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Echocardiography of heartworm disease in Jindo dogs
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Abstract : Echocardiography, vital signs, microfilaremia, and blood chemistry of 12 Jindo dogs naturally
infected with canine heartworms (Dirofilaria immitis) were analysed and compared with those of 5 uninfected
control Jindo dogs. Nine of the twelve infected dogs contained microfiaria in the peripheral blood, whereas
the presence of adult heartworms in the pulmonary arteries and/or in the heart was detected from four dogs
by echocardiography. Among the four echocardiography-positive dogs, two dogs also displayed evidence
of heartworms in the right ventricle by echocardiography. Upon necropsy, a total of 547 adult worms was
collected from the 12 infected dogs (av = 45.6, range = 9-166). Dogs with positive echocardiograpic images
of heartworms contained 48, 74, 104 and 166 adult worms in the heart, pulmonary arteries and/or in the
caudal vena cava (av. 98.0), whereas 9 to 39 worms (av. 19.4) were collected from those organs of dogs
with negative echocardiography. Most heartworms were found in the right ventricle (438, 80%) at necropsy,
whereas relatively fewer worms were found in the pulmonary arteries (96, 17.6%), and in the caudal vena
cava (13, 2.4%). The necropsy findings on the location of adult worms significantly differed from the results
of echocardiographic analysis in which the right ventricle of most dogs did not show the presence
of heartworms. These results indicated that the adult heartworms had been located in the terminal
branches of the pulmonary arteries when the host was alive, but the worms moved toward the right ventricle
shortly after the heart of the infected dogs stopped beating. Microfilaremia in the peripheral blood was
the highest in the blood samples collected at 10 pm. However, the correlation between the number of
microfilaria and of adult worms was not observed. Clinical and vital signs of infected dogs did not show
any significant difference before and after a 30 minute-exercise at 5 km/hr compared to those of
uninfected control dogs.
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Table 1. Microfilarial counts of Dirofilaria immitis in the peripheral blood of Jindo dogs

9 am 3 pm 10 pm

No MeantSE
Dayl  Day2 Day3 Dayl Day2 Day3 Dayl Day2 Day3
1 0 0 0 0 0 0 0 0 0 0
2 265 465 365 465 350 535 800 665 1000 545.6+78.9
3 6235 2300 1035 4050 4865 4550 6265 3535 3700  4059.41566.8
4 0 0 0 0 0 0 0 0 0 0
5 4385 450 450 2600 3085 2865 3485 3165 7185  3074.4%675.3
6 5600 11500 7885 6185 7465 11085 14085 12135 17265  10356.0%129.7
7 650 235 785 2115 2065 1235 1235 2135 4835  1698.91454.0
8 265 50 250 165 165 215 715 1280 1130 470.61+152.3
9 2550 1565 2665 3800 4050 4685 3235 7485 11800 4648.311054.8
10 7650 19715 5915 24600 17135 26850 31765 50285 52665 26286.715520.4
11 285 185 300 435 250 485 715 700 NM 419.41£67.5

—_
~

0 0 0 0 0 0 0 0 0 0

Mean 2323.8 3038.8 1637.5 3701.3 32858 43754 5191.7 67821 9043.6
*SE +£827.3 £1780.3 £750.1 £1987.7 £1440.3 £22479 £2681.3 14091.3 £4671.8

Values represent the mean number of three consecutive counts of microfilaria per 1 m/ of blood, as measured by the modified
Kontt's test. SE: standard error. NM: not measured.

Table 2. Serum chemistry values of heartworm-infected Jindo dogs and of uninfected conteal dogs
No' Age  Sex AST(WL) ALT(wL) ALP(wL) BUN(mg/dl) CREA(mg/dl)

1 3y 2 28.98 56.22 181.1 13.46 0.907
2 2y 8 42.60 7630 325.6 1173 1.247
3 a8 25.66 41.03 153.7 14.89 0.955
4 3y % 66.69 3142 158.1 16.52 1166
Heartworm 5 3 % 35.09 57.44 1416 8.04 0.741
Infected Jindo 6 4y 2 4836 60.23 2197 16.48 0.959
dogs 7 a4y % 26.01 48.88 184.3 2007 1110
8 4y 9 3265 31.42 1949 20.54 1107
9 4y ? 52.55 38.06 151.9 1887 1033
0 3y ¢ 43.12 36.14 358.1 8.73 0.749
Mean+ SE 402+42  477+46 20691238 150115 09974053
T 37.88 20.60 2262 881 1.49
‘ 2 sy 8 25.49 2776 63.42 7.96 1.46
Uninfected 3 3y 3 21.12 25.66 98.82 12.13 1.44
Ji:;’;“g’;gs 4 4y % 26.42 26.74 110.43 9.42 143
5 4y % 30.55 2332 152.45 8.90 1.48
Meant SE 283128  248+13  1303£279 94407  1.5+001

AST: aspartate aminotransferase, ALT: alanine aminotransferase, ALP: alkaine phosphatase, BUN: blood urea nitrogen,
CREA: creatinine.®®Serum biochemical values of normal Jindo dog range: AST: 23.3=22.9 u/L, ALT: 19.8+14.2 wL, BUN:
12.91 8.3 mg/dl (Lee, Choi, Park, et al. 1992). Serum biochemical values of dogs: AST: 0-40 U/L, ALT: 4-66 U/L, ALP:
0-88 U/L, BUN: 5-28 mg/d], CREA: <1.5 mg/dl (Duncan’and Prassee, 1986) 'Data for 2 infected dogs were not included
due to an unexpected injury acquired from a fighting during the experiment and therefore were inadequate for comparison.

