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Efficacy of Antirabies IgG and IgY on Protection of Mice Against 
Experimental Viral Infection as a Model for Emergency Intervention 

 By Ahmed Mohamed Albehwar, Abeer Atia Tammam & Amr Ismail Hassan    
 Veterinary Serum and Vaccine Research Institute, Egypt                                                                                   

Abstract- Aim: Preparation of anti-rabies IgY in chicken egg yolk in addition to preparation of anti-
rabies IgG in rabbits and evaluate their efficacy in protection against rabies infection in 
emergency cases simulated in mice.  

Materials and Methods: Fifteen, 35week-old, Rhode Island Red (RIR) hens were used for 
preparation of anti-rabies IgY from egg yolk. It was found that the obtained IgY had a 
concentration of 2.32 g/dl. In addition, ten Bosket rabbits of about 3kg bodyweight were used for 
preparation of anti-rabies IgG which was found to have a concentration of 3.42g/dl. Both of 
chicken egg yolk IgY and rabbit IgG were found to be safe when they are inoculated 
intraperitoneally in mice.  

Results: Serum neutralization test revealed that IgY and IgG had rabies antibody titers of 64 and 
128 respectively. The tow preparations were tested for determination of their potency in 
experimentally infected mice with rabies virus on daily intervals post infection.    

Keywords: rabies, vaccine, antirabies IgY, antirabies IgG, emergency. 

GJMR-G Classification : NLMC Code: QW 70 
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Efficacy of Antirabies IgG and IgY on Protection 
of Mice Against Experimental Viral Infection as a 

Model for Emergency Intervention 
Ahmed Mohamed Albehwar α, Abeer Atia Tammam σ & Amr Ismail Hassan ρ 

Abstract- Aim: Preparation of anti-rabies IgY in chicken egg 
yolk in addition to preparation of anti-rabies IgG in rabbits and 
evaluate their efficacy in protection against rabies infection in 
emergency cases simulated in mice. 

Materials and Methods: Fifteen, 35week-old, Rhode Island Red 
(RIR) hens were used for preparation of anti-rabies IgY from 
egg yolk. It was found that the obtained IgY had a 
concentration of 2.32 g/dl. In addition, ten Bosket rabbits of 
about 3kg bodyweight were used for preparation of anti-rabies 
IgG which was found to have a concentration of 3.42g/dl. Both 
of chicken egg yolk IgY and rabbit IgG were found to be safe 
when they are inoculated intraperitoneally in mice. 

Results: Serum neutralization test revealed that IgY and IgG 
had rabies antibody titers of 64 and 128 respectively. The tow 
preparations were tested for determination of their potency in 
experimentally infected mice with rabies virus on daily intervals 
post infection. It was found that intraperitoneal injection of 
infected mice with 0.5ml containing 116 mg of IgY and 171 mg 
of IgG were effective to prevent and overcome the progress of 
rabies signs when administrated on the 0; 1st; 2nd and 3rd day 
post exposure to the virus infection and not after that where 
treated mice on the 4th to 7th day post infection were unable to 
withstand the virus infection. The use of IgY and IgG with 
inactivated rabies vaccine showed the same results using IgY 
and IgG alone while the use of rabies vaccine alone did not 
provide efficient protection for the treated mice. 

Conclusion: The use of anti-rabies IgY and IgG could be 
recommended as post exposure intervention providing a 
suitable period of protection until stimulation of the active 
immunity induced by rabies vaccine. In addition, the 
preparation of chicken IgY in a non-specific host provides 
safe, high potent product of lower cost than that prepared in 
rabbits or other mammals. 
Keywords: rabies, vaccine, antirabies IgY, antirabies IgG, 
emergency. 

I. Introduction 

abies is a zoonotic disease that affects the central 
nervous system (CNS), provokes acute and fatal 
encephalitis in its mammal hosts. The disease 

etiologic agent is the rabies virus which is a neurotropic, 
RNA virus belonging to the order Mononegavirales, 
family Rhabdoviridae, genus Lyssavirus (1). Trans-
mission of rabies infection usually occurs  when infected 
 
 
Author α σ ρ: Veterinary Serum and Vaccine Research Institute, P.O. 
Box: 131, Abbasia, Cairo, Egypt. e-mails: behwara@gmail.com, 
svri@idsc.gov.eg 

saliva reaches a bite wound or skin scratches, or 
breaches mucous membranes. A rare route of rabies 
infection transmission include aerosol infection as in bat 
caves, ingestion of an infected carrier and trans-
placental infection. Transmission has occurred in man 
following transplants of corneas taken from infected 
patients. Not all animals or human bitten contract the 
infection. The severity, location, and multiplicity of bites 
inflicted on the victim, biotype of the virus and the 
susceptibility of the recipient influence the outcome of 
potential exposure to infection. Bites on the head and 
neck are associated with the shortest incubation period 
(2). 

Rabies is a serious public health problem in 
developing countries, especially in Asia. Approximately 
35000 to 50000 human deaths occur due to rabies each 
year (3). Administration of rabies vaccine along with anti-
rabies immunoglobulin is known to prevent development 
of rabies; however, prompt and precise diagnosis is 
essential for rabies diagnosis, direct immunofluore-
scence detection of rabies virus antigens has been used 
worldwide as a rapid and reliable method. 

Most rabies-specific antibodies used for 
diagnosis are made from sera of immunized mammals 
such as mice, rabbits and goats. However, producing a 
large amount of specific antibodies from these animals 
is time-consuming and labor intensive. There is a 
concern that handling live and large amounts of rabies 
virus to produce antigen may pose a potential risk of 
infection to laboratory personnel (4). 

Recent advances in molecular biology together 
with newly invented methods of producing antigen-
specific antibodies in egg yolk (IgY) have created new 
opportunities to develop a safe, convenient and 
inexpensive way of manufacturing various immunodiag-
nostics (5.6). 

The IgY project which developed uncomplicated 
techniques for immunization of hens, isolation of egg 
yolk antibodies, and their applicability in various test 
systems creates continuous considerations in regard of 
changing from mammalian derived antibodies to egg 
yolk antibodies for both, (The National Laboratory for 
Immunology and diagnostics and the Internationally 
Orientated Service Laboratory). 

Regarding commercially available polyclonal 
antibodies being produced worldwide it was found that 
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Efficacy of Antirabies IgG and IgY on Protection of Mice Against Experimental Viral Infection as a Model 

for Emergency Intervention

297 from almost 16,000 which is less than 2% of 
polyclonal antibodies deriving from chicken, and only 
three from these have been prepared from egg yolk, the 
rest apparently from chicken sera, it may be concluded 
that in general, chicken are potent antibody producers. 
Obviously, the IgY-technology needs further propagation 
(7). 

The present work aims to prepare anti-rabies 
IgY in chicken egg yolk in addition to preparation of anti-
rabies IgG in rabbits and evaluate their efficacy in 
protection against rabies infection in emergency cases 
simulated in mice.

II. Materials and Methods 

Ethics approval: The experiments were carried out 
according to the protocol of Institutional Animal Ethics 
Committee and the authors had a permission of the 
animal owners at the private farms.

a) Baby hamster kidney cell culture (BHK21)
BHK21 was supplied by DPAVR, VSVRI and 

used in application of SNT to estimate rabies 
neutralizing antibody titers in the obtained anti-rabies 
IgY and IgG preparations.

b) Viruses

i. Cell culture adapted rabies virus
Evelyn Rokitnicki Abelseth (ERA) strain of rabies 

virus adapted to BHK-21 cell line with a titer of 7 log10

TCID50 /ml was supplied by Department of Pet Animal 
Vaccine Research (DPAVR), Veterinary Serum and 
Vaccine Research Institute (VSVRI), Abbasia, Cairo, 
Egypt. It was used in serum neutralization test to 
estimate the induced antibody titer in immunized 
chicken.

ii. Challenge virus strain (CVS)
Mice brain adapted rabies virus with a titer of 

6.5 log10 MLD50/ml was obtained from the DPAVR- VSVRI 
and used for experimental infection of mice.

c) Experimental Hosts

i. Chickens

ii. Rabbits
Ten Bosket rabbits of about 3kg body weight 

were used for preparation of anti-rabies IgG after their 
immunization with the local rabies vaccine  in a dose of 
0.5 /rabbit inoculated subcutaneously on a week 
intervals  for 5 successive weeks according to (8).

Weekly blood samples were collected from 
chicken and rabbits for 6 weeks for monitoring the levels 
of induced rabies antibodies in their sera.

iii. Mice
Two hundreds and five weaned Swiss Albino 

mice (3-4 weeks old) were experimentally infected with 
0.03 ml of CVS /mouse intramuscularly while five mice 
are kept without infection.

d) Rabies vaccine
Inactivated cell culture rabies vaccine (ERA 

strain) was obtained from DPAVR- VSVRI and used for 
inoculation of chicken and rabbits to prepare anti-rabies 
IgY from chicken egg yolk and IgG from rabbit sera.

e) Isolation and separation of chicken egg yolk IgY
IgY was separated from egg yolk with PEG-

6000 as described by (9). and its protein content was 
measured as described by (10). Where it was 2.32 g /dl.

Separation of rabies IgG from rabbit serum
Rabies IgG was precipitated from rabbit serum 

using ammonium sulphate according to (11). And its 
protein content was estimated according to (10), and it 
was 3.42 g /dl.

g) Quality control testing of the prepared anti-rabies IgY 
and IgG

Quality control testing of the obtained 
preparations were carried out following the directions of 
(3). Including sterility, safety and potency tests.

h) Serum neutralization test (SNT)
SNT was carried out to estimate rabies 

neutralizing antibodies in test chickens and rabbits as 
described by (12), and the antibody titer was 
determined as the reciprocal of the final serum or 
immunoglobulin preparations dilution which neutralized 
and inhibited the appearance of the cytopathic effect 
(CPE) of 100 TCID50 of rabies virus.

i) Experimental design
The previously mentioned infected mice were 

divided into seven groups where each of the first 5 
groups included 40 mice, where the 1st and 2nd groups 
received anti-rabies IgY and IgG using a dose of 0.5 
ml/mouse inoculated intraperitoneally containing 116 
mg of IgY and 171 mg of IgG respectively on daily 
intervals started from the day of experimental infection 
up to 7 days post infection. The 3rd and 4th groups were 
treated with IgY with rabies vaccine and IgG with rabies 
vaccine respectively using the same mentioned doses 
(As in groups 1and 2) where rabies vaccine was 
inoculated once in a dose of 0.5ml /mouse inoculated 
intraperitoneally on the same day of infection. The 5th

group was treated with the rabies vaccine alone with the 
same dose.

The 6th group of 5mice was kept infected 
without any treatment (Control +ve). In addition the 

Fifteen, 35 week-old Rhode Island Red (RIR) 
hens, were used for egg yolk IgY preparation after their 
immunization with local rabies vaccine in a dose of 0.5 
ml/hen inoculated subcutaneously on a week intervals 
for 5 successive weeks according to (8). Eggs were 
collected weekly for 6 weeks from these hens where the 
anti-rabies IgY were separated and titrated.

f)



7thgroup of 5 mice was kept without infection as (Control 
-ve). 

 

The present results showed that the prepared 
anti-rabies IgY and IgG were free from foreign 

contaminants (aerobic and anaerobic bacteria, fungi 
and mycoplasma) and safe, inducing no abnormal signs 
in inoculated mice either generally or at the site of 
inoculation as shown in Table (1). These findings come 
in agreement with the recommendations of (13). 

Table (1) : Quality control testing of anti-rabies IgY and IgG 

Tested preparation Protein content Sterility Safety Potency 
Anti-rabies IgY 2.32g/dl Sterile Safe Potent 
Anti-rabies IgG 3.42g/dl 

In addition, estimation of the protein contents in 
the prepared anti-rabies chicken egg yolk IgY and rabbit 
IgG revealed that they had levels of 2.32g/dl and 
3.42g/dl respectively Table(1). Such high levels of 
protein contents could be attributed to the formation of 
antibodies which mainly consisted of globulins as stated 
by (14), (15), (16) and (17). 

Table (2) demonstrated that rabies serum 
neutralizing antibody titers began to appear in the sera 
of chickens and rabbits by the 1st week post 
immunization recorded their highest levels (64 and 128 
respectively) by the 5th week. These findings showed 

that rabbits have higher antibody titers than that of 
chickens, the thing which could be attributed to the host 
susceptibility as rabies is a mammal host specific virus 
(4). It was found that the levels of rabies antibodies in 
chicken and rabbit sera were increased gradually 
started from the 1st week post immunization recording 
their peak by the 5th week. In this respect similar findings 
were obtained by (18), (19).,

 
(20) and (21). who 

considered such sera as hyper- immune preparations 
depending on their high antibody titers where the 
protective rabies antibody titer is 0.5 IU (about titer of 
32).

 

Table (2) : Rabies neutralizing antibody titers in sera of chicken and rabbits 

Tested serum Mean serum rabies neutralizing antibody titer*/WPI** 

1WPI 2WPI 3WPI 4WPI 5WPI 6WPI 

Chicken 8 16 32 32 64 64 

Rabbit 8 16 32 64 128 128 

*Antibody titer = the reciprocal of the final serum dilution which neutralized and inhibited the CPE of 100TCID50

 
of rabies virus

 

**WPI= week post immunization
 

On the other hand, rabies neutralizing antibody 
titers were found to be 64 and 128 in chicken egg yolk 
IgY

 
and rabbit serum IgG respectively Table (3) in a 

parallel manner confirming that such preparation could 
be considered as hyperimmune products against rabies 
virus.

 

Table (3) :
 
Rabies neutralizing antibody titers in chicken egg yolk IgY and rabbit IgG preparations

 

Tested preparation
 

Mean rabies neutralizing antibody titer*/WPI**
 

1WPI
 

2WPI
 

3WPI
 

4WPI
 

5WPI
 

6WPI
 

Chicken egg yolk IgY
 

0 16
 

32
 

64
 

64
 

64
 

Rabbit IgG
 

4 8 16
 

32
 

64
 

128
 

*Antibody titer = the reciprocal of the final immunoglobulin preparations dilution which neutralized and inhibited the CPE of 
100TCID50

 

of rabies virus

 

**WPI= week post immunization

 

Treatment of experimentally rabies infected 
mice with the prepared anti-rabies IgY and IgG

 

showed 
that the best time for administration of anti-rabies 
treatment is from 0 time to 2 days post exposure to virus 
infection providing 100% protection. This protection rate 
decreased to 40, 20 and 0% for treatment with IgY and 
60, 30 and 0% for treatment with IgG on the 3, 4

 

and 5 
days later as shown in Table (4). Non-treated infected 
mice showed typical rabies signs represented by 
paralysis of the hind limbs and tail by the 4th

 

day post 
infection ended with death while non-infected non-

treated mice remained healthy allover the experimental 
period. These findings come in complete agreement 
with what reported by (21).,

 

(22). And (17). who

 

concluded that post exposure treatment through 
passive immunization of the victim should be carried out 
as soon as possible post exposure to viral infection 
recommended the same present recorded times. Similar 
results were obtained in case of infected mice treated 
with either of IgY or IgG with rabies vaccine while 
treatment with rabies vaccine alone was unable to 
protect mice against rabies virus infection the thing 
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III. Results and Discussion



 
 

Table (4) : Potency of chicken egg yolk anti-rabies IgY and rabbit anti-rabies IgG in mice 

 
Group 

 
Received 
Treatment 

Number of survived mice/number of treated mice = protection% 
0 DOT* 1 

DOT 
2 

DOT 
3 

DOT 
4 

DOT 
5 

DOT 
6 

DOT 
7 

DOT 
1 IgY 100 100 100 40 20 0 0 0 
2 IgG 100 100 100 60 30 0 0 0 
3 IgY& rabies vaccine 100 100 100 40 20 0 0 0 
4 IgG &rabies vaccine 100 100 100 60 30 0 0 0 
5  Rabies vaccine alone These mice were unable to withstand the virus infection where the active immunity 

required longer time to be effective (0%) 
6 Infected &not treated mice showed typical rabies signs stared by the 4th day post infection (control +ve) (0%) 

7 Non infected &non treated mice remained healthy allover the experimental period (control –ve) 

*DOT= day of treatment post infection 

  

Depending on the obtained results through the 
present work, it could be concluded that both of anti-
rabies chicken egg yolk IgY and rabbit serum IgG are 
able to withstand rabies infection when they are 
administrated on the optimum time post exposure as 
simulated in mice and further studies are in need to 
evaluate such preparations in farm animals. In addition, 
the preparation of chicken IgY in a non-specific host 
provides safe, high potent product of lower cost than 
that prepared in rabbits or other mammals where a huge 
amount of IgY could be obtained through the egg 
production life of hens with easily housing and simple 
management requirements. 
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 لوقاية الفئران من عدوى الفيروس كنموذج للتدخل الاضطرارى IgY و IgGكفاءة إميونوجلوبيولينات السعار
أحمد محمد البهوار, عبير عطية تمام, عمرو إسماعيل حسن

معهد بحوث الأمصال واللقاحات البيطرية- العباسية- القاهرة 

131ص.ب:

