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ABSTRACT: Dactylogyrus ctenopharyngodonid and Ichthyophthirius multifiliis are 2 important
ectoparasites of fish. Both parasites can induce an immune response in fish that leads to a decrease
in parasitic infection intensity and the development of resistance against parasitic reinfection. The
present study evaluated whether grass carp Ctenopharyngodon idella that survived a D. cteno-
pharyngodonid infection could develop immunity against infection by D. ctenopharyngodonid
and I multifiliis. The results demonstrated that when grass carp were infected with D. cteno-
pharyngodonid, the number of red blood cells and the percentages of thrombocytes, monocytes,
and neutrophils in the white blood cells increased significantly in the early stage of infection. The
percentage of lymphocytes increased over time following parasitic infection. The mean infection
intensity of D. ctenopharyngodonid decreased to 0 on Day 28. The activities of serum acid phos-
phatase, alkaline phosphatase, lysozyme, and superoxide dismutase increased significantly after
D. ctenopharyngodonid infection. In addition, the grass carp that survived a previous D. cteno-
pharyngodonid infection could completely resist D. ctenopharyngodonid reinfection and partially
resist I. multifiliis infection.
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INTRODUCTION

Fish parasites cause fish lesions, reduce host
growth, lead to poor health in fish, and consequently
reduce production (Panjvini et al. 2016). Monoge-
neans are a group of parasites with a series of hooks
that attach to the gills, skin, or fins of a fish, and these
parasites lead to significant injury or death of the fish
(Rastiannasab et al. 2016). Dactylogyrus ctenopha-
ryngodonid is an oviparous monogenean parasite
that is often found in co-infections with other para-
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sites, bacteria, fungi, or viruses, and causes serious
damage to the hosts (Lu et al. 2013).

Previous studies have demonstrated that monoge-
nean infections can induce a fish immune response
and that the infected fish can develop resistance
against reinfection with the same monogenean para-
sites (Buchmann 1998, Buchmann & Bresciani 1999).
Monogenean parasites attach to mucus-cell-rich
areas in the skin and cause cytokine production,
mucus secretion, and peptide release (Buchmann
1999). These nonspecific responses in the epidermis
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create a microenvironment that is hostile to the para-
sites and either lead to the death of the monogeneans
or force their escape to less hostile surfaces (Buch-
mann 1999). After primary infection with monoge-
neans, fish can develop significant resistance to rein-
fection by the same parasite species (Rubio-Godoy &
Tinsley 2004). In addition, rainbow trout Oncorhyn-
chus mykiss that were previously immunized with
the monogenean Gyrodactylus derjavini demon-
strated partial cross-protection against the ciliate
protozoan Ichthyophthirius multifiliis (Buchmann et
al. 1999).

I multifiliis is a ciliated parasite that presents a
threat to both wild and cultured fish and is globally
distributed (Matthews 2005, Dickerson & Findly
2014). Fish surviving natural and experimental
I. multifiliis infections are able to acquire protective
immunity; however, it is still not known whether
these fish can resist I. multifiliis infection. The pres-
ent study evaluated whether grass carp Ctenopha-
ryngodon idella that survived a D. ctenopharyngo-
donid infection (hereafter referred to as ‘survivors')
can develop protective immunity against D. cteno-
pharyngodonid and I. multifiliis infection. The hema-
tological response of grass carp infected with D. cteno-
pharyngodonid was also evaluated.

MATERIALS AND METHODS
Fish and parasites

Seven hundred grass carp were obtained from 2
different fish farms belonging to the same company
at Huadu, Guangzhou City, Guangdong Province.
Fish from one farm weighed 22 + 1.4 g (mean + SD)
and those from the other weighed 21.4 + 1.1 g. Ten
fish were randomly sampled from each fish farm to
examine their parasites and determine the infection
intensity. All grass carp from one fish farm (n = 340)
were found to be parasitized by Dactylogyrus cteno-
pharyngodonid only and those fish were designated
‘infected’ fish. All grass carp from the other fish farm
(n = 360) were not parasitized by any parasites and
were designated 'mo parasite’ fish. The fish were
treated with 5 mg 17! potassium permanganate for
30 min prior to being cultured in the laboratory to
ensure that they had no parasites. All fish were accli-
mated in the laboratory for 2 wk prior to the trial, and
the water temperature was controlled at 23.0 + 0.3°C.
Fish were fed twice daily at 09:30 and 17:30 h with
commercial granule feed to apparent satiation.
Ichthyophthirius mulltifiliis was isolated from goldfish