Ancylostoma caninums 80}2]ol X ZF o] &15of 7} AAMEEC AE 8 A= § HEdeR ARE
T AEEC] BT ¥ JAEIHES A& SkmE 3087 258 7171
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Table 3. Number of adult nematodes collected from the intestines of heartworm-infected Jindo dogs

Number of intestinal parasites

No - - Total
A. caninum T. canis T. vulpis D. caninum

1 11 0 188 0 199

2 600 11 0 2 613

3 0 0 0 350 350

4 4 43 1482 0 1529

5 95 0 238 1 334

6 33 0 0 0 33

7 17 0 3 0 20

8 83 8 25 0 116

9 37 0 0 0 37
Total 880 62 1936 353 3231

Meant SE 97.8+63.8 6.9t4.7 215 161.3 . 39.2138.8 3591 160.0

A. caninum: Ancylostoma caninum, T. canis: Toxocara canis, T. vulpis: Trichuris vulpis, D. caninum: Dipylidium caninum.
SE: standard error. Intestinal parasites from 3 infected dogs were not collected during the necropsy.

Table 4. Vital signs of heartworm-infected Jindo dogs and of uninfected control dogs

Before Exercise After Exercise
NO! BW! SEX
BT? HR? RR* BT HR RR
1 17 2 38.2 93 63 39.5 108 132
2 15 ? 39.3 140 51 40.3 141 132
3 17 ) 39.4 135 45 40.8 120 132
4 20 3 39 114 36 40.4 274 207
Hartworm 5 16 3 39 165 24 40.1 69 27
_infected 6 16 3 385 126 54 39.8 162 168
Jindo dogs 7 19 % 385 96 27 402 156 169
8 18 3 38.6 90 39 40.6 156 186
9 13 $ 39.2 123 45 40.3 168 186
10 13 2 379 117 39 38.8 150 94
Mean+SE 16.4%0.7 388+02 1199+74 423%38 40.1£0.2 1504+1691433+16.8
1 16 % 38 126 4?2 41 141 198
) 2 17 ) 39.4 141 36 40.1 144 153
Uninfected 3 15 s 39.8 165 144 415 132 180
J;gg‘;‘(’)‘gs 4 17 2 379 9% 36 406 156 189
5 16 2 38.6 102 54 42 126 183
Mean=+SE 16.240.37 38.7+0.4 1264127 6244207 41.04+0.3 139.8+52 180.6+7.6

'BW: Body weight(kg), *BT: Body temperature (°C), *HR: Heart rates (beats/min), “RR: Respiratory rates (breaths/min) SE:
standard error. 'Data for 2 infected dogs were not included due to an unexpected injury acquired from a fighting during the
experiment and therefore were inadequate for comparison.
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Table 5. Necropsy results, ultrasonographic findings, and microfilarial counts in the peripheral blood of heartworm-

infected Jindo dogs

Location of adult worms of necropsy

Right ventricle Pulmonary artery Vena cava Ultrasonographic
No MF if: ) s Total location of adult worms
blood! F M T F M T F M T when alive
1 - 5 5 10 3 1 4 0 0 0 14
2 + 10 11 21 3 3 6 0 0 0 27
3 ++ 9 10 19 10 9 19 5 5 10 48 PA®
4 - 8 1 9 0 0 0 0 0 0 9
5 ++ 6 1 7 5 2 7 0 0 0 14
6 ++++ 97 46 143 8 15 23 0 0 0 166 PA, RV®
7 ++ 20 7 27 1 2 3 0 0 0 30
8 + 9 1 10 0 0 0 0 0 0 10
9 4+ 4 23 67 22 12 34 1 2 3 104 PA, RV
10 +++ 27 47 74 0 0 0 0 0 0 74 PA
11 + 18 21 39 0 0 0 0 0 0 39
12 - 7 5 12 0 0 0 0 0 0 12
Total 260 178 438 52 44 96 6 7 13 547
Mean 217 148 365 43 37 8.0 0.5 0.6 1.0 45.6

+SKE’ +76 +48 117 =19 =15

+32

*04 +04 =08 =138

!Number of microfilaria per 1 m/ of blood, as measured by modified Knott's test. Refer to Table 1 for detailed results (+:
under 1,000/ml ++: 1,000~5,000/m/ +++: 5,000~10,000/m!/ ++++: over 10,000/m{) “Number of female adult worms. *Number
of male adult worms. “Total number of adult worms. Pulmonary arteries. °Right ventricle. "standard error.
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Fig 1. Echocardiographic images and the necropsy finding of a Jindo dog heavily infected with heartworms. 1A&B; B
mode images of the pulmonary artery and the right ventricle. The presence of numerous heartworms was imaged as echogenic
lines (arrow) in the pulmonary artery (1A) and in the right ventricle (I1B). 1C; A total of 166 adult worms was collected
from the heart and the pulmonary arteries upon necropsy from the same dog.

Fig 2. Echocardiographic images and necropsy finding of a Jindo dog moderately infected with heartworms. 2A&B; B
mode images of the pulmonary artery and the right ventricle. Notice multiple linear hyperechoic lines representing heartworms
(arrow) in the right pulmonary artery (2A), whereas the presence of adult worms was not recognized in the right ventricle
(2B). 2C; A total of 74 adult worms was found mainly from the right ventricle upon necropsy of the same dog.
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Fig 3. Echocardiographic images and necropsy finding of a Jindo dog with light heartworm infection. The presence of
heartworms was not detected in the pulmonary artery (3A) or in the right ventricle (3B) by echocardiography. However,
a total of 14 adult worms was collected at necropsy from the same dog (3C).
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