 جرام / ديسيلتر 2.32 مضادين لفيروس السعار فى مح بيض الدجاج ومصل الأرانب حيث وجد أن محتوى الجلوبيولين هو IgG وIgYتم خلال هذا العمل تحضير 
 على التوالى IgG وIgY فى 128 و64 جرام/ ديسيلتر على التوالى وكان معيار أجسام السعار المناعية الخلطية (باستخدام اختبار المصل المتعادل)3.42و 

.موازيالمثيله فى أمصال الدجاج والأرانب المستخدمة فى تحضير هذه المستحضرات
ولقد وجد أن كلا المستحضرين خالى من الملوثات قبل الحقن وآمن عند حقنه فى الفئران السويسرية وعند الحقن فى الفئران المعدية تجريبيا بفيروس السعار 

هو  بتجوبف البطن على فترات يومية بعد العدوى، تبين أن أنسب وقت للتدخل بهذه المستحضرات (بتوفير مناعة سلبية) الضارى (المؤقلم على أمخاخ الفئران)
 ثم 30، 60 وإلى IgY% عند العلاج باستخدام 0 ثم 20، 40% بينما تقل هذه النسبة إلى 100من وقت التعرض للإصابة وحتى اليوم الثانى معطيا نسبة حماية 

 مع اللقاح فى حين لم يكفى IgG وIgYهذا وقد تم الحصول على نفس النتائج حال استخدام كل من . بعد التعرض للعدوى5، 3،4 فى الأيام IgG% عند استخدام 0
وعلى ذلك يمكن 0استخدام اللقاح وحده لحماية الفئران ضد عدوى الفيروس حيث أن الأمر يتطلب وقتا أطول لاستحداث مناعة إيجابية تكفى للتغلب على الفيروس

.االتوصية باستخدام أحد المستحضرين مع اللقاح حال التعرض للعقر من حيوانات مصابة
 فى مح بيض IgY أن تحضير إلاكما يمكن القول بأن كل من المستحضرين له القدرة على التغلب على عدوى السعار خاصة عندما يتم التدخل به فى الوقت المناسب،

فى الأرانب إضافة إلى كونه محضر فى عائل غير أساسى الأمر الذى يزيد من آمان تحضيره IgGالدجاج يستلزم جهد وتكلفة أقل وبكميات أكبر من إنتاج 
واستخدامه. 
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An Outbreak of Corynebacterium Diphtheriae 
Infection in Broiler Chickens in Lagos, Nigeria 

Enurah L.U α, Olubade, T σ, Nwamo, A.C ρ & Sadiku, R.T. Ѡ

Abstract- The outbreak involved 1,200 15 weeks old white 
leghorn growers in a poultry farm in Lagos out of which 163 
died without any premonitory signs. Postmortem examination 
revealed congested lungs, haemorrhagic inflammation of the 
upper respiratory tract, crop, proventriculus and petechial 
haemorrhage of the cardiac muscles. Corynebacterium 
diphtheria was isolated from the intestine, heart blood, lung, 
upper respiratory tract and liver of all that died. The 
pathogenicity of the isolates was conducted on 8 15-weeks 
old white leghorn with two as controls using 0.5ml overnight 
broth culture administered orally. They were observed for up to 
13 days with 100% mortality. The organism was re-isolated 
from the heart blood, liver, lung, trachea, proventiclus and 
crop of infected chickens. The control showed no sign of 
illness during the period of observation. This study revealed 
the zoonotic nature of Corynebacerium diphtheriae which 
association with poultry in Nigeria has not been reported as far 
as the authors knew. 
Keywords: outbreak, corynebacterium diphtheriae, broiler 
chickens. 

I. Introduction 

orynebacteria are gram-positive, catalase-
positive, aerobic or facultative anaerobic, 
generally non motile rods. The genus contains 

the species Corynebacterium diphtheria and the non-
diphtherial corynebacteria, collectively referred to as 
diphtheroids (Burkovski, 2013). Nondiphtherial coryne-
bacteria, originally thought to be mainly contaminants, 
have increasingly over the past two decades been 
recognized as pathogenic, especially in immune-
compromised hosts (Ott and Burkovski 2013). Today, 
the more common scenario is nondiphtherial coryne-
bacterial bacteremia associated with diverse infections 
as well as meningitis, septic arthritis, and urinary tract 
infections (Bonmarin et al., 2009). Nondiphtherial 
corynebacteria also cause chronic and subclinical 
diseases in domestic animals and can lead to significant 
economic losses for farmers (Bonmarin et al., 2009). 
Examples of widespread and difficult- to- control 
infections include Corynebacterium pseudotuberculosis 
caseous lymphadenitis in sheep, and goats; C. 
pseudotuberculosis ulcerative dermatitis in cattle; and 
uninary tract infections and mastitis in cattle due to 
infection with Corynebacterium renale, C. cystidis, C. 
pilosum and C. bovis. (Yassin et al., 2003). C. diphtheria 
infection    is    typically    characterized    by     a    local      
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inflammation, usually in the upper respiratory tract, 
associated with toxin-mediated cardiac and neural 
disease. Three strains of C. diphtheria are recognized in 
decreasing order of virulence: gravis, intermedius and 
mitis. These strains produce an identical toxin, but 
gravis strain is potentially more virulent because it grows 
faster and depletes the local iron supply, allowing for 
earlier and greater toxin production. Toxin production is 
encoded on the tox gene, which in turn, is carried on a 
lysogenic beta phage. When DNA of the phage 
integrates into the host bacteria’s genetic material, the 
bacteria develop the capacity to produce this 
polypeptide toxin. The tox gene is regulated by a 
corynebacterial iron-binding repressor (DtxR). Binding of 
ferrous iron to the DtxR molecule forms a complex that 
binds to the tox gene operator and inhibits transcription. 
Depletion of iron from the system removes the 
repression and allows the toxin to be produced. The 
toxin is a single polypeptide with an active (A) domain, a 
binding (B) domain and a hydrophobic segment known 
as the T domain, which helps release the active part of 
the polypeptide into the cytoplasm. In the cytosol, the A 
domain catalyzes the transfer of an adenosine 
diphosphate-ribose molecule to one of the elongation 
factors (eg elongation factor 2 EF2) responsible for 
protein synthesis. This transfer inactivates the factor, 
thereby inhibiting cellular protein synthesis. Inhibiting all 
the protein synthesis in the cell causes cell death. In this 
manner, the toxin is responsible for many of the clinical 
manifestations of the disease. As little as 0.1µg can 
cause death in guinea pigs. In 1890, von Behring and 
Kitasato demonstrated that sublethal doses of the toxin 
induced neutralizatiing antibodies against the toxin in 
horses. In turn, this antiserum passively protected the 
animals against death following infection. By the early 
1900s, treating the toxin with heat and formalin was 
discovered to render it nontoxic. When injected into 
recipients, the treated toxin induced neutralizing 
antibodies. By the 1930s, many Western countries 
began immunization programs using this toxoid. The 
disease occurs mainly in temperate zones and is 
endemic in certain regions of the world. Humans are the 
known reservoir for the disease. The primary modes of 
dissemination are by airborne respiratory droplets, direct 
contact with droplets or infected skin lesions. 
Asymptomatic respiratory carrier states are believed to 
be important in perpetuating both endemic and 
epidemic disease (Collins and Cummins, 1986). 

C 

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 

7

V
ol
um

e 
X
V
I 
 I
ss
ue

 I
 V

er
sio

n 
I

© 2016   Global Journals Inc.  (US)

Y
e
a
r

20
16

  
 

(
DDDD
)

G



The toxin induced manifestations involve mainly 
the heart, kidneys and peripheral nerves. Cardiac 
enlargement due to myocarditis is common. The 
kidneys become edematous and develop interstitial 
changes. Both the motor and sensory fibers of the 
peripheral nerves demonstrate fatty degenerative 
changes and disintegration of the medullary sheaths. 
The anterior horn cells and posterior columns of the 
spinal canal can be involved and the CNS may develop 
signs of haemorrhage, meningitis and encephalitis. 
Death is mainly due to respiratory obstruction by the 
membrane or toxic effects in the heart or nervous 
system. The epidemiology of C. diphtheria infection has 
been changing. Increasing number of skin, pharyngeal 
and bacteremic infections with nontoxigenic bacteria 
have been reported. Among 828 cultures of 
nontoxigenic C.diphtheriae isolated from different 
regions of Russia from 1994-2002, 14% carried the gene 
for the toxin (Burkovski, 2013). Molecular 
characterizations based on polymerase chain reaction 
(PCR) of some of these nontoxigenic strains have 
demonstrated that the bacteria often contain functional 
DtxR proteins, which could potentially produce toxin 
(Pitcher, 1983). No documented reports of an outbreak 
of Corynebacterium diphtheria infection in chicken in 
Nigeria have so far been made. This study describes a 
peculiar case of an outbreak of C. diphtheria infection in 
a private poultry farm in Lagos, Nigeria. 

II. Materials and Methods 

a) Collection of samples 
The outbreak involved 1,200, 15-week-old white 

leghorn broiler chickens kept in battery cages. Out of 
this number 163 died without any premonitory signs. As 
a result they did not receive any veterinary attention. At 
post mortem samples of the heart blood, liver, lung, and 
intestine were aseptically collected for possible isolation 
of the causative agents. 

b) Processing of samples 
Samples of intestine, lung, liver and heart blood 

were aseptically placed in sterile universal bottles 
containing 9ml of nutrient broth and were subsequently 
incubated for 24h at 370C. After 24h incubation, the 
broth was plated using sterile wire loop on Tinsdale 
selective medium (containing Tinsdale selective agar 
base and Tinsdale supplement) (Oxoid, UK) and 
incubated at 370C for 24h. The resultant colonies were 
characterized by Gram stain and biochemical tests. 

c) Pathogenicity test 
Colonies from Tinsdale medium were 

inoculated into nutrient broth and incubated for 24h at 
370C to obtain pure culture. This was used to challenge 
eight 15 week old white leghorn at 0.5ml each orally 
while two served as control. They were kept in separate 
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cages, fed and given clean water and were observed 
daily for 14days. 

III. Result/Discussion

The original carcasses had lesions suggestive 
of acute gastroenteritis, pneumonia and septicemia. The 
postmortem picture was characterized by haemorrhagic 
inflammation and oedema of the gastro-intestinal tract, 
fibrinous pneumonia and petechial haemorrhages of the 
myocardium. Pure culture of Corynebacterium diphtheria
was isolated from the heart blood, intestine, liver and 
lung. Positive Corynebacterium diphtheriae identification 
was based on the presence of gram-positive 
pleomorphic rods with deeply metachromatic granules 
in smears. On Tinsdale medium grayish black colonies 
were obtained. The results were interpreted according to 
Barrow and Feltham (1995). 

The isolate proved lethal for chicken killing all 
the inoculated eight birds: 6 in 11days and the rest in 13 
days. Necropsy findings in the infected chickens were 
the same as the naturally infected chickens but in 
addition, the epithelial wall of the proventriculus was 
swollen with necrotic foci and heavily infiltrated with 
purulent exudate. The causal agent was re-isolated from 
all the infected chickens.

The isolation of Corynebacterium diphtheria, a 
primary pathogen of human diphtheria infection from 
chicken is interesting as there appears to be no previous 
records of its incidence among chickens as far as the 
authors knew. The virtually wide host range makes 
Corynebacterium diphtheria infection a zoonotic disease 
of both veterinary and public health importance. It is 
likely that many more cases might be occurring in 
chickens and other species than are reported. It is 
advisable to ensure individual sanitation of farm 
attendants as they could be the major source of 
infection, and a general sanitation of the farm. There 
should be culling of infected birds to limit the spread of 
infection to the healthy ones. The use of broad spectrum 
antibiotics in poultry feeds may be an effective 
prophylactic measures against Corynebacterium 
diphtheriae infection.
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Fayaz Ahmad α, Tanveer A. Sofi σ, Khalid M. Fazili ρ, Bashir A. Sheikh Ѡ, Aasif Ahmad Sheikh ¥,                    

Tantry Tariq Gani § & Omer Mohi Ud Din Sofi χ 

Abstract- Here we review the literature from 1902 to 2015 and 
the current status of knowledge of the chromosomes and 
cytogenetics within the family species of trematodes. 
Karyological data are discussed and tabulated for 278 species 
of trematodes. Numerous species of trematodes points 
towards the continued efforts in this field of research. The 
present study also revealed new data on chromosome 
complements of diplozoid parasites, namely Diplozoon 
Kashmirensis Kaw, 1950 from Schizothorax esocinus; 
Diplozoon aegyptensis Fischthal et Kuntz, 1963 from 
Schizothorax plagiostomum; Diplozoon guptai Fayaz and 
Chishti, 1999 from Schizothorax curvifrons and one digenean 
i.e., Clinostomum schizothoraxi Kaw, 1950 from S. curvifrons 
which included one metacentric (no. 1); two submetacentric 
(no.s 2 and 3); three subtelocentric (no.s 4; 5 and 6) and four 
acrocentric (no.s 7, 8; 9 and 10) chromosome pairs. All the 
three species of Diplozoon species are characterized by the 
same number of chromosomes i.e., 2n=14 in which D. 
kashmirensis is characterized by seven pairs of long (up to 
14.13 μm) chromosomes and all chromosome pairs are 
acrocentric. Karyotype of D. aegyptensis also contains 14 
chromosomes but with different morphology in which first six 
chromosomes are metacentric and last eight chromosomes 
are acrocentric and the is length ranging up to 9.78 µm. 
Chromosomes of D. guptai ranges from 5.39 μm to 8.02 μm in 
which first four chromosomes are metacentric, two 
chromosomes are submetacentric, two chromosomes are 
subtelocentric and last six chromosomes are acrocentric. The 
present study describes for the first time the chromosome 
structure and number of three monogenean and one digenean 
species from the host Schizithorax species of Dal lake of 
Kashmir Valley. 
Keywords: diplozoon; schzothorax; karyotype; kashmir; 
metacentric; acrocentric; telocentric; subtelocentric. 

I. Introduction 

iplozoid monogeneans are gill ectoparasites of 
freshwater, mainly cyprinid fish are represented 
by two dozens of species in Europe 

(Khotenovsky 1985). Systematics of the family remains 
problematic due to a relatively high interspecific 
similarity in morphological features and limited number 
of species included in molecular comparisons 
(Matejusova et al. 2001; 2004; Gao et al. 2007; Civanova 
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et al. 2013; Avenant-Oldewage et al. 2014). Therefore, 
supplementary approaches would help in the 
assessment of species delimitation and/or phylogeny. 
To date, only few studies have been focused on 
diplozoid cytotaxonomy and none from the Kashmir 
valley. Koroleva (1968a,b; 1969) showed chromosome 
morphology of six species from various fish hosts, and 
Koskova et al. (2011) showed specified cytogenetic 
characteristics of four of them. Species of Paradiplozoon 
bliccae, Paradiplozoon sapae, Paradiplozoon nagibinae, 
Paradiplozoon pavlovskii and Paradiplozoon homoion 
has 14 acrocentric elements in their diploid set (2n=14), 
while Diplozoon paradoxum has 2n=8. Baer and Euzet 
(1961); Bovet (1967); Koroleva (1969) showed that three 
undetermined diplozoids showed either 14 or 10 
chromosomes in diploid set and Koroleva (1968b) 
studied two other species Eudiplozoon nipponicum and 
Paradiplozoon megan, revealed n=7 on the basis of 
meiotic bivalents without any information on the 
chromosome morphology. The present study describes 
for the first time the chromosome structure and number 
of three Diplozoon spp. from Kashmir Valley. The three 
species of Diplozoon, parasitizing Schizothorax species, 
have been the objects of our cytogenetic study, aimed 
at a comparison of a structure of their chromosome sets 
and an analysis of hypothetic routes of karyotype 
evolution within the group. 

The Clinostomidae Luhe, 1901 is a family of 
digeneans, the members of which live in the oral cavity, 
gills, gill covers, eye sockets, operculum, fins, and gill 
lamellae of fishes. Due to the high degree of 
morphological variability within the same species, 
Clinostomum has been subjected to several taxonomic 
revisions (Gustinelli et al., 2010). The application of a 
karyology in parallel to morphological study may be 
particularly important for the identification of 
Clinostomum species described in the past only on the 
basis of morphological features. 

The purpose of this study is to find out the 
chromosome number of trematodes from different 
vertebrate hosts. Differentiate trematodes on the basis 
of the karyological characteristics and role of these 
studies in cytotaxonomy. Lastly to find out the general 
aspects such as trends of karyotypic evolution and sex 
mechanism of trematodes.  

II. Materials and Methods 

Whole living specimens were placed in 
physiological saline (0.65% NaCl) containing colchicine 
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(0.05%) for 3–4 hours at room temperature then 
transferred into distilled water for about one hour for 
hypotony and fixed in ethanol- glacial acetic acid (3:1), 
with two changes, 15 minutes each. Spread preparation 
of mitotic and meiotic chromosomes was made as 
described by Petkeviciute and Leshko, 1991. Small 
posterior mature portions of fixed worms were 
transferred into drop of 60 % acetic acid on a slide and 
torn into fine pieces with the help of tungsten needles. 