obtained from a local ornamental fish market and
maintained by a serial transmission on grass carp.
The grass carp infected with D. ctenopharyngodonid
and [ multifiliis were co-housed with no-parasite
grass carp to obtain the coinfected fish with 2 para-
sites; grass carp infected with D. ctenopharyngodo-
nid or I. multifiliis were co-housed with no-parasite
grass carp to obtain the mono-infected fish with one
of the 2 parasites.

Experimental design and fish sampling
Initial parasite challenge (infection experiment)

The grass carp infected with D. ctenopharyn-
godonid were randomly distributed into six 150 1
tanks (50 individuals per tank). Another 6 tanks each
contained 50 no-parasite fish (hereafter referred to as
‘control’ fish). During the trial, fish were fed twice
daily at 09:30 and 17:30 h and the water temperature
was controlled at 23.0 + 0.3°C. The water in each
tank was replaced with fresh water daily for 28 d.
Three fish were randomly sampled from each tank
on Days 0, 5, 14, 21, and 28. The survival of grass
carp was determined for each tank on the sampling
day.

The sampled fish were anesthetized with 150 mg
17! tricaine methanesulfonate (MS-222) and blood
was collected from the fish tail vein using a 1 ml ster-
ile syringe with a drop of 10% EDTA. An aliquot of
the blood was used to evaluate hematological para-
meters and the remaining blood was centrifuged at
956 x gfor 5 min at 4°C. The serum was collected and
stored at -20°C to analyze the immune-related
enzyme activities. The gills of sampled fish were
removed, and the body surface was gently scraped to
prepare wet mounts following the blood sampling.
The numbers of D. ctenopharyngodonid were coun-
ted under a microscope at 4x magnification, and the
mean intensity was determined as described by Bush
et al. (1997) and Martins et al. (2011).

Hematological parameters

Blood smears were prepared as described by Li et
al. (2012). Five replicates were prepared from each
fish, and 100 white blood cells (WBCs) were counted
from each slide under a microscope (100x). The per-
centages of lymphocytes, monocytes, neutrophils,
and thrombocytes were calculated according to the
equation 100 x A/100, where A was the number of
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WBCs. In addition, a 5 pl blood sample was diluted
with 995 pl of 0.9 % saline to quantify the total num-
ber of red blood cells (RBCs) in a hemocytometer,
with 5 replicates for each fish.

Immune-related enzyme activities

The serum enzyme activities of acid phosphatase
(ACP), alkaline phosphatase (AKP), lysozyme (LZM),
and superoxide dismutase (SOD) were determined
using assay kits (Nanjing Jiancheng Bioengineering
Institute) following the kit protocol.

Parasite rechallenge (cohabitation experiment)

To measure the protective effect, survivors were
challenged with either D. ctenopharyngodonid, I. mul-
tifiliis or both parasites. Five groups of fish received
the following treatments in the trial. Group 1 con-
tained a mix of control fish and fish coinfected with
D. ctenopharyngodonid and I multifiliis. Group 2
contained a mix of control fish and fish infected with
I. multifiliis. Group 3 contained a mix of survivors and
fish infected with I. multifiliis. Group 4 contained a
mix of survivors and fish infected with D. cteno-
pharyngodonid. Group 5 contained a mix of survivors
and fish coinfected with D. ctenopharyngodonid and
1. multifiliis. Each group had triplicate tanks with 20
survivors or 20 control fish mixed with 6 infected
grass carp per tank. The infected grass carp were
infected with either D. ctenopharyngodonid, with a
mean intensity (number of parasites per infected fish)
of 42.2 + 5.0, or I. multifiliis (mean intensity of 79.6 +
8.4), or both parasites (mean intensities of 54.6 + 6.3
for D. ctenopharyngodonid and 65.0 + 8.5 for I. multi-
filiis). Before being added to tanks, each infected fish
was marked by a cut in the caudal fin. Three sur-

vivors or control fish were randomly sampled from
each cohabitation tank on Days 7, 11, and 14. The
mean parasite intensity and survivors were deter-
mined for each tank on each sampling day.

