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1. Introduction

   Heartworm disease is of considerable economic importance 
affecting canine populations around the globe[1]. Canine 
dirofilariasis also called heartworm disease, is a major veterinary 
health problem in tropical, sub-tropical and temperate regions 
of the globe[2]. Heartworm disease is a non-contagious parasitic 
disease, caused by a filarial nematode Dirofilaria immitis (D. 
immitis) which is one of the most pathogenic nematode parasites 
of dogs. Dogs are considered the definitive host for D. immitis, 
however, it may infect more than 30 animal species (e.g., coyotes, 
foxes, wolves and other wild canids, domestic cats and wild felids, 
ferrets, etc.) and humans as well, it is a zoonosis transmitted by 

mosquitos bite (Aedes, Anopheles and Culex)[3-6]. Adult worms 
dwell in the right ventricle and pulmonary artery, but occasionally 
could be found in the epidural space[7], brain[8], anterior chamber 
of the eye[9], lungs[4] or systemic arterial system[10]. Even as 
immature adults, the worms mate and the females release their 
offspring (microfilariae) into the blood stream[11,12]. The relatively 
large size (25–35 cm in length) of the female, together with the 
number of worms infestation after a long incubation period, the 
adult nematodes migrate to the cardiac cavities and blood vessel 
lumen causing various cardiovascular problems such as pulmonary 
embolism, pulmonary infarctions, cavity formation, spontaneous 
pneumothorax, emboli migration, chronic circulatory disorder and 
finally result in congestive heart failure which will ultimately cause 
death. Apart from dogs, several vertebrate animals, cats and humans 
can be infected[13-15]. Heartworm infections are a significant health 
risk to dogs as even light infections are capable of producing 
profound pulmonary vascular and parenchymal disease[16]. D. 
immitis has also been associated with human dirofilariasis, as a 
result of accidental infection[6,17]. Cases of human pulmonary 
dirofilariasis have been increasingly reported worldwide[6,18,19]. 
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A case of human subcutaneous dirofilariasis has also been reported 
in Greece[20]. Extensive movement of dogs across countries and 
continents has contributed to the spreading of filariae to new areas 
with availability of vectors and favourable climatic conditions[21]. 
This work was designed to fill in the knowledge gap in Nsukka 
and South Eastern Nigeria where little or no work has been done 
in this regard and to detect microfilaria in the blood of dogs in the 
University of Nigeria, Nsukka and neighbouring communities, so as 
to determine the incidence, ascertain the best and reliable techniques 
for rapid detection of microfilaria in blood, comparing the buffy coat 
and wet mount techniques, age susceptibility in dogs presented at the 
Veterinary Teaching Hospital, University of Nigeria, Nsukka (VTH, 
UNN) and finally to compare the mean packed cell volume values of 
positive and negative cases of microfilaria.

2. Materials and methods

2.1. Study area

   This study was conducted in Nsukka, a town in Nsukka local 
government area of Enugu State, Nigeria. Nsukka is situated at latitude 
6°51'24'' N and longitude 7°23'45'' E. It has a total landmass of 45.38 km2 
and an elevation of 550 m above sea level.

2.2. Animals

   A total of 119 male and female dogs, both local, cross and exotic 
breeds were randomly selected. The dogs were presented for treatment 
and routine check-up at the VTH, UNN. They were clinically examined. 
The age range was from 6 months to three years. Considering the life 
cycle of D. immitis, dogs less than 6 months of age were excluded from 
this study. Dogs aged 6–12 months were grouped as young while dogs 
more than a year were grouped as adults.

2.3. Blood samples

   Animals were properly restrained and blood was aseptically 
collected via cephalic venepuncture of each dog. The blood samples 
were collected in a tube containing ethylene diamine tetraacetic acid 
as anticoagulant, stored in an ice pack box at 5 °C and processed 
within 24 h.

2.4. Detection of D. immitis infection

   Blood samples were taken from the dogs, centrifuged in a micro 
centrifuge tube, then a buffy coat smear was examined for microfilaria 
as described by Levine and Wardlaw[22]. A drop of blood was placed 
in the centre of a clean microscope slide using an applicator stick and 
a wet smear technique was done according to standard procedures as 
described by Byeon et al.[23].