The slides were then placed on a heating plate 
at 450C and the drop of cell suspension was slowly 
drawn along the slide until it evaporated. Slides were 
dehydrated in an ethanol series (30%, 50%, 70%, 90% 
and 100%, 5 minutes each) and stored at –200C until 
use. Slides were stained with 4% Giesma solution (pH. 
6.8) in phosphate buffer for 30 minutes, rinsed in tap 
water and allowed to dry. The best chromosome plates 
were photographed and used for morphological studies. 

For karyotyping, chromosomes were cut out of 
the photomicrographs and paired on the basis of size 
and centromere position. Relative lengths of 
chromosomes were calculated by the division of the 
individual chromosome length by the total haploid 
length and centromeric indices (ci) were determined by 
division of the length, i.e; 

Ci =                     Length of short arm  x 100  

         Total length of chromosome
 

Measurements are based on all chromosomes 
from 10 best metaphase spreads of parasites. The 
terminology relating to centromere position follows that 
of Levan et al.,

 
1964. A chromosome is metacentric (m) 

if the ci falls in the range of 37.5–50.0, submetacentric 
(sm) if 25.0–37.5, subtelocentric (st) if 12.5–25.0 and 
acrocentric (a) if < 12.5. When the centromere position 
was on the borderline between two categories, both are 
listed. 

 

III. Results and Discussion 

a)
 

Chromosomes of Trematodes
 

A number of workers on trematode cytology, 
especially Jones and his co-workers, have pointed out 
the possible taxonomic value of the study of the 
numbers, volume, and/or size and shape of 
chromosomes, and much of our information along these 
lines is based upon their investigations. Among the 
Monogenea only the Polystomidae have been 
investigated for the purpose of determining the 
chromosome numbers. Polystoma integerrimum

 

[Frolich, 1791] has the haploid number of 4 
chromosomes and Gyrodactylus elegans has 6. This 
could point to a dalyelliid ancestry (n = 2 in all species 
studied) although more primitive ancestors of the 
dalyelliids may have had a larger basic number of 
chromosomes (Table 1). Among the Digenea, the 
paramphistomatids have been regarded as the most 

primitive group, but from a cytological standpoint the 
basic chromosome number is quite variable and is 
therefore of little guidance in determining possible 
relationships. For example, Gigantocotyle shows a basic 
number of 6, Gastrothylax and Zygocotyle have 7, 
Cotylophoron and Diplodiscus have 8, while Heronimus 
(chelydrae) has 10. No one family of the rhabdocoel 
group could be regarded as being directly ancestral 
based on such divergent records. As much as the exact 
phylogenetic relationships of the remaining families of 
the Digenea are not as yet fully determined, even on 
morphological grounds, and the various authorities 
disagree as to their proper taxonomic positions, no 
attempt will be made to discuss our knowledge of 
chromosome numbers in any significant succession. 
The diploid chromosome numbers vary among studied 
digenean taxa, from 12 to 28 (Bariene, 1993); 
chromosome sets with 20 or 22 elements predominate. 
But 56 chromosomes were found in diploid sets of 
Clonorchis sinensis [Cobbold, 1875] (Park et al., 2000). 
Allocreadiid species possess comparatively large 
chromosomes, up to 13–14 mm, but low haploid 
numbers of six, seven or eight were recorded in most 
species (for a review see Petkeviciute & Staneviciute, 
2008). The chromosome complement of Cercariaeum 
crassum [Wesenberg-Lund, 1934] is unusual among 
digeneans due to the low number, 2n=10. The 
karyotype is composed of large and exclusively bi-
armed chromosomes. Such a karyotype presumably 
results from a decrease in chromosome number through 
centromere–centromere Robertsonian fusions that have 
affected mono-armed chromosomes leading to the 
formation of large metacentric elements. Comparative 
analysis of chromosomes of related trematode species 
indicated that the reduction of chromosome numbers 
resulted from centromeric fusion rather than elimination 
of chromosomes (Grossman et al., 1981). Acrocentric 
mono-armed chromosomes prevail in the karyotypes of 
larval B. luciopercae, 2n = 14, and larval A. isoporum 
sensu Wisniewski, 1959, 2n = 14 (Petkeviciute & 
Staneviciute, 2008). It is notable that the mean total 
length of haploid complements (TCL) of these two 
species does not exceed the TCL of C. crassum, 
despite different chromosome numbers. 

It may be noted, however, that all of the 
heterophyids (Cryptocotyle and Acetodextra), 
bucephalids (Bucephalus and Rhipidocotyle), fasciolids 
(Fasciola), and zoogonids (Zoogonus) examined (7 
species), as well as 1 species of a gorgoderid 
(Probolitrema) and 1 of a paramphistomatid 
(Gigantocotyle) have a basic number of 6 [perhaps thus 
indicating some relationship to the more primitive 
paramphistomatids (n = 7)]. The notocotylids 
(Notocotylus) have 7 chromosomes, but too few 
examples have been studied to determine the value of 
such counts. One species of an allocreadid (Bunodera), 
1 gorgoderid (Gorgoderina), and 1 schistosomatid 
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(Schistosomatium) have 7 chromosomes, in addition to 
the 2 amphistomids (Zygocotyle and Gastrothylax). All of 
the Schistosoma species studied show n = 8, as do 2 
species of gorgoderids (Gorgodera and 
Phyllodistomum), 1 troglotrematid (Paragonimus), 3 
species of allocreadids (Bunodera, Crepidostomum and 
Allocreadium), 1 species of a rhopaliid (Rhopalias), and 
2 species of the reniferids (Staphylodora and Telorchis), 
in addition to the 2 species of paramphistomatids 
(Cotylophoron and Diplodiscus). Two species of the 
azygiids (Azygia and Proterometra), 2 species of the 
plagiorchids (Eustomas and Glypthelmins), 1 species of 
a spirorchid (Spirorchis), 1 pronocephalid 
(Macrovestibulum), 1 lecithodendriid (Brandesia), 1 
monorchid (Asymphylodora), 1 hemiurid (Halepegus), 
and 1 reniferid (Auridistomum), in addition to 1 race of 
the paramphistomatid Diplodiscus (temperatus) have 9 
chromosomes. Those having a basic number of 10 
chromosomes are 1 species of a cyclocoelid 
(Cyclocoelum), 2 species of dicrocoelids 
(Brachycoelium and Dicrocoelium), 1 clinostomatid 
(Clinostomum), and 1 hemiurid (Isoparorchis). Only 
Heronimus of the paramphistomatids falls in this cate-
gory. Four species of plagiorchiids (3 Pneumonoeces 
and 1 Plagitura), 1 echinostomid (Parorchis), 2 
lecithodendriids (Acanthatrium and Loxogenes), and 15 
species of reniferids (1 Dasymetra, 1 Lechriorchis, 1 
Natriodora, 6 Neorenifer, 2 Pneumatophilus, 1 Renifer, 
and 3 Telorchis) have 11 chromosomes. In these cases 
again no direct relationship to the paramphistomatids 
can be noted in terms of chromosome number, 
although in terms of the presence of an increased 
number of chromosomes as indicating a possible 
primitive condition, these forms might be regarded as 
less specialized than others of the Digenea. It should be 
pointed out, however, that in many cases it is not only in 
the matter of actual number of chromosomes that 
similarities (relationships) may be indicated: total volume 
of chromatic material, shapes and sizes of the 
chromosomes, point of spindle attachment to individual 
chromosomes, and behavior during division may afford 
evidence of equal importance. It is also definite that 
sufficient differentiation occurs to facilitate identification 
of species. One species of Cephalogonimus has 14 
chromosomes which may be a case of doubling of the 
usual number of 7 in this genus. If one follows the belief 
of Ciordia (1949), who doubts the existence of 
polyploidy among the Trematodes, this would be an 
example of extreme aneuploidy-duplication of individual 
chromosomes and not of the set as a unit. The matter of 
the presence or absence of the so-called 
heterochromosome ("sex chromosome") has not been 
determined in most of the trematode species examined, 
but in a few cases the recognition of two types of sex 
cells differing from each other in terms of the number, 
size, shape, volume or behavior of the chromosomal 
elements would seem to indicate that such sexual 

differentiation does occur. As examples we may mention 
the studies on Schistosoma and Schistosomatium. The 
earlier observations on Schistosoma haematobium, S. 
mansoni, and S. japonicum [Katsurada, 1904]; seemed 
to indicate that two types of sperm could be identified 
and that adult males possessed 15 and adult females 
possessed 16 somatic chromosomes. This would seem 
to mean that an X-O condition obtained in these forms. 
Other studies reported the numbers as 14 and 16, 
respectively, and were interpreted as showing the 
presence of a 2X + 12 and a 4X + 12 chromosome 
complex. Niyamasena (1940) in his studies on S. 
mansoni found the somatic number of chromosomes to 
be 16 in each sex, and could not find any evidence of 
the presence of recognizable sex chromosomes 
although the possibility of an X-Y condition could not be 
ruled out. Most recent studies support the finding of 16 
chromosomes as the diploid number in all adults of all 
three of the above Schistosoma species and the inability 
to recognize sex chromosomes as being present [16 
chromosomes are also present in each sex of S. 
mansoni carcariae [Bilharz, 1852]. Recent studies on 
Schistosomatium douthitti [Bilharz, 1852]; have 
presented 2 different interpretations of what is 
undoubtedly an example of the presence of 
distinguishable sex chromosomes. One study 
(Woodhead, 1957) indicates the presence of a single "X" 
chromosome in the male, while the other (Short, 1957) 
presents evidence of the heterogametic condition as 
prevailing in the female. Studies in this laboratory seem 
to substantiate this second interpretation. The somatic 
(diploid) number of chromosomes in each sex is 14, 
with the male showing a pair of large V-shaped 
chromosomes that are not matched in the female. In the 
latter case there is a single large V-shaped chromosome 
apparently paired with a single rod-shaped body. This 
rod-shaped chromosome does not appear in any of the 
male cells. It is interpreted as indicative of a ZZAA 
condition in the male and a ZWAA condition in the 
female. Short & Menzel (1957) report a similar condition 
in the cercariae of Ornithobilharzia canaliculata, where 2n 
= 16. No other records of the presence of recognizable 
sex chromosomes among the trematodes seem to have 
been substantiated by recent investigations. No records 
of the "diminution" phenomenon have been brought to 
our attention. Le Roux (1958) in a study of mammalian 
blood flukes, has suggested a division of the genus 
Schistosonmai into several groups: Schistosoma (S. 
haematobium, type), Afrobilharzia (A. mansoni, type), 
Sinobilharzia (S. japonicum

 
type), Rhodobilharzia (R. 

margrebovici, type), and Eurobilharzia (E. bomfordi, 
type). These genera are in addition to the already 
recognized genera of Bivitellobilharzia, Heterobilharzia

 

and Schistosomatium
 

as members of this group of 
flukes. Restudy of the chromosomes of these species 
might help to evaluate such a separation. The same 
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Table 1 : Chromosome number and morphology of Trematodes from 1902 till date 

Family Species No. and Morphology of 
Chromosomes 

Reference 

SCHISTOSOMIDAE 
Schistosum japonicum Katsurada, 1904 2n = 16 (6t +2at) Short & Menzal (1960) 
Austrobilharzia variglandis 2n=16 Short & Menzal (1960) 
Gigantobilharzia huronensis 2n=16(+B) Short & Menzal (1960); LoVerde & Kuntz 

(1981) 
Heterobilharzia americana 2n=20(ZW); ZZ/ZW, m/st; 

6m+4sm+2sm-st+ 8st 
Short & Grossman (1986) 

Texas (Male) 2n=20(ZZ); ZZ, m; 4m + 2m-s 
m+4sm-st+2sm+2st-1+6st 

Short et al. (1987) 

Louisiana (Female) 
 

2n=20(ZWA); WA, m; 3m+2m-
sm +4sm-st+2sm+2st-t+6st 

Short et al. (1987); Britt (1947) 

Ornithobilharzia huronensis 2n=16 (XY) Short & Menzel (1960) 
Schistosoma bovis, Schistosoma 
haematobium, Schistosoma 
intercalatum, Schistosoma mattheei 

2n=16 
 

Short & Menzel (1960); Grossman et al. 
(1981a) 

Schistosoma japinicum 2n=16; ZZ/ZW, m/sm Grossman et al. (1981b) 
Schistosoma mekongi 2n=16; ZZ/ZW, sm/sm; 4sm+8 a 

+ 4t 
Grossman et al. (1981b) 

Schistosoma mansoni 
 

2n=16 (ZW No. 1) 
 

Short & Menzel (1960); Short et al. (1979); 
Grossman et al. (1980) 

Schistosoma mansoni 
 

2n=16; ZZ/ZW; st/st-sm;  2m + 4 
m-sm + 4 s t-sm + 4st + 2t 

Atkinson (1980); Short & Grossman et al. 
(1981a) 

 
Schistosomatium douthitti 
 
 
 

2n=16 (ZW No. 2); m/st; 4m + 
2sm-m + 2m-sm + 2 s m-st+ 2st 

+ 2t-st 

Atkinson (1980); Grossman et al. (1981); 
Grossman (1981) 

2n=14 (ZW No. 1); 
m/st; 4m + 2sm-m + 2m-sm + 2 

s m-st+ 2st + 2t-st 

Short & Menzel (1960); Short & Grossman 
(1981); Puente & Short (1985); Short (1957); 
Short & Menzel (1959) 

Trichobilharzia physellae,  2n=16 Short & Menzel (1960); Short (1983) 

Trichobilharzia stagnicola 2n=16 Short & Menzel (1960); Short (1983) 

Trichobilharzia szidati 2n=16 (5m+2sm+1sm-st) Spakulova et al. (1996) 

Trichobilharzia regent Horak, Kolarova et 
Dvorak, 1998 

2n=16 ((5m+1sm+1sm-m+1sm-
m(Z)+1m(W)+1sm 
(Supernumerary B) 

Spakulova et al. (2001) 

Schistosoma rodhaini 2n=16; ZZ/ZW, s t /st; 2m+2sm-
m+4sm-st +4st +2t-st 

Atkinson (1980); Grossman 
et al. (1981a); Short & Grossman (1981) 

Schistosoma haematobium  2n=16; ZZ/ZW, s t/st;8m +8st Short (1983) 
Schistosoma bovis  2n=16; LoVerde & Kuntz (1981); Short (1983) 
Schistosoma matthei  2n=16; LoVerde & Kuntz (1981); Short (1983) 
Schistosoma intercalatum  2n=16; Short (1983) 
Schistosoma margrebowiei  2n=16; Grossman et al. (1981a); Short (1983) 
Schistosoma japonicum  2n=16; ZZ/ZW, sm/sm Gao Longsheng et al. (1985) 
Schistosomatium sp.  2n=14; ZZ/ZW, m/a; 12m+2m-

sm 
Barsiene et al. (1989) 

Bilharziella polonica  2n=16; ZZ/ZW, st-sm (Male); 4m 
4sm-m+2m-sm+4sm+2st 

Barsiene & Stanyavichyute (1993) 

Ornithobilharzia caniculata 2n=16; ZZ/ZW Short (1983) 
Austrobilharzia variglandis 2n=16; ZZ/ZW, sm-m/a; 

12m+2sm +2a 
Barsiene et al. (1989) 

Triehoilharzia physellae 2n=16;  
Triehoilharzia szidati 2n=16; 6m+2sm-m+6sm+ 2st-

sm 
Barsiene & Stanyavichyute (1993) 
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flukes. Restudy of the chromosomes of these species 
might help to evaluate such a separation. The same 

technique might also help solve the complexities of the 
taxonomy of avian Schistosomes. 