Statistical analysis

All experimental data are expressed as the mean =+
SD. Assumptions of normality and homogeneity of
variances were confirmed with the Shapiro-Wilk test
and Levene's test, respectively. For the infection
experiment, we compared parasitic intensity, fish
survival, infection incidence, hematological para-
meters, and enzyme activity in grass carp among the
5 sampling days (in both the control and infected
groups) using 1-way ANOVA, and between the con-
trol and infected groups (for each sampling day)
using independent-samples (-tests (see Tables 1-3).
For the cohabitation experiment, we compared para-
sitic intensity and fish mortality among the 5 groups
using 1-way ANOVA, or independent-samples t-tests
when only 2 groups were compared (see Tables 5 &
6). Student-Newman-Keul's (SNK) test was used for
multiple comparisons when ANOVA showed signifi-
cant differences. The results were considered statis-
tically significant at p < 0.05. All analyses were per-
formed in SPSS 19.0.

RESULTS
Parasitic intensity and fish survival

The mean intensity of Dactylogyrus ctenopharyn-
godonid in the infected groups was significantly
higher on Days 5 and 14 than on Days 0 and 21, and it
finally dropped to 0 on Day 28 (see Table 1 and the
summary data in Table 4 below; SNK test). During the

Table 1. Mean intensity, infection incidence, and survival rate of grass carp infected with Dactylogyrus ctenopharyngodonid

(‘infected’') compared with those not previously infected by the parasite (‘control’) over the course of a 28 d laboratory experi-

ment. Within a given column for mean intensity, means followed by different lowercase superscripts are significantly different

(t-test, p < 0.05). Within a given row, values with different uppercase superscripts are significantly different (SNK test,
p < 0.05). Mean intensity was calculated as the number of parasites on fish divided by the number of infected fish

Group Day 0 Day 5 Day 14 Day 21 Day 28

Mean intensity Control 0.0 £ 0.0° 0.0 +£0.0° 0.0 £ 0.0° 0.0 £ 0.0° 0.0 £ 0.0°
Infected 56.5 + 6.8 142.7 £ 21.7*8 83.3 + 53.3"8 1.4 +2.9%¢ 0.0 £ 0.0¢

Survival (%) Control 100.0 + 0.0 100.0 + 0.0 100.0 £ 0.0 100.0 £ 0.0 100.0 £ 0.0

Infected 100.0 + 0.0 100.0 + 0.0 100.0 £ 0.0 100.0 £ 0.0 100.0 £ 0.0

Infection Control 0.0+£0.0 0.0+£0.0 0.0+£0.0 0.0+£0.0 0.0+£0.0

incidence (%) Infected 100.0 = 0.0 100.0 = 0.0 100.0 = 0.0 100.0 + 0.0 0.0+0.0
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trial, the infection incidence was 100 % in the infected
group. The survival rates of grass carp were 100 % in
both the control and infected groups (Table 1).

Hematological parameters

The percentage of lymphocytes in the WBCs was
lower in the infected group than in the control group
on Day 0 (Table 2), but the percentages of monocytes
and neutrophils were higher in the infected group
than in the control group (Table 2). The percentage
of lymphocytes significantly increased over time
following D. ctenopharyngodonid infection, but the
thrombocyte and neutrophil percentages were sig-
nificantly decreased in the infected group (Tables 2 &
4; SNK test). The numbers of RBCs were higher in
the infected group than in the control group during
the infection trial (Table 2).

Enzyme activities

ACP, AKP, and SOD activities were significantly
higher in the infected group than in the control group
on Days 0, 5, and 14 (Table 3; t-test). AKP and SOD
activities decreased significantly from Day 21 to 28
(Tables 3 & 4; SNK test). LZM activity increased from
146.4 U ml™! on Day 0 to 194.4 U ml™! on Day 14 and
then decreased from Day 21 to 28 (Table 3).