2.5. Autopsy

   Autopsies were conducted on 2 of the confirmed and heavily 
infested dogs, after obtaining a dog-owner’s approval. Infections 
were definitively confirmed, and the morphology and the number of 
worms were determined.

2.6. Statistical analysis

   Differences in infection rates between dogs according to sex, 
breeds and age were analysed for statistical significance using the 

Chi-square tests and significance was accepted at P < 0.05.

3. Results

3.1. General characteristics of dogs

   Of the 119 privately owned dogs that were presented at the VTH, 
UNN, 62 were males and 57 were females. Four of the dogs were 
positive for the D. immitis microfilaria. This was shown in Figure 1.

Figure 1. Giemsa stained sample of D. immitis (40×).

3.2. Clinical signs

   Clinical signs observed were mainly those of exercise intolerance, 
coughing, pale mucous membrane, dyspnoea, anorexia and weight loss 
in all the dogs from which D. immitis infection was diagnosed.

3.3. Prevalence by age and sex of dogs

   The prevalence of microfilaria was 1.75% in females and 4.83% in 
males. Table 1 shows the number of positive cases with respect to sex 
distribution. There was no significant association (P > 0.05) between 
the sex differences and the incidence of D. immitis microfilaria in 
dogs presented at the VTH, UNN. The prevalence of microfilariae 
was 12.50% in adult dogs aged 1 year 6 months–4 years but 0.00% 
for young dogs. Table 1 shows the number of positive cases with 
respect to age distribution. There was no significant association (P 
> 0.05) between the age differences and the incidence of D. immitis 
microfilaria in dogs presented at the VTH, UNN.

Table 1
The sex, age and breed distribution of positive D. immitis microfilaria dogs 
presented at the VTH, UNN.

Items Number of 
examined

Microfilaria positive prevalence rate
 n (%)  

Sex Male                    62 3 (4.83)
Female   57 1 (1.75)  

  Total             119 4 (3.36)
Age Adults                    50   4 (12.50)

Young                     69  0 (0.00)a

Total                119 4 (3.36)
Breed Local                  55 2 (3.63)

Cross                  30 2 (6.66)    
Exotic               34  0 (0.00)a

Total                  119 4 (3.36)
a: No detection of adult worms or microfilariae.
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3.4. Prevalence according to breeds

   The prevalence of microfilaria was 3.63% in local dog breeds 
(mongrel dogs), 6.66% in cross breeds and 0.00% in exotic breeds 
respectively. Table 1 shows the number of positive cases with 
respect to breed distribution. There was no significant association 
(P > 0.05) between the breed differences and the incidence of D. 
immitis microfilaria in dogs presented at the VTH, UNN. 

3.5. Packed cell volume of the positive dogs

   The mean packed cell volume of the D. immitis microfilaria 
positive dogs expressed with standard deviation was (38.67 ± 1.76) 
while that of the negative cases was (39.14 ± 0.53). The decrease in 
packed cell volume in the positive cases compared to the negative 
cases were not significantly different (P > 0.05).

3.6. Autopsy results

   Post mortem examinations were conducted on 2 of the buffy 
coat and wet smear techniques positive dogs, and all of them were 
confirmed to be infected with the heartworms (Figure 2). A mean 
average of 2.6 male and 4.5 female adult worms were retrieved per 
dog.

Figure 2. D. immitis (heartworm) arrowed observed at post-mortem.

