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APPENDIX B 

Haematoxylin - Eosin Staining technique 

Solutions 

1. 	 Haematoxylin (Lillie-Mayer) 

Distilled water 

Haematoxylin (Merck) 

Ammonium Alum 

Glycerol 

Acetic Acid (Glacial) 

Sodium Iodate (NaI03) 

10 liters 

7000 ml 

50 gm 

500 gm 

3000 ml 

200 ml 

5gm 

Heat the water to approximately 40° C, then add and dissolve each ingredient in the 
sequence as given above. The stain will be ready for use in 18-24 hrs. 

2. 	 Acid-Alcohol 


10ml HCI (concentrated) in 1000 m170% alcohol 


3. 	 Eosin 


Distilled water 


96% alcohol 


Eosin (Merck) 


When dissolved, add Glacial Acetic Acid 

Method 

Formalin fixed - paraffin sections - 4 micron 

1. 	 Deparaffinate & hydrate 

2. 	 Stain in Haematoxylin (Solution 1) 

3. 	 Rinse in tap water 

4. 	 Differentiate in solution 2. 

5. 	 Blue in running tap water 

6. 	 70% alcohol 

7. 	 Eosin (solution 3) 

8. 	 96% alcohol 

9. 	 Absolute alcohol 

1400 ml 

3600 ml 

25 gm 

25 ml 

8-10 mins. 

10-15 secs. 

10 mins. 

rinse 

2.25-2.5 mins. 

1.5 mins. 

3 mins. 

 
 
 



10. 	Xylol 

11. 	Mount in Pernount 

Results 

Nuclei - blue 

Cytoplasm - pink 

Giemsa for sections 

Solutions 

1. 	 Giemsa stain 

80 ml H20 + 10 ml acetone. Add this to 10 ml Giemsa solution. 

2. 	 Differentiating solution 

1-2 ml of a saturated solution of Collophonium resin in acetone per 100 ml 
96% alcohol. 

Method 

1. 	 Deparaffinize and hydrate 

2. 	 Stain in solution 1 for 3-4 hours at 3rC 

3. 	 Without decanting, wah off stain with running tap water. Leave sections here. 
From this point onwards, sections are handled singly. 

4. 	 Rinse in H20. 

5. 	 Rinse in 96% alcohol for 1 minute. 

6. 	 Differentiation: Set up 3 coplin jars with solution 2. Transfer sections from step 5 
to the first of these where most of the stain is washed out. Transfer to second jar 
for further differentiation and then to the third jar. In this way, final differentiation 
is done in a clear solution. Differentiate until section background is a light pink. 

7. 	 100% alcohol for 1-2 mins. 

8. 	 Xylol and mount with Permount. 

Results 

Nuclei - blue 

Cytoplasm - pink 

 
 
 



APPENDIX C 

Abbreviations 

10 no: identification number 

Macro: gross pathology class~ication. 

5/a : subacute 
GIT: gastro-intestinal form. 
Haemoconc. Haemoconcenlration form . 
s/clinical: subclinical 
MOF: multiple organ failure 

Hislo: histopathology classification. 

n/e: not cerebral 
C: cerebral 

Clinical signs: 

ARDS: acute respiratory distress syndrome 
ARF: acute renal failure 
IMHA: immune-mediated haemolytic anaemia 
SIRS: systemic inflammatory response syndrome 
MOOS: multiple organ dysfunction syndrome 
HBC: hit by car 

Neura signs: clinical neurological signs. 

FULL GROSS PATHOLOGY RESULTS TABLE 

Rx. anlibabesiat therapy 

U: untreated 
T: Trypan Blue 
8 : diminazene aceturate 
F: imidocarb 

HL haematocrit 

Par' parasilaemia 

Y - present 
N - absent 

EID: E: euthanasia 
0 : died 

ISA: in·saline agglutination 
P: posit ive 
N: negative 

Tfn: blood transfusion 
Y: yes 
N: no 

Breed 
Staffie: Staffordshire bull terrier 

Dab/Pin: doberman pinscher 
MinPin: miniature pinscher 
Boston Ter: 80S ton terrier 
GSO: German shepherd dog 

Age: 
W: weeks 
M: months 
Y: years 

A· adult 


Sex: 
F: female 
M: male 

Included: 
M: gross palhology study 
H: histopathology study 
S: sequestration study 

Final classification: 
N/C: not cerebral 
C: cerebral 
camp: other complications of babesiosIs concurrently 
present 