Parasite challenge

When the survivors were challenged with D. cteno-
pharyngodonid, Ichthyophthirius multifiliis or both
parasites, the mean intensities of D. ctenopharyngo-
donid for survivors were 0 in Groups 4 and 5 and sig-
nificantly lower than that observed for the control fish
(Tables 5 & 6; SNK test). The mean intensities of

Table 2. Hematological parameters of grass carp infected with Dactylogyrus ctenopharyngodonid (‘infected') compared with
those not previously infected by the parasite (‘control’), showing presence of lymphocytes, neutrophils, monocytes, and
thrombocytes as percentages of total white blood cells, and number of red blood cells (RBCs) over the course of a 28 d lab-
oratory experiment. Within a given column, means followed by different lowercase superscripts between control and infected
groups are significantly different (t-test, p < 0.05). Within a given row, values with different uppercase superscripts are

significantly different (SNK test, p < 0.05)

Cells Group Day 0 Day 5 Day 14 Day 21 Day 28
Lymphocytes (%) Control ~ 82.50 + 0.71% 81.50 +2.12%4  81.50 + 2.1234 79.50 + 4,95  83.50 + 3.5434
Infected  64.75 + 6.65°4 78.75 + 3,59 8575+ 5.56°C  82.00 + 5.66*5¢  89.00 + 2.65°C
Neutrophils (%) Control 2.00 + 0.71%4 4.00 £ 0.03* 3.00 + 1.41%4 4.00 £ 0.00% 2.00 + 1.4134
Infected  14.75 + 3.86°4 575+ 0.965¢  7.25 + 3,958 6.00 + 1.41PBC 1.67 + 1.15%C
Monocytes (%) Control 3.50 + 0.71%4 3.50 + 0.71%* 3.00 = 0.00%* 5.00 + 1.4134 4.50 £ 0.713
Infected  9.50 + 2.52P4 5.00 + 0.8234 5.50 + 2,523 7.25 + 5.7434 6.0 + 3.46%*
Thrombocytes (%)  Control ~ 11.50 + 0.713* 11.50 £ 22,1234 12,50 + 0.71%4 12.00 + 2.83*4  10.00 + 2.83%*
Infected  10.75 + 1.26%4 10.50 + 1.91*4 1,50 + 1.73"8 4.75 + 1.71"C 3.00 + 2.00"BC
RBCs (10° mlI™?) Control 1.43 +0.18% 1.38 £ 0.1134 1.48 +0.113 1.39 + 0.16% 1.38 +£ 0.12%
Infected ~ 2.48 + 0.30"* 2.39 +0.21"4 1.83 +0.18% 1.52 + 0.34% 1.57 + 0.20%

Table 3. Enzyme activity in grass carp infected with Dactylogyrus ctenopharyngodonid (‘infected’) compared with those not
previously infected by the parasite (‘control’) over the course of a 28 d laboratory experiment. Within a given column, means
followed by different lowercase superscripts between control and infected groups are significantly different (t-test, p < 0.05).
Within a given row, values with different uppercase superscripts are significantly different (SNK test, p < 0.05). ACP: serum
acid phosphatase; AKP: alkaline phosphatase; LZM: lysozyme; SOD: superoxide dismutase; 1 King unit per 100 ml = 7.14 U 1!

Enzyme Group Day 0 Day 5 Day 14 Day 21 Day 28
ACP (King unit Control 2.75 +0.15% 2.68 + 0.15% 2.75 + 0.05* 2.78 £ 0.11%4 2.68 + 0.15%
per 100 ml) Infected 3.52 £ 0,124 3.43 £ 0.95 3.50 + 0.75A 2.80 + 0.32%4 2.71 + 0.17%4
AKP (King unit Control 0.19 +0.0134 0.17 £ 0.01%4 0.18 + 0.04** 0.16 + 0.03*4 0.17 + 0.0234
per 100 ml) Infected 0.36 + 0.02PAB 0.38 +0.03" 0.31 +0.08"® 0.21 + 0.02°¢ 0.19 + 0.04%¢
LZM (U ml™?) Control 111.2 + 6,724 116.7 + 7.324 108.2 + 8.5%4 106.4 + 2.4%4 114.6 + 3.0%4
Infected 146.4 + 3.0°* 182.0 + 1.2°8 194.4 + 5.5"8 155.8 + 1.8%4 122.7 + 10.9°€
SOD (Uml™) Control 12.8 +0.234 12.6 + 0.4%4 12.6 + 0.334 13.0 + 0.5% 13.1 + 0.4*
Infected 16.1 + 0.1 16.1 + 0.1 15.2 + 0.4"B 13.8 + 0.3%C 14.0 + 0.23P
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Table 4. One-way ANOVA results for response variables (see Tables 1-3 for
details and abbreviations) measured in grass carp infected with Dactylogyrus
ctenopharyngodonid (Dc; 'infected') compared with those not previously
infected by the parasite (‘control’), sampled at 0, 5, 14, 21, and 28 d after in-
fection. Within-groups mean square (MS) values not shown; where F- and p-
values are not given (-), these cannot be computed because the within-groups
MS value is 0. The ‘groups’ in this Table are the response variables on the
different sampling days