4. Discussion 

   It is interesting to note that this is the first time D. immitis has 
been diagnosed and reported in the Nsukka area, South Eastern 
Nigeria.
   The 4 positive cases recorded in this present out of 119 screened 
blood samples were all detected using both the wet mount and 
buffy coat techniques which could be easily done in the field 
where there are no ELISA, PCR or diagnostic imaging techniques 
especially in a developing country like Nigeria. The prevalence 
rate (3.36%) in this study was lower than the prevalence rates of 
5.33%, 8.75%, 18.48%, and 15.7% in the works done by previous 
researchers[23-26]. But it was higher than the prevalence reported by 
Ng et al.[1] and Byeon et al.[23]. This low prevalence recorded in 
this present study was attributed to the time limiting factor and the 
time of year, that was in the dry season when the bulk of the work 
was carried out. The low prevalence rate in this case controlled 
study may also be attributed to the methods used, since buffy coat 

and wet smear techniques may not be as sensitive as other methods 
of identification of D. immitis.
   The prevalence of microfilaria was 3.63% in local dog breeds, 
6.66% in cross breeds and 0.00% in exotic breeds respectively, 
this was attributed to the fact that the owners of the exotic breeds 
ensured the administration of heartworm chemoprophylaxis 
compared to the owners of the cross breeds and local breeds who 
knew little or nothing about heartworm chemoprophylactics. Due 
to the living conditions of the examined dogs, the rate of infection 
with adult worms and microfilaria in outdoor dogs was higher 
than that of indoor dogs. It is generally assumed that outdoor 
dogs are more frequently bitten by mosquitoes than indoor dogs, 
and this agreeing with previous work carried out by Byeon et 
al.[23]. There are some factors that contribute to a high rate of D. 
immitis infection, these include high annual temperatures, suitable 
mosquito reproduction environment, and frequent migration of 
mosquitoes from other areas[16,27]. Dogs are susceptible to various 
diseases, ailments, and poisons, some of which affect humans in 
the same way, others of which are unique to dogs. Dogs, like all 
mammals, are also susceptible to heat exhaustion when dealing 
with high levels of humidity and/or extreme temperatures[24]. The 
bulk of this work was carried out during the dry season, with only 
one of the 4 positive cases observed in the dry season, this agrees 
with the findings of Greeve et al.[28] who stated that dirofilariasis is 
usually associated with rainy season, largely due to preponderance 
of mosquitoes in the rainy season.
   Clinical signs observed were mainly those of exercise intolerance, 
coughing, pale mucous membrane, dyspnoea, anorexia and weight 
loss, this agrees with the findings of previous researchers[29-31]. 
   The findings of this study also suggested that there are no 
statistical significant (P < 0.05) association between the breeds 
examined, age and sex disposition with the prevalence of 
dirofilariasis in Nsukka area within the period this work was 
carried out. There was no significant difference (P < 0.05) between 
the mean packed cell volume of the positive and negative cases. 
This could have been due to few positive cases recorded as against 
the 115 negative cases analysed for packed cell volume.
   In terms of the efficacy of the techniques used in detecting 
microfilaria in blood samples, this is not consistent with the 
findings of Jackson[32] who stated that the concentration method 
was far more efficient in detecting microfilariae than the wet 
mount especially in mild infection. Direct wet smear technique 
has also been used by previous researchers in the diagnosis of 
microfilaria[23,24,31] and the buffy coat technique has also been 
used by other researchers[24,33]. Both methods used in this study 
appear to be comparatively effective in the detection of D. immitis 
infection in dogs.
   Apart from the rapid diagnostic techniques used in this work there 
are other techniques that could be used with great accuracy in the 
diagnosis of dirofilariasis include, the modified Knott’s filter test 
which has been used in succession by previous researchers[24,31,34]. 
ELISA testing based on detection of D. immitis uterine antigen 
is available from most clinical diagnostic laboratories, and is 
specific and sensitive except in single sex infections[5,25,29,30]. 
Echocardiography may allow visualisation of the adult worms and 
is the diagnostic method of choice in caval syndrome[29,30].
   In conclusion, based on the results of this present study, both the 
wet mount and buffy coat techniques can be used at the discretion 
of the clinician in the absence of modified Knott’s filter test, ELISA 
test and other diagnostic imaging techniques, in the detection of 
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microfilaria in blood samples from suspected cases of dirofilariasis. 
Further work in the detection of D. immitis is suggested using 
more sensitive techniques like ELISA, modified Knott’s test and 
alternative imaging techniques.
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