Trichobilharzia sp. 1 2n=18; 14m +4sm-m Barsiene et al. (1989) 
Trichobilharzia sp. 2 2n=16; 12m +2sm-m+2sm Britt (1947) 
Gigantobilharzia huronesis 2n=16; Britt (1947) 

PRONOCEPHALIDAE 
Macrovestibulum kepneri 2n = 20 Jones et al. (1945) 

PARAMPHISTOMIDAE 
Ceylonocotyle dicranocoelium 2n = 18 Subramanyam & Venkat Reddy (1977) 
Cotylophoron cotylophorum 2n=16 Subramanyam & Venkat Reddy (1977) 
Cotylophoron sp. 2n=16 Subramanyam & Venkat Reddy (1977) 
Fischoederius elongates 2n=16 Subramanyam & Venkat Reddy (1977) 
Gastrothylax crumenifer 
 

2n=18; 4m +6sm+2a+6st Romanenko (1974); Subramanyam & Venkat 
Reddy (1977) 

Gigantocotyle explanatum 2n=18 Subramanyam & Venkat Reddy(1977) 
Liorchis scotiae 2n=18 Romanenko (1974) 
Megalodiscus (Diplodiscus) temperatus 2n=20 Grossman & Cain (1981) 
Paramphistomum cervi 2n=14 Venkat Reddy & Subramanyam (1975) 
Paramphistomum epiclitum 2n=18 Subramanyam & Venkat Reddy (1977) 

Paramphistomum ichikawal 2n=18 Romanenko (1974) 
Paramphistomum microbothrium 2n=18 Mutafova (1983a) 
Stichorchis subtriquetrus 2n=18 Romanenko (1974) 

Diplodiscus temporatus 2n = 16 Cray (1909) 

Paramphistomum microbothrium 2n=14 Sey (1971) 
2n=18, 2 s m + 10m + 6st Mutafova (1983a) 

Paramphistomum explanatum  2n=18, 2sm+16a Sharma & Lal (1984) 

Paramphistomum hiberniae 2n=12 Willmott (1950) 
Paramphistomum ichikawai 2n=18; 2 m + 4 s m + 12st Romanenko (1974) 
Paramphistomum epiclitиm 2n=18; 2 m + 14sm + 2st Subramanyam & Venkat Reddy (1977) 
Paramphistomum crassum 2n= 14; Srivastava & Iha (1964a) 
Paramphistomum cervi 2n= 14; 4m +l0sm Subramanyam &Venkat Reddy (1977) 

2n=18; 6m + 4sm + 8 st Rhee et al. (1987a) 
Paramphistomum elongatum 2n=16; 6m+6sm +4st Dhingra (1955a) 
Paramphistomum sp.( Planorbarius 
corneus) 

2n=18; 2m + 2m-sm+6sm + 8st Barsiene (1991) 

Paramphistomum sp. (Planorbis 
planorbis) 

2n=18; 2m + 10sm + 6st Barsiene (1991b) 

Gigantocotyle bothycotyle 2n= 12; Willmott (1950) 
Gigantocotyle explanatum 2n=18; 4m+l0sm + 4a Venkat Reddy & Subramanyam (1975b); 

Subramanyam & Vekat Reddy (1977) 
Liorchis scotiae 2n=18; 4m + 14a Romanenko (1972) 

2n=18; 2m + 8 sm + 8a Romanenko (1974) 
Gastrothylax cruminifer 2n=18; m + sm Britt (1947) 

2n=14; Dhingra (1955a) 
Fischoederium cobboldi 2n=18; 8 m + l0sm Rhee et al. (1988) 
Zygocotyle lunata 2n=14; Willey & Godman (1951) 
Cotylophoron elongatum 2n=16; Dhingra (1955b) 
Cyclonocotyle dicranocoelium 2n=18; 4m + 10sm + 4st Britt (1947) 
Cyclonocotyle orthocoelium 2n=18; Sharma et al. (1968) 
Cyclonocotyle dawesi 2n=20; Britt (1947) 
Cyclonocotyle scoliocoelium 2n=22; Britt (1947) 
Stuncardia dilymphosa 2n=18; Sharma & Nakhasi (1974) 
Megalodiscus temperatus 2n=18; Van der Woude (1954); Saksena (1969) 
Diplodiscus amphichrus magnus 2n=18; 6m + 6sm+6a Saksena (1962) 
Diplodiscus subclavatum 
 

2n=20; 2sm -m + 8sm + 2st-sm 
+ 6 s t + 2a 

Petkeviciute et al.(1989b) 

Notocotylus noyeri Joyeux, 1922 2n=20; 2 m + 12 + sm + 4st + 
2a 

Britt (1947) 
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2n=21-30; Britt (1947) 
2n=20; 2sm-m+12sm+4st+2a Barsiene & Grabda-Kazubska (1991b) 

Gastrodiscoides hominis 2n=20; Romenenko (1974) 
Stichorchis subtriguentrus 2n=20; Britt (1947) 
Heronimus chelydrae 2n=18; 4sm 14a Guilford (1955) 

ZOOGONIDAE 
Zoogonus mirus 2n = 10 Goldschmidt (1905) 

2n = 12 Schreiner (1908); Gregoire (1909); 
Wassermann (1913) 

DICROCOELLIDAE 
Dicrocoelium lanceolatum 2n = 20 Goldschmidt (1908); Dingler (1910) 
Dicrocoelium lanceolatum 2n=24 Romanenko (1979) 
Eurytremum pancreuticum 2n=26 Romanenko (1979) 
Paradistomoides orientalis 2n=28 Scharma & Nakahasi (1974) 
Dicrocoelium lanceatum 2n=24; 22m + 2sm Sharma & Nakhasi (1974) 
Eurytrema coelomaticum  2n=26; 1 0 m + 2 sm+12st + 2t Moriyama (1982a, 1982b) 
Eurytrema pancreaticum  2n=26; 10m+4sm + 8st + 4t Britt (1947) 
Paradistomoides orientalis 2n=28; 1 4 s t + 10st + 4t Dhar &Sharma (1984) 

BRACHYCOELIDAE 
Brachycoelium salamandrae 2n = 20 Von Kemnitz (1913) 

HETEROPHYIDAE 
Cryptocotyle lingua 2n = 12 Cable (1931);  Britt (1947) 
Apophallus miiehlingii 2n = 14 ( 3m+4sm) Barsiene et al. (1995) 

ECHINOSTOMIDAE 
Parorchis acanthus 2n = 22 Rees (1939) 
Episthmium bursicola 2n=18; 12m+4sm+2st Barsiene &Kiseliene (1990a) 
Echinochasmus baleocephallus 2n=14; 6m+2m-sm+4sm+2a Britt (1947) 
Parorchis acanthus 2n=22; Rees (1939) 
Echinostoma reuolutum 2n=22; Churchill (1950) 

2n=22; 2m +20st Mutafova & Kanev (1986) 
Echinostoma revolutum (L. stagnalis) 2n=22; 2m+4sm+2 st-sm 

+10st+4a 
Barsiene & Kiseliene (1991) 

Echinostoma revolutum (L. ovata) 2n=22; 2m 2sm-m+4sm+14st Britt (1947) 
2n=24; 2 В Britt (1947) 

Echinostoma jurini 2n=22; 6m+8sm+4st+4a Britt (1947) 
Echinostoma miyagawai 2n=22; 2m+2sm+2st-sm+16st Barsiene & Kiseliene, 1991 
Echinostoma echinatum 2n=22; 2m + 20st Mutafova & Kanev (1986) 

2n=22; 2m+2sm-
m+2sm+12st+4a 

Barsiene & Kiseliene (1991) 

2n=22; 2m + 2sm-m 
+2sm+16st 

Britt (1947) 

Echinostoma barbosai; 
Echinostoma echinatum 

2n=22; 2sm + 20a Mutafova & Kanev (1983) 

Echinostoma hortense 2n=20; 2m+2m-sm+8sm-st + 
8st-t 

Terasaki et al. (1982) 

Echinostoma tinetorchis 2n=22; 2m + 2sm-st+12st+4st 
+ 2t 

Britt (1947) 

Echinostoma caproni 2n=22; 4sm-st, t Richard & Voltz (1987) 
Neoacanthoparyphium echinatoides 2n=20; 2m + 4 s t + 1 4a Barsiene & Kiseliene (1990b) 
Moliniella anceps 2n=20; 2m + 8 s t + 1 0a Barsiene et al. (1990b) 
Isthmiophora metis (из Lymnaea 
stagnalis) 

2n=20; 4m+4sm+2st+10asm Britt (1947) 

Pegosomum asperиm 2n=20; Aleksandrova & Podgornova (1978) 
Lymnaea saginatum 2n=20; Britt (1947) 
Echinoparyphium recurvatum 2n=20; 2m + 2sm + 16t Mutafova et al. (1987) 
Echinoparyphium recurvatum А 
(Lymnaea auricularia, Lymnaea ovata) 

2n=20; 2m-+4sm + 14st Barsiene (1991а) 

Echinoparyphium recurvatum В 
(Lymnaea corиus, Lymnaea palustris) 

2n=20; 4m + 6sm+10a Britt (1947) 
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Echinoparyphium pseudorecurvatum A 
(PI. planorbis 

2n=20; 2sm -m+4 sm+4st +10a Britt (1947) 

Echinoparyphium pseudorecurvatum В 
(A. acronicus) 

2n=20; 2sm-m + 2st-sm + 8st + 
8a 

Britt (1947) 

Echinoparyphium bacutus (Vatvata 
piscinatis) 

2n=20; 2 m+12 s t+2a-st+4a Britt (1947) 

Echinoparyphium aconiatum 2n=20; 2m-sm + 2sm + 16t Mutafova et al.(1987); Mutafova & Kanev 
(1984) 

2n=20; 2m + 2st-sm+ 4st+4st-a 
+8a 

Barsiene & Kiseliene (1990b) 

Hypoderaeum conoideum 2n=20; 4 m + 1 6 s t Mutafova et al.,1986 
2n=20; 2 m + 4 s m + 12st Barsiene & Kiseliene, 1990b 

Cathamaesia hians (Lymnaea stagnalis 
ПНР) 

2n=20; 8m 4sm-m +4sm+4st Barsiene (1990) 

Cathamaesia hians (Planorbis planorbis. 
ПНР) 

2n=20; 4m + 4sm-m+8sm +2st-
s m + 2 s t 

Barsiene (1991b) 

BUCEPHALIDAE 
Bucephalus elagans 2n = 12 Woodhead (1931)   
Bucephalus pusillus 2n = 12 Woodhead (1931); Britt (1947) 
Rhipidocotyle papillosum 2n=12 Ciordia (1956) 

TROGLOTREMATIDAE (PARAGONIMIDAE) 
Paragonimus kellicotti 2n = 16 Chen (1937) 
Paragonimus kellicotti 2n = 22 (2a + 9sm) Loverde (1979) 
Paragonimus ohirai 2n = 22 (2a + 9sm) Loverde (1979) 
Paragonimus miyazakii 
 

2n=22 
 

Sakaguchi & Tada (1975, 1976); Terasaki 
(1977); Hirai et al. (1985)  

Paragonimus ohirai; 2 geographical 
races (Paragonimus iloktsuemensis; 
Paragonimus sadoensis) 

2n=22 
 

Sakaguchi & Tada (1975, 1976); Terasaki 
(1977); Hirai et al. (1985) 

Paragonimus westermani 2n=22 LoVerde (1979); Hirai et al. (1985); 
Sugiyama et al. (1985) 

Paragonimus westermani, (Paragonimus 
pulmonalis) 
 

2n=22 
 

Sakaguchi & Tada (1976b); Terasaki (1977); 
Agatsuma & Habe (1985); Hirai et al. (1985) 

Paragonimus westermani 2n=22 Blair (2000) 
Paragonimus heterotremus 2n=22 

(1m+4st+3m/sm+3sm/st) 
Komalamisra (2005) 

Paragonimus kellicotti 2n=16 Benazzi &Benazzi Lentati (1976) 
Paragonimus ohirai 2n=22; Britt (1947) 

2n=22; 4m + 18sm Britt (1947) 
2n=22; 2 m + 1 0 sm + 10st Hirai еt аl. (1985) 

Paragonimus westermani 2n=22; 4 m + 10sm + 8st Sakaguchi & Tada (1976а); Terasaki (1977) 
3 n = 33; Sakaguchi & Tada (1976a); Miyazaki (1978) 

2n=22; 6m+8sm+8st Pengpeng et al. (1986) 
2n=33; 2m + 8 st + 12m, sm, st He Lian-Yin et al. (1982) 
2n=22; m + 6 st + 2 sm + 12m, 

sm, st 
Britt (1947) 

Paragonimus westermani Shoawu, Fujian 2n=22; 2m + 4st + 4sm + 12m, 
sm, st 

Britt (1947) 

Paragonimus westermani filipinus 2n=22; 2m + 6m-sm + 6sm-st + 
8st 

Terasaki (1983) 

Paragonimus westermani westermani 2n=22; 8m + 6sm-st + 8st Britt (1947) 
Paragonimus skrjabini 2n=22; 6m+6sm-m + 2sm +8st Li and Zheng (1983) 
Paragonimus pulmonalis 3n=33; 2m+6m- sm+6sm-st+ 

8st 
Terasaki (1980); Sakaguchi & Tada (1976b) 

2n=22; 2m + 6m-sm + 6sm- st 
+ 8st 

Terasaki (1977) 

3n=33; 3 m + 12sm + 6 st +12a Hirai еt аl. (1985) 
Paragonimus iloktsuenensis 2n=22; 2m + 6m-sm+6sm-st + 

8st 
Terasaki (1977); Sakaguchi & Tada (1980) 
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2n=22; 2m + 10sm+10st Hirai еt аl. (1985) 
Paragonimus sadoensis 2n=22; Terasaki (1977); Sakaguchi & Tada (1980) 

2n=22; 2m + 10sm+ l0st Hirai et al. (1985) 
Paragonimus peruvian us 2n=22; 2m+6m-sm + 6sm- 

st + 8st 
Terasaki (1978) 

Paragonimus hueitungensis 2n=22; 2m + 8 st + 12m, sm, st He Lian-Yin et al. (1982) 
Euparagonimus cenocopiosus 2n=22; 6 m + 8 s m + 8 s t Lei Changqui et al. (1985) 

AZYGIIDAE 
Proterometra macrostoma 2n =18 Anderson (1935) 
Azygia acuminata 2n = 18 Britt (1947) 
Azygia lucii 2n=20; 10m + 6 a + 4 st Barsiene (1991b) 

ALLORCEADIIDAE 
Allocreadium isoporum 2n =16 Britt (1947) 
Crepidostomum serpentinum 2n = 16 Britt (1947) 
Bunodera saculata 2n = 16 Britt (1947) 
Bunodera luciopercae 2n = 14 Britt (1947) 
Cercariaeum crassum Wesenberg-Lund, 
1934 

2n=10 (1m+1sm+sm-m+1m-
sm) 

Petkeviciute et al. (2011) 

Allocreadium fasciatusi 3n=21; 3 m + 12sm + 6st Ramanjaneyulu &Madhavi (1983)  
Bunodera sacculata 3n=23; Cannon (1971) 
Allocreadium fasciatusi 3n=21 Ramanjaneyulu & Madhavi (1984) 
Allocreadium handiai 2n=14 Ramanjaneyulu & Madhavi (1984) 
Bunodera luciopercae 2n=14 (2m+1sm/st+4a) Petkeviciute & Staneviciute (2008) 
Allocredium isoporum 2n=14 (2m+5a) Petkeviciute & Staneviciute (2008) 
Crepidostomum serpentinum 2n=14 (1m+5a) Petkeviciute & Staneviciute (2008) 
Cercariaeum crassum Wesenberg-Lund, 
1934 

2n=10 (1m+1sm+2sm-m+1m-
sm) 

Petkeviciute et al. (2011) 

CLINOSTOMIDAE 
Clinostomum marginatum 2n = 20 Britt (1947) 
Clinostomum schizothoraxi Kaw, 1950 2n = 20, 1m+2sm+3t+4a Present study 

LECITHODENDRIIDAE 
Loxogenes bicolor 2n = 22 Britt (1947) 
Acanthatrium pipistrella 2n = 22 Britt (1947) 
Ganeo kumaonensis 2n=20; Saksena (1969) 
Acanthatrium pipistrella 2n=22; Britt (1947) 
Mahroarchis ranarum 2n=22; Saksena (1969) 
Pleurogenoides medians 2n=22; 16m + 4st + 2a Barsiene, Grabda-Kazubska (1991c) 
Pleurogens claviger 2n=22; 1 2 m + 6 s t + 4a Barsiene, Grabda-Kazubska (1991c) 
Pleurogonidum orientalis 2n=18; Saksena (1969) 
Prosotocus kashabia 2n=12; Britt (1947) 
Ganeo tigrinum 2n=22 Subramanyam & Venkat Reddy (1977) 

CEPHALOGONIMIDAE 
Cephalogonimus americanus 2n = 28 Britt (1947) 

GORGODERIDAE 
Probolitrema californiense 2n = 12 Markell (1943) 
Gorgoderina attenuate 2n = 14 Britt (1947) 
Gorgodera amplicava 2n = 16 Britt (1947) 
Phyllodistomum folium 2n=18 Petkeviciute et al. (2003) 
Gorgodera amplicava 2n=16; Britt (1947) 
Gorgodera pagenstecheri 2n=18; 2m +2sm +2st-a+12а Barsiene (1991) 
Gorgoderina attenuata 2n=14; Willey &  Koulish (1950) 
Probilotrema californiense 2n=12; Britt (1947) 
Phyllodistomum spatula 2n=16; Dhingra (1954a) 
Phyllodistomum pungitti 2n=18; 2 m + 12st +4a Britt (1947) 

PLAGIORCHIDAE 
Eustomas chelydrae 2n = 18 Britt (1947) 
Glypthelmins quieta 2n = 18 Britt (1947) 
Plagitura salamandra 2n = 22 Britt (1947) 
Pneumobites breviplexus 2n = 22 Britt (1947) 
Pleumocoeces medioplexus 2n = 22 Pennypacker (1936) 
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Pleumocoeces similiplexus 2n = 22 Pennypacker (1940) 
Pleumocoeces similiplexus 2n = 22 Britt (1947) 
Trematorchis ranarum 2n=18 Subramanyam & Venkat Reddy (1977) 
Glypthelmins guieta 2n=18; Britt (1947) 
Plagitura salamandrae 2n=22; Britt (1947) 
Haematoloechus mediplexus 2n=22; Burton (1960) 
Haematoloechus parviplexus 2n=22; Pennypacker (1936) 
Haematoloechus semiplexus 2n=22; Britt (1947) 
Haematoloechus similis 2n=22; 12m+6sm + 2sm-m+2st Barsiene, Grabda-Kazubska (1988b) 
Haematoloechus asper 2n=22; 14m+4sm + 2sm-m 