Response Treatment Between- df F )
variable groups MS
Intensity of Dc Control 0.000 4,10 - -
Infected  14372.138 4,10 21.309 <0.001
Survival Control 0.000 4,10 - -
Infected 0.000 4,10 - -
Infection incidence Control 0.000 4,10 - -
Infected 6000.000 4,10 - -
Lymphocytes Control 4.400 4,10 0.473 0.756
Infected 331.095 4,10 12.386  <0.001
Neutrophils Control 1.600 4,10 1.778 0.270
Infected 83.376 4,10 11.342 <0.001
Monocytes Control 1.350 4,10 1.929 0.244
Infected 12.839 4,10 1.104 0.393
Thrombocytes Control 1.750 4,10 0.407 0.798
Infected 71.046 4,10 23967 <0.001
RBCs Control 0.004 4,10 0.198 0.929
Infected 0.783 4,10 11.629 0.291
ACP activity Control 0.04 4,10 0.250 0.893
Infected 0.323 4,10 1.003 0.485
AKP activity Control 0.002 4,10 0.667 0.738
Infected 0.015 4,10 37.5 <0.01
LZM activity Control 36.981 4,10 1.001 0.485
Infected 1629.554 4,10 49.950 <0.001
SOD activity Control 0.109 4,10 0.791 0.578
Infected 2.481 4,10 41.286 <0.01

Table 5. Mean intensity, calculated as the number of parasites on fish divided
by the number of infected fish, of Dactylogyrus ctenopharyngodonid (Dc) and
Ichthyophthirius multifiliis (Im) in grass carp from different cohabitation
groups. Groups containing survivors of a previous Dc infection or fish with no
previous exposure to the parasites (‘control’) were housed with fish infected by
Dc, Im or both over the course of a 14 d laboratory experiment. Group 1: con-
trol fish coinfected with Dc and Im; Group 2: control fish infected with Im;
Group 3: survivors infected with Im; Group 4: survivors infected with Dc;
Group 5: survivors coinfected with Dc and Im. Within a given column for each
parasite, means followed by different lowercase superscripts are significantly
different (SNK test for Day 7, t-test for Day 11, p < 0.05). The symbol /' indi-
cates that fish were not infected with the parasite, and '-' indicates that all
fish died before the sampling day

Group Day 7 Day 11 — Day 14 —
Dc Im Dc Im Dc Im

1 31 +6% 1135+ 346° - - - -

2 / 1057 + 80 / - / -

3 / 223 + 42° / 1258 + 204° /

4 0+0° / 0+ 02 / 0+0 /

5 0+0° 266+ 147° 0+0% 1340 +495° - -

I multifiliis for survivors were just 266
in Group 5 and 223 in Group 3 on
Day 7 (Table 5). When naive grass
carp were challenged with the same
parasites as the survivors, fish showed
parasite intensities of 1135 in Group 1
and 1057 in Group 2 on Day 7
(Table 5). The mean intensity of I. mul-
tifiliis was significantly higher in con-
trol fish than in survivors (Tables 5 &
6; SNK test). The mortality rates of
control fish infected with I multifiliis
were 100 % in both Groups 1 and 2 on
Day 11 (Table 7). However, the mor-
tality rates of survivors were 30% in
Group 3 and 25% in Group 5 on
Day 11 when infected with I. multifiliis
only or by both parasites (Table 7).

DISCUSSION

The present study demonstrated that
grass carp could survive a natural
Dactylogyrus ctenopharyngodonid in-
fection when the infection inten-
sity was low. The mean intensity of
D. ctenopharyngodonid decreased sig-
nificantly on Day 21 and reached 0 on
Day 28. Previous studies reported that
the cellular response of the host prob-
ably causes the elimination of the par-
asite (Buchmann 1999, Nakayasu et
al. 20095). In a study of Japanese floun-
der Paralichthys olivaceus infected
with the monogenean Sparicotyle
chrysophrii, a 100% infection inci-
dence was noted on Day 40 and sub-
sequently decreased to 12.5% on
Day 61. The cellular response of the
fish was demonstrated to destroy the
posterior region of the parasite em-
bedded in the tissue, thereby elimi-
nating the parasites (Nakayasu et al.
2005).

