4).

DISCUSSION

Recent studies have demonstrated genetic variation
in A. cantonensis using the COI gene as a molecular
marker. According to these findings, nine haplotypes
have been reported, although little is known about bio-
logical variation in these haplotypes (Monte et al. 2012,
Tokiwa et al. 2012). Among these, the two haplotypes
found in Brazil were used in the present study in order to

investigate the presence of biological and morphological
variability. The most important biological differences
observed between these haplotypes were the total num-
ber of L1 larvae eliminated in faeces and the parasitic
burden recovered, which was 60% for ac9 haplotype and
approximately 40% for ac8. These data corroborate the
findings with R. norvegicus specimens infected with
different Taiwanese strains of 4. cantonensis, which
showed adult recovery rates varying from 38-58% (Lee
et al. 2014). In contrast, Au and Ko (1979) observed
mean recovery rate of 82% after a small primary infec-
tion with A. cantonensis strain from Hong Kong, which
was higher than that observed in the present study. These
findings corroborate the molecular studies, indicating
that different strains not only have genetic differentia-
tion, but also different biological profiles.

In dioecious helminths, males and females do not al-
ways fit a 1:1 ratio. The number of female specimens
may be favoured in small populations, but this trend
can change if the intensity of infection increases, as ob-
served in previous studies (Poulin 1997, D‘Avila et al.
2012, Rishniw et al. 2012). Poulin (1997) analysed the
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Fig. 3: light microscopy of Angiostrongylus cantonensis: dorsal view
of caudal bursa from ac8 haplotype and ac9 haplotype showing the
differences in the level of bifurcations at the lateral rays (/). L: left;
R: right. Bar = 100 um.

Fig. 4: light microscopy of Angiostrongylus cantonensis. A: ac8 haplo-
type; B: ac9 haplotype, dorsal view of caudal bursa; C: ac8 haplotype;
D: ac9 haplotype, right lobe of caudal bursa; E: ac8 haplotype; F: ac9
haplotype, left lobe of caudal bursa. Arrows indicate the differences in
the level of bifurcations at the lateral rays of caudal bursa. Bar = 50 um.

relationship between sex ratio and intensity of infection
in nematode species, observing a female bias in natu-
ral populations. Moreover, in experimental nematode
populations, the intensity of infection was related with
a larger number of adult male helminths. Confirming
this assumption, in the present study the ac8 haplotype
showed lower intensity of infection than ac9, with a larg-
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er number of females than males. The number of male
specimens in ac9 haplotype was twice that of female
specimens, with the number of females being similar
between the two haplotypes. Besides this, the threefold
higher number of L1 larvae eliminated in the faeces of
ac9 haplotype suggests that the larger number of males
may have increased the fertilisation of each female.

The morphological and morphometric analysis also
showed differences in some characteristics, such as in
copulatory bursa between the two haplotypes. In a previ-
ous study, Thiengo et al. (2010) compared the morphom-
etry of adult helminths of two strains of 4. cantonensis,
from PE and Akita (Japan). The morphometric results
found for the PE strain are in agreement with the results
observed for ac8 haplotype for both males and females.
The results of the morphometric analysis of adult helm-
inths obtained for ac9 haplotype from Caju were similar
to those observed in isolates from Akita, supporting the
hypothesis that the parasite entered the country through
trade with Asia (Monte et al. 2012).

Morphological and morphometric variations between
different geographic isolates of 4. cantonensis from Bra-
zil were observed by Maldonado Jr et al. (2010). Accord-
ing to their results, the morphometric values found for
the specimens from Sdo Gongalo and Barra do Pirai (RJ)
were equivalent to those obtained for ac9 haplotype, with
differences in the level of bifurcations at the lateral rays
of the right copulatory bursa lobe, which were also ob-
served for the specimens from Barra do Pirai, suggest-
ing the possible presence of ac9 haplotype elsewhere in
RJ, not just restricted to Caju. However, molecular stud-
ies are necessary to confirm this hypothesis.

In a recent study, Lee et al. (2014) observed, by mo-
lecular analysis and biological comparison of two strains
of A. cantonensis, intraspecific variations of 19% and
11% for internal transcribed spacer gene and COI gene,
respectively, despite differences in infectivity, fecun-
dity and pathology. However, significant morphological
differences were not observed, suggesting the possible
occurrence of two cryptic species. Monte et al. (2012)
showed that the intraspecific variation of the mtDNA
sequence among the Brazilian isolates of A. cantonen-
sis, related to ac8 and ac9 haplotypes, was 5.7%, which
is within the range expected for intraspecific variation
(Blouin 2002). Although the haplotypes of the present
study differed less than the isolates from Taiwan, it was
possible to observe biological, morphological and mor-
phometric differences between ac8 and ac9 haplotypes,
confirming that the observed variability at the molecular
level corresponds to variability at the biological, mor-
phological and morphometric levels within a species.

Differences observed among different strains of helm-
inths may be related to geographic isolation (Maldonado
Jretal. 2005, Gharamah et al. 2012). The results obtained
in this study for ac8 and ac9 haplotypes support this hy-
pothesis, confirming that different Brazilian haplotypes
identified by the molecular marker COI gene have differ-
ent biological and morphological profiles. These haplo-
types can be derived from different regions of Asia and
may have remained isolated until now in Brazil.
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