ID His 
no PM No Macro S No to 

1 598.96 s/a 1692.96 0 

2 6 19.96 pallor,sia 742.96 nic 

3 646.96 s/a 1800.96 0 

4 736.96 s/a 1994.96 0 

5 754 .96 s/a 0 0 

6 838.96 GIT 2242 .96 0 

7 886.96 haemo-c. 2477.96 0 

8 9 15.96 s/clinical 2568.96 0 

9 947.96 oedema 2641 .96 0 

10 985.96 pulmonary 2788.96 0 

11 996.96 pallor 2849.96 0 

12 1038.96 pulmonary 2953.96 nic 

13 1069.96 pulmonary 3016 .96 0 

14 114496 s/a pulmonary 3224.96 0 

15 11 46.96 MOF 3226.96 nic 

16 1165.96 s/a 3285.96 n/c 

s/a pulmonary 
17 1221.96 oedema 3282.96 0 

F No 

P 

P 

58962 

0 

0 

5946 

59575 

58947 

0 

51372 

58640 

0 

60106 

0 

P 

49962 

P 

R 
History Neuro sig.ns x Ht 

found dead unknown U 0 

0 0 U 0 

s/a 0 T 16 

s/a 0 0 0 

s/a 0 U 28 

GIT 0 T 12 

haemo-c 0 T 60 

HBC No U 0 

sla 0 U 0 

s/a ARDS 0 U 0 

s/a 0 U 11 

AROS No B 52 

AROS No T 16 

s/a No T 18 

s/a and IMHA No T 28 

IMHA No B 27 

found d.ead unknown U 0 

P E 
a I 
r SI D 

Y 0 0 

Y 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

Y 0 0 

Y 0 E 

0 0 0 

Y 0 E 

Y 0 0 

Y 0 0 

Y 0 0 

Y 0 D 

Y 0 0 

Y 0 0 

I 
S Tf 
A n 

0 0 

0 0 

0 0 

0 0 

0 0 

0 Y 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

N Y 

0 0 

P 0 

p 0 

0 0 

Breed 

Siaffie 

Oob/Pin 

Staffie 

Siaffie 

Maltese 

Maltese 

MinPin 

Maltese 

Fox Terrier 

Pekingese 

Fox Terrier 

Boston Ter 

Chihuahua 

Chihuahua 

GSD 

Roltweiler 

Staffie 

S Final 
Ag e Includ classi fi 
e x Owner ed cation 

0 F QW,thfield M N/C 

1Y F van derWahl M,H N/C 

4Y F P S Roos M N/C 

A F de Jager M N/C 

3Y M 0 M N/C 

N/C 
7M M WA Richards M comp 

N/C 
1Y F T J van Wyk M comp 

5Y M W J Bergh M NIC 

N/C 
1Y F Vermaak M comp 

NIC 
A M M J Eybers M comp 

3Y M M L van Biljon M N/C 

N/C 
2Y M Papenfus M comp 

N/C 
0 M J H Liebenberg M comp 

N/C 
7Y M Wallace M comp. 

N/C 
0 F Oe Gough M.H comp 

5Y M H Breedt M N/C 

N/C 
3Y F M BeSler M comp 

-

 
 
 



P E I S Final 
ID His R a f S Tf Ag e Includ classifi 
no PM No Macro S No to F No History Neuro signs x Ht r SI D A n Breed e x Owner ed cation 

subacute; M Janse van NfC 
18 123996 pulmonary 3407.96 0 60584 myocardial No T 15 N 0 D 0 Y Dachshund 4Y M Rensburg M camp 

60667 
19 1260.96 s/a 3482.96 0 OfP sla No U 0 Y 0 E a a Toy Pom 17Y F J P Fourie M N/C 

20 87.97 sla 184.97 nfc 61115 subacute No B 34 Y a 0 a Y Boer bull 3W M Slollz MH N/C 

Cocker NfC 
21 154.97 sfa a a OfP collapse, ARDS No U 0 Y 0 D a 0 Spaniel 9M M E Bronkhorst M comp 

haemo-G.. NfC 
22 182.97 acute; pulmonary 511.97 a 53607 collapse N T 55 Y 0 a a a Dachshund lY F D van Staden M camp 

G WHeck NfC 
23 283.97 pulmonary 1959.97 nfc a ARDS No U 5 Y 0 E 0 0 Fox Terrier lY F M,H camp 

SIRS;MODS;DI N/C 
24 405.97 MOF 1215.97 nlc 62025 C No B 11 Y 0 a N Y Boerbull lY F P du Toil M,H comp 

NfC 
25 536.97 pulmonary 1618.97 nfc 59565 ARDS No F 8 Y 0 0 0 0 Rottweiler A M H Crafford M,H comp 

NfC 
26 541 .97 subacute 1635.97 n/c 48688 IMHA No B 9 Y 0 0 P a Bull Terrier 8Y M G Collyer M.H comp 