Fish blood cells are considered as
an indicator of fish health status and
play an important role in innate
immunity (Roberts 1978). Previous
studies reported that the number of
RBCs increased significantly after fish
were infected with D. ctenopharyn-
godonid, while the increase in RBCs
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Table 6. 1-way ANOVA results for comparisons of mean intensities of para-
sites Dactylogyrus ctenopharyngodonid (Dc) and Ichthyophthirius multifiliis
(Im) and mortality in grass carp among the 5 cohabitation groups (see Table 5

legend for details)

interleukin-1 to affect fish lympho-
cytes in response to ectoparasite in-
fections (Buchmann 1999). Thus, as
the duration post-D. ctenopharyngo-

donid infection increased, the per-
Response Between- df F P .
; centage of lymphocytes increased
variable groups MS s . R )
significantly in the fish infected with
Mean parasite  Day 7 (Dc) 961.00 2,6 80.08 <0.001 D. ctenopharyngodonid. The percent-
intensity Day 7 (Im) 729042.53 3,8 19.48 <0.001 age of thrombocytes decreased Sig_
Grass carp Day 7 458.733 4,10 19.60  <0.001 nificantly in the infected fish. The low
mortality Day 11 6390.00 4,10 319.50 <0.001
percentage of thrombocytes was pro-

Table 7. Mortality of grass carp from different cohabitation
groups (see Table 5 legend for details) after challenge with
Dactylogyrus ctenopharyngodonid and Ichthyophthirius
multifiliis. Within a given column, means followed by differ-
ent lowercase superscripts are significantly different (SNK

test, p < 0.05)
Group Mortality of grass carp (%)
Day 7 Day 11 Day 14

1 25.0 = 7.12 100.0 + 0.0* 100.0 + 0.0
2 26 + 5.72 100.0 + 0.0* 100.0 + 0.0
3 6.7 £5.7° 30 + 10° 100.0 + 0.0
4 0.0 £ 0.0¢ 0.0 £ 0.0¢ 0.0 +0.0
5 5+7.1b 25+ 7.1° 100.0 + 0.0

made the host resistant to parasite infection (Naka-
yasu et al. 2005, Shoemaker et al. 2012). When chan-
nel catfish were coinfected with Edwardsiella ictaluri
and Ichthyophthirius multifiliis, anemia was detected
on Day 8, and a mortality of 71.1 % was observed on
Day 19 (Shoemaker et al. 2012); anemia caused a
more severe infection and even led to fish death. In
contrast, a high level of RBCs indicated a low infec-
tion intensity of S. chrysophrii on Paralichthys oli-
vaceus (Nakayasu et al. 2005). In the same study, the
increased number of RBCs decreased the infection
intensity of D. ctenopharyngodonid in grass carp.
WBCs play an important role during infestation
(Panjvini et al. 2016). WBCs stimulate the hemopoi-
etic tissues and the immune system to produce anti-
bodies and chemical substances to defend fish
against pathogen infection (Lebelo et al. 2001). The
current study showed that the percentages of de-
fense cells, i.e. monocytes, neutrophils, and thrombo-
cytes, were significantly higher in the infection group
than in the control group during the early stage of
infection. The increase of monocytes and neutrophils
could promote innate immunity and alleviate bodily
damage by phagocytosis (Yakhnenko & Klimenlov
2009). In addition, neutrophils from fish secrete

bably related to the migration of the

cells to the infected site for the phago-
cytic role of thrombocytes, and/or the enhancement
of the other white blood cells. Leukocytes contribute
to an increased level of complement factors during
the period of host response and create a hostile
microenvironment for parasites (Buchmann & Bres-
ciani 1999). This suggests that, in the current study,
WBCs might have been directly involved in the cellu-
lar immune response against D. ctenopharyngodonid
infection and contributed to the elimination of D.
ctenopharyngodonid.