+2st 
Britt (1947) 

Skrjabinoeces sp. 2n=22; 10m + 2sm-m + 4sm 
+2sm-st + 4st 

Petkeviciute et al. (1990) 

Monodistomum salamandra 2n=20; Britt (1947) 
Encylometra colubrimurorum 2n=12; Saksena (1969) 
Staphylodora bascaniensis 2n=16; Britt (1947) 
Haplometra cylindracea 2n=20; Sanderson (1959) 

2n=22; 4m + 8 s m-m + 4 sm 
+6st 

Barsiene, Grabda-Kazubska (1988a) 

Plagiorchis sp. (L. stagnalis, 
ПНР) 

2n=22; 2m + 8sm-m + 4sm + 
+ 8st 

Barsiene, Grabda-Kazubska (1988b) 

Opisthioglyphe ranae 2n=22; 2m + 6sm-m+6sm+ 4st 
+ 4a 

Barsiene, Grabda-Kazubska (1988a) 

Opisthioglyphe ranae (L. stagnalis) 2n=22; 6m +6sm + 2sm-st 
+2st +4a-st+2a 

Petkeviciute et al. (1990) 

Leptophallus nigrouenosus 2n=20; 12m + 2sm-m + 2sm 
+2st + 2a 

Barsiene, Grabda-Kaka (1988а) 

Paralepoderma progeneticum 2n=20; 14m + 2sm + 2st-a + 2a Barsiene, Grabda-Kaka (1991a) 
Paralepoderma brumpti  2n=20; 10m+2m-sm + 2sm+ 

2st + 4a 
Petkeviciute et al. (1990) 

Omphalometra flexuosum 2n=20; 4sm-m + 4 sm + 4st 
+8a 

Barsiene, Grabda-Kazubska (1991a) 

RENIFERIDAE 
Natriodera verlatum 2n = 22 Britt (1947) 
Dasymetra villicoeca 2n = 22 Britt (1947) 
Pneumatophilus leidyi 2n = 22 Britt (1947) 
Pneumatophilus variabilis 2n = 22 Britt (1947) 
Lechriorchis abduscens 2n = 22 Britt (1947) 
Renifer ellipticus 2n = 22 Britt (1947) 
Neorenifer wardi 2n = 22 Britt (1947) 
Neorenifer georgianus 2n = 22 Britt (1947) 
Neorenifer aniarum 2n = 22 Britt (1947) 
Neorenifer orula 2n = 22 Britt (1947) 
Neorenifer drymarchon 2n = 22 Britt (1947) 
Neorenifer elongates 2n = 22 Britt (1947) 
Staphylodora bascaniensis 2n = 16 Britt (1947) 
Auridistomum chelydrae 2n = 18 Britt (1947) 
Telorchis robustus 2n = 16 Britt (1947) 
Telorchis lobusus 2n = 22 Britt (1947) 
Telorchis medius 2n = 22 Britt (1947) 
Telorchis corti 2n = 22 Britt (1947) 

RHOPALIADIDAE 
Rhopalias macracanthus Chandler, 1932 2n = 16 Ciordia (1949) 

DICLYBOTHRIIDAE 
Diclybothrium hamulatum (Simer, 1929) 
Price, 1942 

2n = 12 Pickle &Jones (1967) 

SPIRORCHIIDAE 
Spirorchis magnitestis 2n = 18 (4a/t + 1a + 3sm) Teehan & Short (1989) 
Spirorchis parvus 2n = 18 (4a/t + 1a + 3sm) Teehan & Short (1989) 
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Spirorchis magnitestis 2n=18; 2m + 16а Jones & Mayer (1953) 
Spirorchis parvus 2n=18; 2m + 16st Grossman еt al. (1981b) 
Spirorchis sp. 2n=18; 2 sm + 6 st-sm +8t-st + 

2t 
Teehan & Short (1989) 

CONVOLUTIDAE 
Convolute convolute 2n = 16 (7m-sm + 1st) Birstein (1990) 
Baltalimania agile 2n = 14 Birstein (1990) 

MIROPHALLIDAE 
Microphallus pygmaeus 2n = 18 Birstein & Mikhailova (1990) 
Microphallus piriformis 2n = 18; 8m + 2sm + 4st + 4? Birstein & Mikhailova (1990) 
Microphallus triangulatus 2n = 18 Birstein & Mikhailova (1990) 
Microphallus pygmaeus 2n=18; 8m + 2sm + 4st +4? Britt (1947) 
Microphallus triangulatus 2n=18; 8m + 6 s m + 4? Britt (1947) 

MONORCHIIDAE 
Asymphylodora sp. 2n=18; Dhingra (1955a, 1955b) 

2n=20; 6m+2m -sm + 2sm+ 4st 
+ 6a 

Dhingra (1955a) 

2n=20; 12m + 6sm-m + 2 s t-sm Dhingra (1955a) 
2n=22; 8m + 8sm-m+2sm- 

st + 2st 
Dhingra (1955a) 

Palaeorchis sp. 2n=14; 2m + 2sm-m+6sm+ 2st 
+ 2a 

Dhingra (1955a) 

Asymphylodora spp. 2n = 20 (5m+4sm+1st) Barsiene et al. (1995) 

NOTOCOTYLIDAE 
Notocotylus attenuates, Notocotylus 
imbricatus,  

2n=20 Petkeviciute & Barsiene (1988) 

Notocotylus ephemera 2n=20,21 Petkeviciute & Barsiene (1988) 
Notocotylus filamentis 2n=14; Ciordia (1950) 
Notocotylus ephemera 2n=20; 2m + 6sm-m+ 4sm+ 2st 

+ 6a 
Petkeviciute & Barsiene (1988) 

2n=21; Britt (1947) 
2n=22; Britt (1947) 

Notocotylus attenuatus 2n=22; 4m + 4sm-m+4sm+ 8a Britt (1947) 
2n=20; 4sm + ? Rao & Venkat Reddy (1982) 

Notocotylus imbricatus 2n=20; 2 m + 10sm +2st+6a Petkeviciute & Barsiene (1988) 
Notocotylus noyeri 2n=20; 2m + 2m-sm + 4sm+ 

4st +8a 
Petkeviciute et al. (1989а) 

2n=21; Britt (1947) 
2n=20; 4m + 4sm +4st +8t Barsiene & Grabda-Kazubska (1991b) 

Notocotylus sp. (Anisus acronicus,) 2n=20; 2m +6sm+4 st+8a Barsiene et al. (1990) 
2n=21; Britt (1947) 

2n=21-30; Britt (1947) 
CYCLOCOELIDAE 

Cyclocoelium oculeum 2n=20;4m + 6sm + 8st + 2a Taft & LeGrande (1979) 
Cyclocoelum bivesiculatum 2n=20; Dhingra (1954a) 

FASCIOLIDAE 
Fasciola gigantica 
 

2n=20 (2sm+1t+7st) 
 

Romanenko & Pleshanova (1975); 
Subramanyam & Venkat Reddy (1977) 

Fasciola gigantica 
 

2n=20 (6sm+1m-sm+3st) Venkat Reddy & Subramanyam (1973); 
Subramanyam & Venkat Reddy (1977) 

Fasciola hepatica 2n=20 (1sm-
m+5st+2sm+1m+1sm) 

Romanenko & Pleshanova (1975) 

Fasciola hepatica 2n=20 (5sm+4st+1t) Li et al. (1988) 
Fasciola hepatica 2n=20 (1sm-m+4st+5sm) Spakulova & Kralova (1991) 

Fasciola hepatica 2n=20 (1m+5sm+4st) Reblanova et al. (2011) 
Fasciola sp. 
 

2n=20 
 

Sakaguchi & Wakako (1976); Sakaguchi 
(1980); Moriyama et al. (1979); Rhee et al. 
(1987); Yin & Ye (1990) 

Fasciola sp.  
 

3n=30 (8sm+2st) 
 

Sakaguchi and Nakayama (1975); 
Sakaguchi & Wakako (1976);  

© 2016  Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 

20

V
ol
um

e 
X
V
I 
 I
ss
ue

 I
 V

er
sio

n 
I

Y
e
a
r

20
16

  
 

(
DDDD
)

G
Chromosomes and Cytogenetics of Trematodes



Fasciola gigantica 2n=20 Sakaguchi (1980) 
Fasciola hepatica 
 
 

2n=12 
2n=22 (1sm-m+1sm+9st) 

 

Srimuzipo et al. (2000); 
Henneguy (1902); Schubmann (1905); 
Schellenburg (1911) 

Fascioloides magna 2n=22 (9st+1sm-m+1sm) Reblanova et al. (2010)  
Fasciolopsis buski  2n = 14 (6m+1t) Gao (1985) 
Fasciolopsis buski  2n = 14 (4m+2sm+1t) Dai (1990) 
Parafasciolopsis fasciolaemorpha 2n=20 (1m+1t+6st+2sm) Barsiene (1990) 
Fasciola sp. 3n=30 Britt (1947) 

2n=20/30; Britt (1947) 
2n=20; 2m + 10sm + 8st Rhee et al. (1987b) 

2n=20/30; Sakaguchi, Yoneda (1976) 
2n=20; Britt (1947) 

3n=30; 3m + 12sm+ 15st Rhee et al. (1987b) 
Fasciola hepatica 2n=20 Sanderson (1953, 1959) 

2n=20; 6 m + 2 sm + 1 2 st Li et al. (1988) 
Fasciola giganticа 2n=20; 4sm+4sm-s t + 12st Moriyama et al. (1979)  

2n=20; 2m + 12sm + 6st Subramanyam & Venkat Reddy (1977) 
3n=30; Sakaguchi (1980) 

2n=20/30; Mariyama et al. (1979) 
PHILOPHTHALMIDAE 

Philophthalmus gralli 2n=20 Grossman & Cain (1981) 
Philophthalmus sp. 2n=20 Venkat Reddy & Subramanyam (1971) 
Philophthalmus sp. (Georgia, USSR; 
Bulgaria) 

2n=20 Mutafova et al. (1986) 

Philophthalmus megalurus 2n=20; Kahlil & Cable (1968) 
Philophthalmus indieus 2n=20; 2sm + 2 a + 1 6t Subramanyam & Venkat Reddy (1977) 
Philophthalmus hegeneri 2n=20; Fried (1975) 
Philophthalmus sp. 2n=20; 2sm + 18a Mutafova (1983b) 

Philophthalmus gralli 2n=20; 8sm + 12a LoVerde (1978)  
HEMIURIDAE 

Isoparorchis euritremum; Isoparorchis 
hypselobargi 

 
2n=20 (XY) 

 
Chattopadhyay & Manna (1987) 

Halipegus occidualis 2n=18; Jones (1956); Guilford1(1961) 
Halipegus eccentricus 2n=22; Guilford (1961) 
Isoparorchis eurytreum 2n=18; Srivastava & Iha (1964b)  
Isoparorchis hypselobagri 2n=20; 10sm + 8a + 2XY 

( X = sm; Y = a) 
Chattopadhyay & Manna (1987); Dhingra 
(1954b) 

2n=18; 4m + 14a Srivastava & Iha (1964b); Iha (1975) 
DIPLOSTOMATIDAE 

Diplostomum indisticum; Diplostomum 
mergi; Diplostomum 
pseudospathaceum; Diplostomum 
spathaceum 

2n=20 
 
 

Romanenko & Shigin (1977); Mutafova & 
Niewiadomska (1988) 

Tylodelphys clavata 2n=20 Romanenko & Shigin (1977) 

Diplostomum sp. 1 2n=20; 6m + 4sm-m + 2st- 
sm + 8 s t 

Barsiene & Staneviciiite (1991) 

Diplostomum sp. 2 2n=20; 6m+2sm-m + 4sm 
+ 4st + 2st- a + 2a 

Britt (1947) 

Diplostomum baeri 2n=20; 2m + 2sm-m + 6sm 
+ 6st + 4a 

Barsiene еt аl. (1990а); Barsiene & 
Staneviciute (1991) 

Diplostomum mergi 2n=20; 10m + l0t Romenenko & Shigin (1977) 
Diplostomum pseudospathaceum 2n=20; 6m + 4sm + 6st + 4a Barsiene & Staneviciute (1991) Barsienе et 

al. (1991) 
Diplostomum paracaudum 2n=20; 6m+6sm +8st Barsienе et al. (1990a) 

Barsiene & Staneviciute (1991) 
Tylodelphys clavata 2n=20; 8m + 2m-sm + 8st + 2? Romenenko &Shigin (1977) 

2n=20; 6m + 2sm-m + 4st+ 2st-
a + 6 a 

Barsiene (1991c) 
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Proalorioides tropidonotis 2n=16; Saksena (1969) 
Posthodiplostomum cuticola 2n=20; 4 sm + 6 st + l0t Barsiene (1991c) 

STRIGEIDAE 
Gogatea serpentium indica 2n=16 Subramanyam & Venkat Reddy (1977) 
Ichthyocotylurus erraticus (Rudolphi, 
1809) 

2n=20 (4m+2sm+1sm-st+3st-a) Bell et al. (1998) 

Ichthyocotylurus variegates (Creplin, 
1825) 

2n=20 (4m+1sm+1m-sm+4st) Bell et al. (1998) 

Apatemon gracilis (Rudolphi, 1819) 2n=20 (3m+1m-sm+3sm-
st+1sm+1a+1st-a) 

Bell et al. (1998) 

Apatemon gracilis 2n=20 (3m+3sm-
st+1sm+2a+1st-a) 

Petkeviciute & Staneviciute (1999) 

Cotylurus cornutus (Lymnaea zazuriensis) 2n=20; 2m + 6st + 2a-s t + 1 0a Barsiene et al. (1990) 
Apatemon gracilis (Lymnaea ovata) 2n=20; 6m + 4sm + 4sm-st 

+2st + 4a 
Petkeviciute (1991) 

Apatemon minor (Planorbarius planorbis) 2n=20; 2 m + 6 s m + 4st + 2a-
st + 6a 

Barsiene (1992) 

2n=21;  
Apatemon fuligulae 2n=20; 4 m + 8 s m + 4 s t + 6a Barsiene et al. (1990) 

OPISTHORCHIIDAE 
Opisthorchis felineus 2n=14 Romanenko (1973) 
Opisthorchis felineus 2n=14 (4sm+3m) Polyakov et al. (2010) 
Clonorchis sinensis 2n=56 (3m+1m-sm+16sm+8st) 

– Korea 
(2m+2m/sm+16sm+8st) – China 

Park et al. (2000) 
 

Clonorchis sinensis 2n=56 Park & Young (2003) 
Opisthorchis felineus (Rivolta, 1884) 2n=14 (2m/sm+5) Zadesenets et al. (2012) 
Opisthorchis viverrini (Poirier, 1886) 2n= 12 

(2sm+1sm+1sm/st+1st/a +1a) 
Zadesenets et al. (2012) 

Metorchis xanthosomus (Creplin, 1846) 2n=14 Zadesenets et al. (2012) 
Metorchis billis (Braun, 1893) 2n=14 Zadesenets et al. (2012) 

Clonorchis sinensis (Cobbold, 1875) 2n=14, 2n=56 Zadesenets et al. (2012) 

Opisthorchis viverrini 2n=12 (4m+1sm+1a) Kaewkong et al. (2012) 

TRANSVERSOTREMATIDAE 
Transversotrema patialense 2n=20 Madhavi & Ramanjaneyulu (1986) 

OMPHALOMETRIDAE 
Rubenstrema exasperatum 2n=16 (3m+4sm-

m+1sm(X1)+1st(X) 
Mutafova &Kanev (1996) 

NEODIPLOSTOMATIDAE 
Neodiplostomum seoulense 2n=20 (2m+5sm/st+3t) Park et al. (1998) 

ASPIDOGASTREA 
Aspidogaster conchicola 2n=10 (1st+4a) Petkeviciute (2001b) 
Cotylogaster occidentalis 2n=12 (2m+2sm+2a) Loverde & Fredericksen (1978) 
Cotylapis insignis 2n=22 Loverde & Fredericksen (1978) 

DIPLOZOIDAE 

Diplozoon paradoxum 2n=8 (3m+1a) Koskova et al. (2011) 
Paradiplozoon bliccae 2n=14 (7a) Koskova et al. (2011) 
Paradiplozoon sapae 2n=14 (7a) Koskova et al. (2011) 
Paradiplozoon nagibinae 2n=14 (7a) Koskova et al. (2011) 
Eudiplozoon nipponicum 2n=7 Koroleva (1968b) 
Paradiplozoon megan  2n=7 Koroleva (1968b) 
Diplozoon paradoxum 2n=8, (3m+1a) Koroleva (1968a,b) 
Paradiplozoon bliccae (syn. Diplozoon 
gussevi) 

2n=14, (7a) Koroleva (1968a,b) 

Paradiplozoon bliccae (syn. Diplozoon 
markevitchi) 

2n=14, (7a) Koroleva (1968b, 1969) 

Paradiplozoon sapae 2n=14, (7a) Koroleva (1969) 
Paradiplozoon nagibinae 2n=14, (7a) Koroleva (1969) 
Paradiplozoon pavlovskii 2n=14, (7a) Koroleva (1968a,b) 

© 2016  Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 

22

V
ol
um

e 
X
V
I 
 I
ss
ue

 I
 V

er
sio

n 
I

Y
e
a
r

20
16

  
 

(
DDDD
)

G
Chromosomes and Cytogenetics of Trematodes



Paradiplozoon homoion 2n=14, (7a) Koroleva (1968a,b) 
Diplozoidae sp. 2n=14, (7a) Bovet (1967) 
Diplozoidae sp. (sp. n.) 2n=10, (2m+3a) Koroleva (1969) 
Diplozoidae sp. 2n=7 Baer & Euzet (1961) 
Diplozoidae sp. 
 