N/C 
27 847 .97 pulmon"'}' 2427.97 a 63217 MODS No a a Y a E a a Boxer lY F Jacobs M comp 

28 890.97 sla 2517.97 0 P sfa No F 0 Y a D 0 0 GSD 6W M DelDort M NfC 

29 913.97 sfa 2573.97 a 63457 sfa No U 13 Y a a N 0 GSD 4M M J J Venier M NfC 

NfC 
30 1086.97 pulmonary 3052 .97 0 40334 ARDS No B 10 Y 0 a a Y Staffie 5Y M RMJ Britz M comp 

NfC 
31 687.97 haerne-c. 2535.97 nlc 62765 haerne-c. No 0 0 Y 0 a 0 a Rottweiler 3Y M J A Jordaan M,H camp 

P1307 
85 
Medun 0.8 NfC 

32 538.98 sfa 1391 .98 0 sa ARDS No T 10 Y 3 0 a a Crossbred a F Lebeloane M,S comp 

0.9 
33 OPT II subacute 672.98 nlc 0 sfa Unknown U 9 Y 6 0 0 0 0 0 0 a M,H,S NlC 

0.7 N/C 
34 OPT iii cardiac 1344.98 0 P sfa No U a Y 6 a a a Chow chow 3M M a M,S comp 

sfa; cerebellar Maltese x 10 
35 668.96 prolapse 0 a 59016 No T Y 0 Collie W M Beyleveldt 0 cerebral 

cerebral 
36 842 .96 muscle a a a yes U 12 Y a a a 0 Boer bull 8M F 0 M comp o 

cerebral 
37 857.96 cerebral 201.98 C a haerne-c. yes T 46 Y 0 D a 0 Labrador 4M M J H Murray M,H compo 

WS 
38 1074 .96 mild congestion 3024 .96 C 60120 ARDS No U 0 Y 0 E 0 0 Staffie 6Y F Humphries M cerebral 

Labrador, 
39 11 30.96 Cerebral 3157.96 C OfP haerne-c. none noted T 61 Y 0 0 0 0 crossbred 5Y M H J Sleyn M,H cerebral 

Cerebral oedema 
and pallor I 
Subacute, Yes, not cerebral 

40 1148.96 pulmonary 3228.98 C 60336 weakness specified U 6 Y 0 D N 0 Labrador 2M F M,H compo 

s/a; cerebral 
41 1163.96 oedema and pallor 3264 .96 0 P 0 0 U 0 Y 0 D 0 0 Rottweiler A M Fitzpatrick I M cerebral 

 
 
 



10 
no PM No Macro S No 

His 
to F No History Neuro signs 

R 
x Ht 

P 
a 
r SI 

E 
I 
0 

I 
S 
A 

Tf 
n Breed 

Ag 
e 

S 
e 
x Owner 

Includ 
ed 

Final 
classifi 
catio n 

42 7.97 
cerebral and 
muscle 4.97 C 80629 collapse No T 0 Y 0 0 0 0 GSO 2M F J Heyns M,H 

cerebral 
compo 

43 178.97 
cerebral and 
haemo-c.entrated 460.97 0 61385 MODS Yes: seizures B 40 Y 0 0 0 0 Chow chow 2Y F L Barkhuizen M 

cerbral 
compo 

44 

45 

205.97 

231 .97 

pulmonary 

GIT 

551 .97 

598.97 

0 

C 

DIP 

61514 

acute cerebral 

GIT 

Yes: seizures 

semi-coma 

U 

T 

0 

24 

Y 

Y 

0 

skin 

E 

0 

0 

N 

0 

Y 

Fox terrier 

Husky 

1Y 

6M 

M 

F 

Vermaak 

van Bosch 

M,H 

M,H 

cerebral I 
compo .­
cerebral 
compo 

46 237.97 
cere bral and 
pulmonary 975.97 C 37680 depression 

Yes : 
depression 

and 
disorientation F 28 Y 0 D 0 0 

Cocker 
Spaniel 3M M Swane2.oel M,H 

cerebral 
cemp 

r--£--. 
48 

268.97 

subacute with 
cerebral pallor and 
generalised 
oedema 1391.97 C DIP 

subacute 
cerebral 

Yes: 
opisthotonus 
and extensor 

rigidity_ U 8 Y 0 0 0 0 GSO 4M M B du Preez M,H 
cerebral 
compo 

284.97 acute 1960.97 C 57775 cerebral Yes : coma B 31 Y 0 E 0 0 Chihuahua 3Y F F Els M,H cerebral 

49 314.97 
cerebral and 

.J>Ulmonary_ 923.97 C 61737 

MODS : 
cerebral and 
pulmonary Yes: coma U 0 Y 0 D 0 0 Crossbred 1Y M N Roelolse M,H 

cerebral 
compo 

50 338.97 

cerebral and spinal 
compression 
fracture 965.97 C 61662 

Haemo-c.. 
Spinal fracture 
and history of 
babesiosis that 
was treated. 
Berenil given 

Yes: 
Opisthotonus, 

vertical 
nystagmus 

and 
generalised 

seizures B 51 N 0 D 0 0 Borzoi 7Y M B C Stoop 

M,H 
cerebral 
.comp. 