Non-specific molecules in fish, such as lectins,
complement factors, acute phase proteins, lysozyme,
and anti-microbial peptides, play an important role
in the response to monogeneans (Buchmann & Lin-
denstrom 2002). Lysozymes produced from neu-
trophils and macrophages have antiviral, antibacter-
ial, and anti-inflammatory properties (Saurabh &
Sahoo 2008, Yin et al. 2014), as well as an anti-para-
sitic effect (Alishahi & Buchmann 2006). Lysozyme
activity was significantly higher in the infection
group than in the control group in the present study,
indicating that the serum lysozyme was involved in
the fish resistance against D. ctenopharyngodonid
infection.

Reactive oxygen species produced by pathogen
infection cause damage to cells (Verma et al. 2013).
Superoxide dismutase (SOD) is the first line of de-
fense of the antioxidant enzymes and protects cells
from oxidization (Metaxa et al. 2006). SOD activity
was significantly higher in infected grass carp than in
naive fish in the present study, indicating that the
increased SOD activity could protect grass carp from
the damage of free radicals produced by D. cteno-
pharyngodonid infection. The enzymes AKP and
ACP also participate in the process of resistance
against pathogen infections (Cheng & Dougherty
1989, Tang et al. 2010). In a previous study, the activ-
ity of AKP and ACP significantly increased when
Epinephelus coioides were infected with Crypto-
caryon irritans (Yin et al. 2014). The current study
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also showed that the AKP and ACP activities in para-
sitized fish were higher than those in naive fish. The
above results demonstrated that the nonspecific mol-
ecules in fish played an important role in the elimina-
tion of D. ctenopharyngodonid and protected hosts
from the parasitic infection.

The present study also investigated whether sur-
vivors could be protected against D. ctenopharyn-
godonid and I. multifiliis. The results showed that the
survivors demonstrated a robust protective immunity
against D. ctenopharyngodonid reinfection. As dis-
cussed above, it was postulated that the WBCs, spe-
cific antibodies, and complement factors protected
the fish from D. ctenopharyngodonid reinfection. A
previous study reported that primary infection with
monogenean Protopolystoma xenopodis in the frog
Xenopus laevis could elicit strong, long-lasting pro-
tective immunity against reinfection of the parasite
(Jackson & Tinsley 2001). Rainbow trout challenged
with the monogenean Discocotyle sagittata in a
primary infection could develop significant partial
resistance to parasitic reinfection (Rubio-Godoy &
Tinsley 2004). These results showed that both frogs
and fish are able to acquire resistance against mono-
genean reinfection.

Multiple infections are common in natural host
populations, and host resistance induced by one par-
asitic species is effective against another (Chris-
tensen et al. 1987). Richards & Chubb (1996) demon-
strated that resistance induced by skin parasite
Gyrodactylus spp. in guppies Poecilia reticulata was
not species specific. Kidney infections caused by
postlarval Protopolystoma spp. in Xenopus spp. in-
duced weak resistance to heterospecifics (Jackson &
Tinsley 2003). In addition, rainbow trout immunized
against monogenean G. derjavini became less infec-
tive and showed lower mortality when exposed to
I multifiliis infection compared to naive fish (Buch-
mann et al. 1999). The present study demonstrated
that the survivors showed significantly lower mean
intensity of I multifiliis than naive grass carp did.
Previous studies on the immune response against
I multifiliis contributed to a better understanding of
the antiparasitic mechanism in fish. Monocytes and
neutrophils were the primary response to I. multifiliis
infection and were directly involved in the fish
immune response (Shoemaker et al. 2012, Dickerson
& Findly 2014). In addition, complement factors play
arole in protection against I. multifiliis (Buchmann et
al. 1999, Dickerson & Findly 2014). D. ctenopharyn-
godonid infection caused the increment of leuko-
cytes, which in turn led to the higher level of comple-
ment factors (Buchmann & Bresciani 1999). Thus, the

resistance induced by D. ctenopharyngodonid pro-
vided partial cross protection against I multifiliis
infection.

In conclusion, when grass carp were infected with
D. ctenopharyngodonid, WBCs, RBCs and activity of
ATP, AKP, SOD, and LZM increased significantly to
eliminate the D. ctenopharyngodonid from the fish.
The survivors were completely resistant to D. cteno-
pharyngodonid reinfection and partially protected
against I. multifiliis infection.
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