2n=7 Bovet (1967) Incorrect data 
according to Koroleva (1968b) 

Diplozoon kashmirensis Kaw, 1950 2n=14 (7a) Present study 
Diplozoon aegyptensis Fischthal et 
Kuntz, 1963 

2n=14 (3m+4a) Present study 

Diplozoon guptai Fayaz and Chishti, 
1999 

2n=14 (2m+1sm+1st+3a) Present study 

PSILOSTOMIDAE 
Psilotrema sp. 2n=16; 4m + 2sm-m + 2sm+ 

8st 
Britt (1947) 

Sphaeridiotrema globulus 2n=14; 4m + 4sm-m + 4s m+ 
2a 

Britt (1947) 

SANGUINICOLIDAE 
Sanguinicola sp. 2n=22; 1 6 m + 2 sm + 4st Britt (1947) 

BRACHYLAEMIDAE 
Leucochloridiomorpha constantiae 2n=16; Filippone & Fried (1974) 

CYATHOCOTYLIDAE 
Gogotea serpentium 2n=16; Saksena, 1969, Subramanyam, Venkat 

Reddy (1977) 
CRYPTOGONIMIDAE 

Acetodexira amiuri 2n=12; Perkins (1956) 
Atrophecaecum bur minis 2n=14; 14sm Madhavi & Ramanjaneyulu (1988) 

OPECOELIDAE 
Sphaerostoma bramae 2n=24; Gresson (1958) 

EUCOTILIDAE 
Cercaria pectinata 2n=12; 6m + 2st+4m-sm Ieyama & Ozaki (1987) 
Cercaria tapidis 2n=16; 8m + 2st-sm + 2st 

+2sm-st +2sm-m 
Britt (1947) 

During the present study three monogeneans 
and one digenean trematodes were investigated for 
cytological investigation.  

b) Monogeneans 

i. Diplozoon kashmirensis Kaw, 1950  
Analysis of mitotic metaphase spreads from ten 

specimens of Diplozoon kashmirensis showed that the 
karyotype of D. kashmirensis comprised 14 acrocentric 
chromosomes (2n=14; Fig. 1a). The karyotype formula 
can be summarized as 2n=14a (Fig. 1b). The longest 
pair is 14.13 μm and the shortest pair is 6.21 μm long 
(Table 2), the fundamental arm number (NF) = 7 and 
total chromosome length (TCL) is 72.57 μm. Arm ratio of 
the complement ranges between 7.67-14.15 and the 
centromeric index ranges 6.60 to 12.28. Chromosome 
pair no. 2, 3 and 4 are nearly similar in their size and are 
very difficult to identify on the basis of chromosome 
morphology (Students T- test; P-value = 0.002; 
P<0.05), precise identification of second, third and 
fourth chromosome pairs is rather difficult because of 
the low degree of significance of length differences, but 
there is significant difference between chromosome 
pairs of 5, 6 and 7 (P-Value = 0.000; P<0.001; Students 
T- test). Whereas statistical processing of the 
established relative lengths of chromosome pairs of 1 & 
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2 (P>0.05) and 4, 5, 6 and 7 (P<0.005) are significant 

due to length difference between them. So, on the basis 
of absolute length and centromeric position, the 
chromosomes have been arranged in order of 
decreasing length in an ideogram (Fig. 2a,b)



Karyotype Formula: (K) 2n=14= 14a 

 
Figure 1 : (a)Chromosome preparation of Diplozoon kashmirensis (b) Ideogram constructed from mitotic cells of 

Diplozoon kashmirensis stained with Giemsa(a= acrocentric) 

 a 
 

 b 

Figure 2 :
 
(a) Idiogram of

 
Diplozoon kashmirensis

 
(b) Error Bars with Standard Deviation of

 
Diplozoon kashmirensis
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Table 2 : Measurements and classification of chromosomes of Diplozoon kashmirensis Kaw, 1950 

Chromos
ome pair 
number 

Length of 
short arm 
(µm) ‘S’ 

Length of 
long arm 
(µm) ‘L’ 

Total 
Length/Abs

olute 
Length 

(µm) L+S 

Arm Ratio 
(L/S) 

Relativ
e 

Length 
(%) 

Centro
meric 
Index 
(ci) 

Classification 

1 1.63 12.5 14.13 7.67 19.47 11.54 Acrocentric T-Value = -25.39  
P-Value = 0.002 
P<0.05 

2 1.47 10.5 11.97 7.14 16.49 12.28 Acrocentric 

3 1.22 9.80 11.02 8.03 15.19 11.07 Acrocentric 
4 1.12 9.00 10.92 8.03 15.05 10.26 Acrocentric 
5 0.89 8.80 9.69 9.89 13.35 9.19 Acrocentric T-Value = -10.88  

P-Value = 0.000 
P<0.001 

6 0.63 8.00 8.63 12.60 11.89 7.30 Acrocentric 
7 0.41 5.80 6.21 14.15 8.56 6.60 Acrocentric 

   
ii. Diplozoon aegyptensis Fischthal et Kuntz, 1963   

The somatic complement of Diplozoon 
aegyptensis species revealed a diploid number of 2n = 
14 (Fig. 3a) comprising first three pairs of chromosomes 
as metacentric and last four pairs of chromosomes as 
acrocentric in which a fundamental arm number (FN) 
equals 10 (Fig. 3b). The chromosomes range in length 
between 7.11 µm to 8.08 µm. The total length of the 
haploid complement equals 55.78 µm. Arm ratio of the 
complement ranges between 1.09–17.23 and the 

centromeric index ranges between 5.49–47.90 (Table. 
3). On the basis of total length of chromosomes and 
relative length there is less significant difference 
between first three pairs of metacentric chromosomes 
(P=0.002 ; P<0.05

 
; Students T-test) and significant 

difference between last four pairs of acrocentric 
chromosome pairs (P=0.001

 
; P<0.001

 
; Students T-

test). The absolute length and centromeric position of 
the chromosomes have been arranged in order of 
decreasing length in an ideogram (Fig.4a,b ).

 

Karyotype Formula : (K) 2n=14= 6m+8a 

 

Figure 3 : (a) Chromosome preparation of Diplozoon aegyptensis (b) Karyotype constructed from mitotic cells of 
Diplozoon aegyptensis stained with Giemsa (m= metacentric; a= acrocentric;) 
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Figure 4 : (a) Ideogram of Diplozoon aegyptensis (b) Error Bars with Standard Deviation of Diplozoon aegyptensis 

Table 3 : Measurements and classification of chromosomes of Diplozoon aegyptensis Fischthal et Kuntz, 1963 
 
Chromos
ome pair 
number 

Length of 
short arm 
(µm) ‘S’ 

Length 
of long 

arm 
(µm) ‘L’ 

Total 
Length/Absol

ute Length 
(µm) L+S 

Arm 
Ratio 
(L/S) 

Relative 
Length 

(%) 

Centromeric 
Index (ci) 

Classification 

1 3.87 4.21 8.08 1.09 14.49 47.90 Metacentric T-Value = 
-20.56  P-
Value = 
0.002 
P<0.05 

2 3.31 4.07 7.38 1.23 13.23 44.85 Metacentric 
3 3.03 3.81 6.84 1.26 12.26 44.30 Metacentric 

4 0.93 8.85 9.78 9.52 17.53 9.51 Acrocentric T-Value = 
-14.82  P-
Value = 
0.001 
P<0.001 

5 0.77 7.89 8.66 10.25 15.53 8.89 Acrocentric 
6 0.51 7.42 7.93 14.55 14.22 6.43 Acrocentric 
7 0.39 6.72 7.11 17.23 12.75 5.49 Acrocentric 

iii.
 

Diplozoon guptai Fayaz and Chishti, 1999 
 

Diploid chromosome number of D. guptai
 

is 
2n=14 as revealed after examination of mitotic 
metaphase spreads from 13 specimens (Fig. 5a). 
Karyotype (Fig. 5b) included two metacentric (nos. 1 
and 2); one submetacentric (no. 3); one subtelocentric 
(no. 4) and three acrocentric (no.s 5, 6 and 7) 
chromosome pair; the karyotype formula may be 
summarized as 2n=4m+2sm+2st+6a. The 
chromosomes are

 
comparatively large; the smallest and 

the largest chromosomes measured 5.39 μm and 8.02 
μm, respectively (for chromosome measurements, see 
Table 4). The number of chromosome arms (NF) is 20 
and total chromosome length (TCL) is 47.25 μm. Arm 
ratio of the complement ranges between 1.04–34.53 
and the centromeric index ranges between 2.81–49.00 
(Table. 3). Length difference between first three pairs are 
much less and there is less significant difference 
between them (P=0.002; P<0.05; Students T-test), and 
these are classified metacentric and submetacentric 
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pairs, but there are significant length difference between 
four pairs of chromosomes (P=0.001 ; P<0.001 ; 
Students T-test). On the basis of absolute length and 

centromeric position, the chromosomes have been 
arranged in order of decreasing length in an ideogram 
(Fig.6a,b). 

Karyotype Formula : (K) 2n=14=4m+2sm+2st+6a 

 

Figure 5 : (a) Chromosome preparation of Diplozoon guptai (b) Karyotype constructed from mitotic cells of Diplozoon 
guptai stained with Giemsa (m= metacentric; sm= Submetacentric; st= Subtelocentric; a= acrocentric;) 

 

Figure 6 : (a) Ideogram of Diplozoon guptai (b) Error Bars with Standard Deviation Diplozoon guptai 
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IV. Discussion 

Karyological characterization of Monogenea 
species is a neglected subject. However, the study of 
karyotype of Diplozoon spp. was the first study in 
Kashmir Valley. Regarding diplozoids, 17 species have 
been studied cytogenetically to date (13 identified and 4 
unclassified taxa, Table 4); karyotypes of only 9 
additional monogeneans have been published (Benazzi 
and Benazzi Lentati 1976; Harris 1985; Rohde 1994; 
Cable and Harris 2002). As summarized in Table 4, all 
diplozoid species have chromosome sets comprising 14 
acrocentric elements except two species which 
comprising 3 metacentric and 1 acrocentric elements. 
Taking into account a hypothesis that less advanced 
species of a group often have non-symmetric 
karyotypes (White 1973), this karyotype seems to 
represent an ancestral type (Koroleva 1969). Thus, 
Koroleva (1969) suggested that species with 
chromosome numbers lower than 14 might originate via 
Robertsonian centric-fusion translocations during 
evolution. 

Four analyzed karyotypes of D. paradoxum, P. 
bliccae, P. nagibinae, and P. sapae were previously 
studied by Koroleva (1968a, b, 1969), and the data on 
number and classification of chromosomes fit well with 
the present results. However, our study has revealed 
new information on chromosome measurements of 
Diplozoon species of the Kashmir Valley. Koroleva 
(1968a, 1969) showed no interspecific differences 
among species with 2n=14. She reported maximum 
chromosome length from 3 to 5 μm in P. bliccae (syn. 
Diplozoon gussevi) and from 4 to 13 μm in D. 
paradoxum (Koroleva 1968a). Our analysis revealed 
lower chromosome length, but such differences are 
likely related to different methodology used; it is known 
that air-dry and spreading techniques produce longer 
chromosomes than formerly used squashes (Reblanova 
et al. 2010). The most related congeners P. bliccae, P. 
nagibinae, and P. sapae (Matejusova et al. 2001, 2004; 
Gao et al. 2007) have equal number of 14 chromosomes 
of very similar morphology, all being acrocentric. 
However, our study showed that all the three species of 
Diplozoon examined contain 14 chromosomes with 
varying length of short and long arm and having 
different chromosome morphology. D. kashmirensis 
contains 14 chromosomes of which all are acrocentric 
(2n=14=14a) and have chromosome length ranging 
between 6.21-14.13 µm where as D. aegyptensis also 
contains 14 chromosomes but with different 
chromosome morphology in which the first three pairs 
are metacentric and rest of four pairs are acrocentric 
(2n=14=6m+8a) and have smallest and largest 
chromosome length between 6.84 and 9.78 µm. The 
third species D. guptai differs markedly in chromosome 
morphology (2n=14=4m+2sm+2st+6a) but it has 
nearly the same chromosome length as of D. 

aegyptensis i.e., having a short and long arm between 
5.39 and 8.02 µm. These data correspond well with the 
above-mentioned hypothesis of Koroleva regarding an 
evolution of the D. paradoxum karyotype from an 
ancestral type with seven one-armed pairs.  

Regarding interspecific differences of different 
species of Diplozoon spp. they show variation of their 
relative lengths (Table 5). Thus, when comparing the 
relative length of Diplozoon kashmirensis with those of 
Diplozoon aegyptensis, the differences are not 
significant (T-value =-0.00, P-value = 0.999 and 
Pearson correlation =0.190; P-value = 0.683; P>0.05). 
Those of Diplozoon kashmirensis with Diplozoon guptai 
(T-Value =0.00, P-Value = 1.000 and Pearson 
correlation= -0.202, P-value = 0.664; P>0.05) again the 
differences are not significant and in Diplozoon 
aegyptensis compared to Diplozoon guptai (T-value 
=0.00, P-Value = 0.999 and Pearson correlation= -
0.127 P-Value =0.787; P>0.05, here we again see that 
differences are not significant statically. Therefore, the 
noted differences in the relative chromosome lengths 
between the individual Diplozoon species cannot be 
used as a reliable criterion for establishing identification 
of the Diplozoon species. So, on the basis of 
centromeric index Diplozoon species can be used for 
the identification of different species. Thus, 
pericentromeric heterochromatin, occurring in 
acrocentric chromosomes of any of studied species with 
2n=14, might be lost in the process of centric fusions. It 
is evident that further detailed cytogenetic study of 
subsequent diplozoid monogeneans will better reveal 
general routs of chromosome evolution within the 
relatively narrow group of interesting fish parasites. 

a) Digenean Trematode 
i. Clinostomum schizothoraxi Kaw, 1950 

Colchicine treatment allowed us to examine 
enough number of metaphase plates with well-
contracted mitotic chromosomes. In this way, the 
number and morphology was determined with high 
accuracy. A diploid complement of 2n=20 was found in 
43 dividing cells of Clinostomum schizothoraxi (Fig. 7 
&8) collected from Schizothorax and Carassius spp. The 
chromosomes are large; the smallest measured 5.88 
μm and the largest 9.15μm (Table 5 & 6). Karyotype 
(Pmg. 4.37) included one metacentric (no. 1); two 
submetacentric (no.s 2 and 3); three subtelocentric 
(no.s 4; 5 and 6) and four acrocentric (no.s 7, 8; 9 and 
10) chromosome pair; the karyotype formula may be 
summarized as 2n=20=1m+2sm+3t+4a. Number of 
chromosome arms (NF) was 26; total haploid 
complement length (TCL) was 77.12 μm. Arm ratio of 
the complement ranges between 1.51–18.31 and the 
centromeric index ranges from 5.18–39.88 (Table 4.29). 
There is less chromosome length differece between 2 & 
3; 4 & 5,  6, 7 & 8 and 9 &10 which are statistically less 
significant (P<0.05 ; Students T-test). On the basis of 
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absolute length and centromeric position the 
chromosomes have been arranged in order of 
decreasing length in an ideogram and the karyotype 

formula is; Karyotype Formula : (K) 2n=20=1m+ 
2sm+3t+4a. 

Table 5 : Measurements and classification of chromosomes of Clinostomum schizothoraxi Kaw, 1950 

Chromo
some 
pair 

number 

Length 
of short 

arm 
(µm) ‘S’  

Length 
of long 

arm 
(µm) ‘L’  

Total 
Length/Abs

olute 
Length 

(µm) L+S 

Arm 
Ratio 
(L/S) 

Relativ
e 

Lengt
h (%) 

Centromer
ic  

Index (ci)  

Classification  

1 3.21 4.84 8.05 1.51 10.44 39.88  Metacentric   
2 2.13 4.11 6.24 1.93 8.09 34.13  Submetacentric  P-Value = 0.020 P<0.05  
3 2.00 3.88 5.88 1.94 7.62 34.01  Submetacentric  
4 1.54 6.63 8.17 4.31 10.59 18.85  Subtelocentric  P-Value = 0.012; 

P<0.05  5 1.33 6.52 7.85 4.90 10.18 16.94  Subtelocentric  
6 1.00 5.43 6.43 5.43 8.34 15.55  Subtelocentric  P-Value = 0.011  

P<0.05  7 0.84 8.31 9.15 9.89 11.86 9.18  Acrocentric  
8 0.71 8.13 8.84 11.45 11.46 8.03  Acrocentric  
9 0.56 7.84 8.40 14.00 10.89 6.67  Acrocentric  P-Value = 0.010  

P<0.001  10 0.42 7.69 8.11 18.31 10.52 5.18  Acrocentric  

 
Pmg. 7 : (a) Chromosome preparation of Clinostomum schizothoraxi. (b) Karyotype constructed from mitotic cells of 

Clinostomum schizothoraxi stained with Giemsa (m= Metacentric; sm= Submetacentric; st= Subtelocentric; a= 
Acrocentric) 
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Figure 8 : (a) Haploid idiogram, (b) Error bars with standard error of Clinostomum schizothoraxi Kaw, 1950 

Table 6 : Comparative Relative Lengths (%)of Trematodes 

Chromoso
me Pair 

No. 

Diplozoon 
kashmirensis 
Kaw, 1950 

Diplozoon 
aegyptensis 

Fischthal et Kuntz, 
1963 

Diplozoon guptai 
Fayaz and Chishti, 

1999 

Clinostomum schizothoraxi 
Kaw, 1950 

1 19.47 14.49 14.81 10.44 
2 16.49 13.23 13.93 8.09 
3 15.19 12.26 12.76 7.62 
4 15.05 17.53 11.41 10.59 
5 13.35 15.53 16.97 10.18 
6 11.89 14.22 15.83 8.34 
7 8.56 12.75 14.29 11.86 
8  11.46 
9 10.89 

10 10.52 

V. Discussion 

Digenean Trematodes are karyotypically 
conservative, and their karyotypes tend to have the 
same number and closely related gross chromosome 
morphology of the genus and family (or even higher) 
taxonomic level. Most of the karyologically studied 
members of Digenean families are Troglotrematidae, 
Plagiorchiidae, Telorchiidae, Prosthogonimidae, and 
Lecithodendriidae. Information on the cytogenetics of 

Clinostomidae
 

trematodes is limited largely to the 
description of the chromosome numbers. Clinostomum 
schizothoraxi

 
possess 10 haploid chromosomes in 

which first pair is metacentric; pairs 2 & 3 are 
submetacentric while pairs 4; 5 & 6 are subtelocentric 
and pairs 7; 8; 9 and 10 are acrocentric which were 
observed during the present investigation. Britt (1947) 
also reported 10 haploid chromosomes in various 
species of the family Clinostomidae. According to Britt 
(1947), the largest chromosome were observed in the 
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family Allocreadiidae, where some pairs measures up to 
8 µm in length and smallest in the families 
Clinostomidae and Plagiorchiidae, in case of the present 
study the chromosomes are medium sized; the smallest 
measured 5.88 μm and the largest 9.15 μm. His work 
was mainly concerned with collecting cytological 
evidences to find an evolutionary mechanism in 
Platyhelminthes. However, Short and Menzel (1960) 
concluded that morphological changes accompanying 
separation of the genera seem to have been the results 
of translocations, inversions, deletions, and changes in 
the number of smaller chromosomes of Digeneans. The 
present results on karyotype of Clinostomum 
schizothoraxi, 2n=20, are in agreement with Britt (1947) 
who described 20 chromosomes of Clinostomum 
marginatum. Despite limitations of the method used, 
Britt (1947) established that small chromosomes are 
characteristic of Clinostomidae species and our data 
confirm these findings. Mitotic chromosomes of 
Clinostomum schizothoraxi are medium sized, up to 9.15 
μm. Notable workers like Cable (1931, 1974); Anderson 
(1935); Chen (1937); Rees (1937); Pennypacker (1936, 
1940); Markell (1943); Ciordia (1949; 1950, 1956); 
Willmott (1950); Willey and Godman (1950); John 
(1956); Dhingra (1954a-c,1955a-c); Guildford (1955, 
1961); Short, (1955, 1957) and Short and Menzel (1957, 
1959, 1960); Sanderson (1959); Barton (1960); Greson 
(1958, 1964); Sharma et al. (1968a-b); Saksena (1969); 
Reddy and Subramanyam (1973, 1975); Sharma  et al 
(1974) and  Jha (1975) have observed interesting 
cytological variations regarding the chromosome 
number and morphology in the order Digeneans. 

Changes in chromosome form in digeneans 
trematodes were believed most commonly from centric 
fusion, pericentric inversions, changes in the amount of 
heterochromatin and euchromatin, and through other 
chromosomal rearrangements (Grossman & Cain, 
1981). Often a likely route for the evolution of 
chromosomes within a family or genus can be 
visualised; key indicators include: karyotypic variation 
between related species whose diploid complements 
differ (Barsiene & Grabda-Kazubska, 1988a); atypically 
large chromosomes (Grossman & Cain, 1981); the 
relative lengths of chromosomes comprising the haploid 
genome (White, 1973); and the chromosome arm 
number (Mutafova, 1994). One of the most commonly 
observed evolutionary pathways occurring in the 
digenean genome results from a Robertsonian 
translocation. 

VI. Conclusion 

Studies of trematode material have been 
relatively numerous, and the results point definitely 
toward the desirability of continued efforts in this field of 
research. The discovery of the presence of 
heterochromosomes, particularly of the fact that some 

forms show the female as the heterogamic sex, is of 
especial interest and importance. Some definite 
taxonomic relationships are recognizable, but since in 
some cases they substantiate other types of evidence 
used in establishing phylogenetic position and in other 
cases the results seem to be contradictory, further 
observations are in order. Perhaps some of the 
apparent contradictions may be eliminated as our 
knowledge increases. Such definitely has been the case 
among the Turbellaria, as mentioned in the body of this 
paper. In the digenetic trematodes studied till to date, 
most variations in the chromosome numbers within a 
genus are seldom greater than + 1 or 2 bivalents. Thus 
the mechanism for an addition or deletion of the 
chromosome must operate at a low level or inefficient 
level in this group. This suggest that the differences in 
the have come about by a doubling of the whole sets of 
chromosome but by a gradual addition or losses. Each 
change which represents aneuploid condition becomes 
stabilized. When variation in the chromosome number 
exceeds 1 or 2 bivalents, it probably represents 
successive aneuploid conditions, each change followed 
by a period of stability in the new chromosome number. 
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Abstract- In Seoul City, the rate of households with a cat or dog was 17.9%, and the number of 
households with a companion animal was estimated to 3,590,000 in 2013. But, In Seoul City, 
more than 13,000 animals are abandoned every year.  

In this study, the occurrence, monthly population change, breed, sex, age, and health 
condition of abandoned dogs and cats in each district of Seoul City in 2013 were surveyed 
based on data obtained from the website of the Animal Protection Management System, Animal 
and Plant Quarantine Agency (www.animal.go.kr).  

In 2013, out of 11,320 abandoned animals in total, 7,772 (68.66%) were dogs and 3,548 
(31.34%) were cats. Regarding dogs, 5,450 (70.12%) were purebred and 2,322 (29.88%) were 
crossbred; 5,279 (67.92%) were in normal health condition and 2,493 (32.08%) were in abnormal 
health condition; and 3,473 (44.69%) were 0-2 years old.  
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2012, unpublished data). Based on a survey of 1000 
households in Seoul City, it was estimated that 
approximately 640,000 households (1 to 6) had a cat or 
dog. When we included the households that were willing 
to raise a companion animal, this number climbed to 
800,000 households (1 in 5) [1]. 

In 2013, the total number of abandoned animals 
was 97,197 in Seoul City, of which, 62,119 (63.9%) were 
dogs and 34,103 (35.1%) were cats, and the cost to 
manage abandoned animals climbed to 1 billion Korean 
Won (KW) per year. Lately, conflicts between residents, 
who have companion animals and those who do not, 
are very frequent. Additionally, intentional abandonment 
of animals is an increasing phenomenon in Korea and 
worldwide [2, 3, 4, 5, 6, 7].  

Abandoned animals raise social issues, 
because of the frequent incidents of infectious diseases, 
such as dog ascaris (Toxacara canis) and rabies [8, 9, 
10], which are transmissible to humans from bite injuries 
by abandoned animals, or contaminated drinking water 
from the dead bodies of abandoned animals. Moreover, 
necessary financial and human resources have been 
continuously increasing, since the implementation of the 
Animal Protection Law, which regulates the 
management of abandoned animals from capture to 
care.  

According to the Animal Protection Law, the 
abandonment of an animal can be reported to a district 
office. District officers go to the place of abandonment, 
capture the animal, take it to a shelter within the district, 
and place an announcement for at least 7 days, in order 
the owner to get informed and be able to take the 
animal back (Animal Care Management System, 
http://www.animal.go.kr). If the owner does not appear 
within 10 days from the day of the announcement, the 
District Government takes ownership of the animal and 
a post-management plan is applied, which includes 
adoption, natural death, or euthanasia. By 2013, 19 out 
of 25 District Governments in Seoul City had made trust 
agreements with the Korean Animal Rescue and 
Management Association (KARMA) and 6 District 
Governments had entrusted local veterinary clinics and 
the Veterinary Association with the care of abandoned 
animals (Seoul City Metropolitan Animal Protection 
2013, unpublished data).  

The rate of abandoned dogs and cats had been 
increasing in Korea, thus in 2004 a rescue program for 
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Abstract- In Seoul City, the rate of households with a cat or 
dog was 17.9%, and the number of households with a 
companion animal was estimated to 3,590,000 in 2013. But, In 
Seoul City, more than 13,000 animals are abandoned every 
year. 

In this study, the occurrence, monthly population 
change, breed, sex, age, and health condition of abandoned 
dogs and cats in each district of Seoul City in 2013 were 
surveyed based on data obtained from the website of the 
Animal Protection Management System, Animal and Plant 
Quarantine Agency 

In 2013, out of 11,320 abandoned animals in total, 
7,772 (68.66%) were dogs and 3,548 (31.34%) were cats. 
Regarding dogs, 5,450 (70.12%) were purebred and 2,322 
(29.88%) were crossbred; 5,279 (67.92%) were in normal 
health condition and 2,493 (32.08%) were in abnormal health 
condition; and 3,473 (44.69%) were 0-2 years old.

Regarding cats, 3,121 (87.97%) were Korean 
Shorthair, 308 (8.68%) were purebred, and 119 (3.35%) were 
crossbred; 3,325 (93.71%) were 0-2 years old, while 2,375 
(71.43%) were 0-3 months old.

Results of this study will be used to effectively tackle 
the problem of abandoned animals in Seoul City and hence in 
Korea.
Keywords: abandoned animal population; animal 
protection law; animal registration system; APMS; TNR.

I. Introduction

n the past few year, the standard of living increased in 
Korea along with the number of one-person 
households, which led to an increase in the number of 

companion animals that attracted increasingly more 
public attention (Korean Statistical Information Service, 
http://kosis.kr/). In Seoul City, the rate of households 
with a cat or dog was 17.9%, and the number of 
households with a companion animal was estimated to 
3,590,000 in 2013. In the same year, the number of 
companion dogs was 4,400,000 and of companion cats 
was 1,160,000 in Korea (Korea Social Economic Institute 

I 

(www.animal.go.kr).



abandoned animals was implemented in 25 districts of 
Seoul City. The initial rate of abandoned animals was 
estimated at 13,000 per year, which increased 
significantly in 2010 at 18,624 and thereafter it 
decreased slowly at 15,229 in 2011 and at 13,556 in 
2012 (Seoul City Metropolitan Animal Protection 2013, 
unpublished data). 

Approximately 50% of the abandonments occur 
due to the problematic animal behavior, such as loud 
barking, improper urination, and excessive behaviors 
that offend their owners and destroy emotional bonds 
between humans and animals [11]. Nevertheless, the 
problem goes even deeper; many people buy 
companion animals imprudently just for their attractive 
look, do not train them and abandon them, when their 
behavior becomes problematic or their care is harder 
than expected, especially within a residential 
environment. Sympathy and responsibility for animals 
are two essential tools to tackle the problem of 
abandonment [12]. 

The objective of this study was to inform the 
public and to obtain necessary data for developing a 
policy to manage abandoned animals. We conducted a 
survey and data analysis on the occurrence, monthly 
population change, breed, sex, age, and health 
condition (normal or abnormal) of abandoned dogs and 
cats that were rescued and managed by KARMA, local 
veterinary clinics and the Veterinary Association in each 
district. 

II. Methods 

In this study, the occurrence, monthly 
population change, breed, sex, age, and health 
condition (normal or abnormal) of abandoned dogs and 
cats in each district of Seoul City in 2013 were surveyed 
based on data obtained from the website of the Animal 
Protection Management System, Animal and Plant 
Quarantine Agency (www.animal.go.kr). Health 
condition was divided into two categories, normal and 
abnormal. As abnormal was characterized any 
irreversible or critical condition, such as serious external 
injury (fracture or bleeding), virus infection, skin disease 
or when the animal was moribund.  

III. Results 

In 2013, out of 11,320 abandoned animals in 
total, 7,772 (68.66%) were dogs and 3,548 (31.34%) 
were cats. The occurrence of abandoned cats and dogs 
in each district was also analyzed and results are shown 
in Figure 1. The districts that had the highest occurrence 
of abandoned dogs were Gwanak-gu (528 dogs), 
Yangcheon-gu (460 dogs), and Eunpyeong-gu (448 
dogs), while abandoned cats appeared more frequently 
in Yongsan-gu (606 cats), Mapo-gu (463 cats), and 
Gwanak-gu (412 cats). On the contrary, the districts that 
had the lowest occurrence of abandoned dogs were 

Jongno-gu (145 dogs), Jung-gu (148 dogs), and 
Seongdong-gu (192 dogs), while abandoned cats 
appeared less frequently in Gangdong-gu (17 cats), 
Dongjak-gu (19 cats), and Yangcheon-gu (28 cats). 

The occurrence of abandoned cats and dogs 
per 1,000 households in each district was also analyzed 
and results are shown in Figure 2. The districts that had 
the highest occurrence of abandoned dogs per 1,000 
households were Yongsan-gu (4.61 dogs), Gangbuk 
(3.43 dogs), and Jung-gu (3.24 dogs), while abandoned 
cats appeared more frequently per 1,000 households in 
Yongsan-gu (7.01 cats), Mapo-gu (3.27 cats), and Jung-
gu (3.11 cats). ). On the contrary, the districts that had 
the lowest occurrence of abandoned dogs per 1,000 
households were Gangnam-gu (0.98 dogs), Songpa-gu 
(1.49 dogs), and Nowon-gu (1.53 dogs), while 
abandoned cats appeared less frequently per 1,000 
households in Gangdong-gu (0.11 cats), Dongjak-gu 
(0.13 cats), and Yangcheon-gu (0.18 cats).  

According to the Animal Protection Law and 
post-management plan of abandoned animals, out of 
7,772 abandoned dogs 3,428 (44.11%) were 
euthanized, 2,044 (26.30%) were returned to their 
owners, 1679 (21.60%) were adopted, and 431 (5.80%) 
died naturally (Figure 3). The districts that had a higher 
rate of adoption compare to that of euthanasia were 
Gwanak-gu, Mapo-gu, and Yongsan-gu (Figure 4). 
Additionally, out of 3,351 abandoned cats, 837 (23.59%) 
were euthanized, 60 (1.69%) were returned to their 
owners, 897 (25.28%) were adopted, and 1,557 
(43.88%) died naturally (Figure 3). The districts that had 
a higher rate of adoption compared to the rate of natural 
death were Gwanak-gu, Yongsan-gu, Dongjak-gu, 
Yangcheon-gu, and Gangnam-gu (Figure 5). It is 
noteworthy that the rate of dogs that returned to their 
owners was higher by 24.61% that that of cats                
(Figure 3). 

The monthly occurrence of abandoned cats and 
dogs was analyzed and results are shown in Figure 6. 
The months that had the highest occurrence of 
abandoned dogs were August (11.34%), July (10.87%), 
and May (10.36%), abandoned cats appeared more 
frequently in May (16.91%), June (14.88%), and July 
(14.15%). 

A summary of data on breed, sex and health 
condition of abandoned dogs are presented in Table 1. 
Out of 7,772 abandoned dogs, 5,450 (70.12%) were 
purebreds and 2,322 (29.88%) were crossbreds took up 
of 7,772 abandoned dogs, while 3,446 (44.34%) were 
female and 4,326 (55.66%) were male. The number of 
male dogs was higher than that of female dogs. Normal 
dogs were 5,279 (67.92%) and abnormal dogs were 
2,493 (32.08%). The number of normal dogs was double 
than that of abnormal dogs. Regarding the age of 
abandoned dogs, 3,473 (44.69%) were 0-2 years old, 
1,999 (25.72%) were 3-5 years old, 1,214 (15.62%) were 
6-8 years old, and 1086  (13.97%) were older than 9 

© 2016  Global Journals Inc.  (US)
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years. Results showed that younger dogs were more 
likely to be abandoned than older dogs. 

Out of 5,450 purebred dogs, 4,252 (78.02%) 
were small-sized dogs were, 1021 (18.73%) were 
middle-sized dogs, and 177 (3.25%) were big-sized 
dog. Out of 4,252 small-sized dogs, 1,454 (26.68%) 
were Maltese, 888 (16.29%) were Shih Tzu, 724 
(13.28%) were Poodle, and 598 (10.97%) were Yorkshire 
Terrier (Table 2). 

A summary of data on breed, sex and health 
condition of abandoned cats are presented in Table 3. 
Out of 3,548 abandoned cats, 308 (8.68%) were 
purebreds, 119 (3.35%) were crossbreds, and 3,121 

(87.97%) were Korean Shorthair, while 1,748 (49.27%) 
were female and 1800 (50.73%) were male. The number 
of female cats did not differ significantly from the 
number of male cats. Normal cats were 1,990 (56.09%) 
and abnormal were 1,558 (43.91%). The number of 
normal cats was higher than that of abnormal cats. 
Regarding the age of abandoned cats, 3,325 (93.71%) 
were 0-2 years old, 183 (5.16%) were 3-5 years old, 38 
(1.07%) were 6-8 years old and 2 (0.06%) were older 
than 9 years. Results showed that the majority of 
abandoned cats were infant cats. Out of 308 purebred 
cats, 126 (40.91%) were Persian and 88 (28.57%) were 
Turkish Angora (Table 4). 
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Figure 1 : Occurrence of abandoned dogs and cats in 25 districts of Seoul City in 2013

Figure 2 : Occurrence of abandoned animals dogs and cats per 1000 households in 25 districts of Seoul City in 
2013
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Figure 3 : Management of abandoned dogs and cats in 25 districts of Seoul City in 2013

Figure 4 : Management of abandoned dogs in each of 25 districts of Seoul City in 2013

Figure 5 : Management of abandoned cats in each of 25 districts of Seoul City in 2013
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Figure 6 : Monthly occurrence of abandoned dogs and cats in 25 districts of Seoul City in 2013

Table 1 : Data summary (number and frequency) on breed, sex and health condition of abandoned dogs in 25 
districts of Seoul City in 2013

Breed Sex Physical
Condition observed

Age(year)

Pure Cross Female Male normal abnormal 0-2 3-5 6-8 over 9

(No.) 5,450 2,322 3,446 4,326 5,279 2,493 3,473 1,999 1,214 1,086
(%) 70.12 29.88 44.34 55.66 67.92 32.08 44.69 25.72 15.62 13.97

Table 2 : Data summary (number and frequency) on breeds and sizes of abandoned dogs in 25 districts of Seoul 
City in 2013

Small dog ( < 10kg) Middle dog ( < 25kg) Big dog ( > 25kg)
Breed No. (%) Breed No. (%) Breed No. (%)

Maltese 1,454 (26.68) Jindo 264 (4.84)
Golden 

Retriever
46 (0.84)

Shih Tzu 888 (16.29) Schnauzer 254 (4.66) Siberian Husky 31 (0.57)

Poodle (Toy) 724 (13.28)
Coker 

Spaniel
220 (4.04)

Alaskan 
Malamute

28 (0.51)

Yorkshire 
Terrier

598 (10.97) Spitz 125 (2.29) Samoyed 18 (0.33)

Miniature 
Pinscher

156 (2.86) Beagle 77 (1.41)
Labrador 
Retriever

10 (0.18)

Pomeranian 151 (2.77) Welsh Corgi 19 (0.35) Great Pyrenees 7 (0.13)

Pekingese 94 (1.72) Bulldog 14 (0.26)
German 

Shepherd
6 (0.11)

Dachshund 78 (1.43) Shar-pei 9 (0.17) Collie 6 (0.11)

Chihuahua 68 (1.25)
Shetland 

Sheepdog
7 (0.24) Pointer 5 (0.09)

Others 41 (0.75) Others 32 (0.94) Others 20 (0.17)

Subtotal 4,252 (78.02) Subtotal 1021 (18.73) Subtotal 177 (3.25)
Total No. (%) 5,450 (100)

• *Standard for FCI (Federation Cynologique Internationale) 



Table 3 : Data summary (number and frequency) on breed, sex and health condition of abandoned cats in 25 
districts of Seoul City in 2013 

 Breed Sex Physical 
Condition observed 

Age(year) 

Pure Cross 
Korean 

short hair 
Female Male normal abnormal 0-2 3-5 6-8 

over 
9 

(No.) 308 119 3,121 1,748 1,800 1,990 1,558 3,325 183 38 2 
(%) 8.68 3.35 87.97 49.27 50.73 56.09 43.91 93.71 5.16 1.07 0.06 

Table 4 : Data summary (number and frequency) on breeds and sizes of abandoned cats in 25 districts of Seoul City 
in 2013 

Breed No. (%) 

Persian 126 (40.91) 

Turkish Angora  88 (28.57) 

Russian Blue 39 (12.66) 

Siamese 29 (9.42) 

Scottish Fold 8 (2.60) 

American Shorthair 7 (2.27) 

Abyssinian 5 (1.62) 

Norwegian Forest 2 (0.65) 

Others 4 (1.30) 

Total  308 (100) 

                                                            Others; American Curl, Balinese, Bengal, Ragdoll 

IV.
 

Discussion
 

The objective of this study was to obtain 
necessary data for effectively tackling the problem of 
abandoned animals in Seoul City. The occurrence, 
monthly population change, breed, sex, age, and health 
condition (normal or abnormal) of abandoned dogs and 
cats in each district of Seoul City in 2013 were surveyed 
based on data obtained from the website of the Animal 
Protection Management System, Animal and Plant 
Quarantine Agency (www.animal.go.kr). Overall, out of 
11,320 abandoned animals, 7,772 (68.66%) were dogs 
and 3,548 (31.34%) were cats. 

 

In 19 districts abandoned animals were rescued 
and managed by KARMA and in 6 districts (Gwanak-gu, 
Geumcheon-gu, Dongjak-gu, Mapo-gu, Yangcheon-gu, 
and Yongsan-gu) by local veterinary clinics and the local 
Veterinary Association. In these 6 districts, the 
occurrence of abandoned animals was higher, but at the 
same the rate of adoption was also higher, while the 
rates of euthanasia or of natural death were lower than 
in the other 19 districts, which shows that management 
of abandoned animals was more effective.

 

Out of 7,772 abandoned dogs, 4,252 (78.02%) 
were purebred, small-sized dogs, probably because 
they are more suitable for residential environment such 

as apartments or villas. Abandoned purebred dogs were 
Maltese, Shih Tzu, Poodle, Yorkshire Terrier, and 
Miniature Schnauzer, breeds that constitute 70% 
(210,000 dogs) of the total companion dog sales in 
Korea (Korea Industry and Economy Laboratory 2006). 

 

Out of 7,772 abandoned dogs, 3,446 (44.34%) 
were female and 4,326 (55.66%) were male. The number 
of male dogs was higher than that of female dogs; 
because it is harder to toilet-train male dogs than female 
dogs, and also they are more loud and wander around 
in heat, characteristics that annoy both the owners and 
their neighbors [13]. 

 

Data showed that 5,279 (67.92%) dogs were 
normal, 2,385 (30.69%) dogs were under 1 year old, and 
most of them were abandoned in July and August. 
These results showed that dogs

 
were abandoned during 

the summer vacation period, not because they were 
unhealthy, but possibly because their care was harder 
than expected.

 

Out of 3,548 abandoned cats, 308 (8.68%) were 
purebreds, 119 (3.35%) were crossbreds, and 3,121 
(87.97%) were Korean Shorthair. In Korea, the rate of 
purebred cats has been increasing, but Korean 
Shorthair is still the most popular breed [14]. It is 
generally difficult to distinguish abandoned and feral 
Korean Shorthair, because the latter breed naturally and 

© 2016  Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 

46

V
ol
um

e 
X
V
I 
 I
ss
ue

 I
 V

er
sio

n 
I

Y
e
a
r

20
16

  
 

(
DDDD
)

G
Survey on the Status of Abandoned Animals in Seoul City, 2013



live independently in Seoul City. It is noteworthy that the 
rate of dogs that returned to their owners was higher by 
24.61% that that of cats, which may suggest that most 
of Korean Shorthair were feral and not abandoned cats. 
Abandoned cats under 3 months old were 2,375 
(71.43%) and cats that died naturally were 1557 
(43.88%). March, May and June are the major 
reproduction moths in cats [15], so this explains the 
reason that Korean Shorthair occurred most often in 
May (16.91%), June (14.88%), and July (14.15%), and 
also the high probability of feral infant cats (except of 
those subjected to TNR) to be classified and managed 
as abandoned cats. 

According to the Animal Protection Law (Article 
13), cats that breed naturally and live independently are 
not subjects of protection, but of TNR to control their 
population and are excluded from rescue and care. But 
as a result feral cats are still treated as abandoned 
animals. 

Animal registration system has been 
implemented in 53 cities and counties since 2008 and 
195,808 dogs were registered until 2011. As a result, the 
rate of abandoned animals that returned to their owners 
increased, return time shorted and the occurrence of 
abandoned dogs decreased. Animal registration system 
has been extended nationwide since January 1, 2013. 
Out of 1,273,563 dogs, 479,147 have been registered 
since then and the rate of registration has been 
continuously increasing.  

In Taipei, Taiwan, the Bureau of Animal 
Protection tightened up animal care education and 
Federal Government supported neutralization of 
animals. As a result, 70% of companion animals were 
registered and the occurrence of abandoned animals 
decreased sharply (Taipei City Animal Protection Office, 
Ministry of Health and Welfare 2013, unpublished data).  

In Tokyo, Japan, dog registration system has 
been implemented since 1985. As a result, more than 
50% of dogs have been registered, and the occurrence 
of abandoned dogs decreased by 83% (Tokyo Animal 
Center 2012, unpublished data).  

In Ottawa, Canada and New South Wales, 
Australia, animal registration system has been 
implemented both for dogs and cats (Seoul 
Metropolitan Government 2013, unpublished data). If 
animal registration system for cats is enforced, it will 
help to distinguish domestic cats from feral cats, 
manage them more effectively and decrease the 
occurrence of feral cats. 

In Conclusion, to tackle the problem of 
abandoned animals, first, a new regulation of 
companion animal sellers and owners should be 
included in the Animal Protection Law to strengthen their 
responsibility; second, education programs on animal 
rights should be implemented; third, potential owners 
should be informed on the basic physiological and 
ethological characteristics of companion animals before 

hey adopt them. Additionally, an effective management 
system should be imposed on every phase of animal 
production, distribution, and sale.  

Abandoned animal management can be 
improved, if new animal care centers are developed and 
managed directly by Seoul City Metropolitan 
Government as happens in Taipei and Tokyo, and also 
volunteer work is encouraged for a more transparent 
and effective management. We suggest that new 
convenient animal care centers should be constructed, 
a positive animal protection policy should be 
established and education on animal rights should be 
promoted.  

This is the first report that surveyed the 
characteristics of abandoned animals that rescued and 
managed by Seoul City Metropolitan Government, and 
results can be used to effectively tackle the problem of 
abandoned animals in Seoul City and hence in Korea. 
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They should critically review the contents and drafting of the paper. All should approve the final version of the paper before 
submission 

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According 
to the Global Academy of R&D authorship, criteria must be based on: 

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings. 

2) Drafting the paper and revising it critically regarding important academic content. 

3) Final approval of the version of the paper to be published. 

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors 
who do not match the criteria as authors may be mentioned under Acknowledgement. 

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The 
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along 
with address. 

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere. 

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this 
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Please mention proper reference and appropriate acknowledgements wherever expected. 

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the 
author's responsibility to take these in writing. 

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the 
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved. 

3. SUBMISSION OF MANUSCRIPTS 

 Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of 
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to 
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below. 

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given 
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author, 
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the 
instructions. 
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and 
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our 
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments. 

Complete support for both authors and co-author is provided. 

4. MANUSCRIPT’S CATEGORY 

Based on potential and nature, the manuscript can be categorized under the following heads: 

Original research paper: Such papers are reports of high-level significant original research work. 

Review papers: These are concise, significant but helpful and decisive topics for young researchers. 

Research articles: These are handled with small investigation and applications 

Research letters: The letters are small and concise comments on previously published matters. 

5.STRUCTURE AND FORMAT OF MANUSCRIPT 

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words 
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and 
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as 
follows: 

 Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and 
comprise: 

(a)Title should be relevant and commensurate with the theme of the paper. 

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions. 

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus. 

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared. 

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition; 
sources of information must be given and numerical methods must be specified by reference, unless non-standard. 

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable 
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design 
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to 
have adequate numerical treatments of the data will be returned un-refereed; 

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing. 

(h) Brief Acknowledgements. 

(i) References in the proper form. 

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more 
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the 
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial 
correction. 
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness. 

It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines. 

 Format 

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript 
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable, 
that manuscripts should be professionally edited. 

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary. 
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When 
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater. 

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed 
by the conventional abbreviation in parentheses. 

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration, 
1.4 l rather than 1.4 × 10-3 m3, or 4 mm somewhat than 4 × 10-3 m. Chemical formula and solutions must identify the form used, e.g. 
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by 
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear. 

Structure 

All manuscripts submitted to Global Journals Inc. (US), ought to include: 

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces), 
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining 
and indexing. 

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for 
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a 
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most 
public part of your paper. 

Key Words 

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and 
Internet resources. 

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible 
keywords and phrases to try. 

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses 
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing 
research paper are very helpful guideline of research paper. 

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search: 
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• One should start brainstorming lists of possible keywords before even begin searching. Think about the most 
important concepts related to research work. Ask, "What words would a source have to include to be truly 
valuable in research paper?" Then consider synonyms for the important words. 

• It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most 
databases, the keywords under which a research paper is abstracted are listed with the paper. 

• One should avoid outdated words. 

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work 
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions 
will cause delays. 

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make 
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done 
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
being noticeable. 

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used. 

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers, 
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them. 

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or 
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible). 

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi; 
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi. 
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork. 
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to 
complete and return a color work agreement form before your paper can be published. 

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE 

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the 
Global Journals Inc. (US). 

 6.1 Proof Corrections 

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must 
therefore be provided for the related author. 

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for 
any corrections to be added. Further instructions will be sent with the proof. 

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt. 

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please 
note that the authors are responsible for all statements made in their work, including changes made by the copy editor. 

 6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print) 

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in 
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for 
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after 
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles 
cannot be cited in the conventional way. 

 6.3 Author Services 

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article - 
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their 
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link 
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. 

 6.4 Author Material Archive Policy 

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two 
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
possible. 

 6.5 Offprint and Extra Copies 

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 
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2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 
They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 
automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 
logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 
supervisor to help you with the alternative. He might also provide you the list of essential readings. 

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 
research paper. From the internet library you can download books. If you have all required books make important reading selecting and 
analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

 

Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 
confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 
possible that evaluator has already seen it or maybe it is outdated version.  

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 
suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 
target. 

 

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 
language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 
records. 

 

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 
will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 
trouble. 

 

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 
always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 
either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 
diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 
if study is relevant to science then use of quotes is not preferable.  
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 
to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical

 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

 

Key points to remember:  

Submit all work in its final form. 
Write your paper in the form, which is presented in the guidelines using the template. 
Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 
submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 
of prior workings. 

 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 
improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 
several ideas, which will be helpful for your research. 

Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 
descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be                    

29.
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Separating a table/chart or figure - impound each figure/table to a single page 
Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 
lines. It should include the name(s) and address (es) of all authors. 

 
 

 

 

 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 
and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

Insertion a title at the foot of a page with the subsequent text on the next page 
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 
more than one ruling each.  

Reason of the study - theory, overall issue, purpose 
Fundamental goal 
To the point depiction of the research 
Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 
Significant conclusions or questions that track from the research(es)

 
Approach: 

Single section, and succinct

 
As a outline of job done, it is always written in past tense

 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 
Center on shortening results - bound background information to a verdict or two, if completely necessary 
What you account in an conceptual must be regular with what you reported in the manuscript 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

Explain the value (significance) of the study  
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 
Very for a short time explain the tentative propose and how it skilled the declared objectives.

 Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a

 

least of four paragraphs. 

 

 

Abstract: 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 
at this point. 

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 

 

Materials: 

Explain materials individually only if the study is so complex that it saves liberty this way. 
Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  
Do not take in frequently found. 
If use of a definite type of tools. 
Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 
Describe the method entirely

 To be succinct, present methods under headings dedicated to specific dealings or groups of measures 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

Resources and methods are not a set of information. 
Skip all descriptive information and surroundings - save it for the argument. 
Leave out information that is immaterial to a third party. 

Results: 

 
 

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 

Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic 
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Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 
Despite of position, each figure must be numbered one after the other and complete with subtitle  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

When you refer to information, differentiate data generated by your own studies from available information 
Submit to work done by specific persons (including you) in past tense.  
Submit to generally acknowledged facts and main beliefs in present tense.  

Content 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 
Present a background, such as by describing the question that was addressed by creation an exacting study. 
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 
Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 

What to stay away from 
Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 
To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.  
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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Aegyptensis · 10, 30, 34, 35, 38, 40
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Colchicine · 38
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Cytogenetics · 10, 45
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Diphtheriae · 7

K

Karyological · 10, 37, 42, 43, 45, 46, 47
Kashmirensis · 10, 30, 31, 32, 33, 38, 40
Khotenovsky · 10, 45

L

Lymphadenitis · 7

P

Paramphistomatids · 11, 12
Pleomorphic · 8
Pneumonia · 8

R

Rhabdocoel · 12

S

Schizothorax · 10,
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