51 466.97 
Cerebral and 
pulmonary 1430.97 nlc 60988 IMHA No F 16 Y 0 0 P Y Bull Terrier 9M M H L Terblanche M,H 

cerebral 
compo 

52 682.97 

Congestive brain 
swelling and 
thalamic petechiae. 
Haemo-c.. 0 0 58197 

ARDS ,ARF , 
anuria, IMHA No B 50 Y 0 D P N Bulldog 2Y M MC Jacobs M cerebral 

53 918.97 
cerebral and 
pulmonary 2575.97 C DIP subacute bab Yes: coma B 10 Y 

0.9 
9 0 0 0 Border collie 5W F Pearson M,H,S 

cerebral 
compo 

54 98397 
cerebral and 
myocardial 2709.97 nlc 658 babesiosis 

Yes: head 
pressing B 37 Y 0 E 0 0 Bull Terrier 3Y M 

I G van 
Aswegen 

M,H cerebral 
comp o 

55 1046.97 
cerebral and 
haerno-c. 2868.97 C 63844 

peracute with 
haerno-c. 

No: none 
recorded B 55 Y 

0.6 
9 0 0 0 Chow chow A M P Moltasi M,H,S 

cerebral 
camp. 

56 1085.97 
cerebral and 
haemo-c. 3051.97 C 57182 

MODS with 
haemo-c 

No: none 
recorded B 44 Y 

0.9 
3 E 0 0 Bull Terrier 8Y F L Kruger M,H,S 

cerebral 
compo 

57 1.98 
cerebral and 
haerno-c. 4.98 C 50986 acute None noted U 60 Y 0 0 N N 

Cocker 
spaniel 10Y M T J Potgieter M,H 

cerebral 
camp 

58 
13.98 

cerebral 
Disseminated 
petechia'lion 24.98 C 58590 

acute 
babesiosis ­
suspected 
cerebral 
babesiosis 
terminally. 

Suspected 
cerebral 

babesiosis 
terminally, but 

no 
neurological 

signs 
specified. 

B 35 Y 
0.8 

7 E 0 0 Boxer 6M M JS Prinsloo M,H,S cerebral 

59 50.9B... cerebral 
-­

_15098 _C 58513 
acute. cerebral 
signs, AROS 

opisthotonus 
progressing 10 

- coma 
B 45 Y 0.9 

3 
D 

-­

N 0 Boxer 

-

9M 

-

F F de Kock 

- -

M,H,S 

- - -

cerebral 
camp 

-

 
 
 



P E I S Final 
Id His R a I S Tf Ag e Includ classifi 
no PM No Macro S No to F No History Neuro signs x Ht r SI D A n Breed e x Owner ed cation 

G IT with cerebral 0.9 cerebral 
60 70.98 pallor 152.98 nlc 746 MODS coma B 25 Y 9 0 0 0 Bull terrier 4Y F CR Fourie M,H,S comp, 

opisthotonus, cerebral 
GIT with cerebral ARDS and COllapse and comp, 

61 105.98 oedema 307.98 nle 54445 cerebral signs trembling B 21 Y ~ D N Y Boerbull 4Y F MM Botha M,H,S 

0,9 F 
62 106.98 sla 30598 C P found dead Unknown U 0 Y 6 D 0 0 Rottweiler 6M G Strauss M,H,S cerebral 

cerebral with haemo-c. and 0.9 cerebral 
63 113.98 haemo-c. 331 .98 C 64395 ARDS not noted B 60 Y 7 E 0 N BUlidoa 3Y M M Weber M,H,S comp, 

subacute cerbral 
64 OPT. I cerebral 274.98 C 0 babesiosis unknown 0 0 Y 0 0 0 0 0 0 0 0 M,H,S subac. 

cerebral and 0 J van cerebral 
65 119.98 myocardial 348.98 C 49397 cerebral seizures B 0 Y -1 5 D 0 PUQ 1Y M Rensburg M,H,S compo 

cerebral and MOOS: haemo­ apparent 0,8 cerebral 
66 148,98 muscle 426.98 C 64495 c. and ARF blindness B 58 Y 3 D 0 N Chow chow 2Y F Adlam M,H,S comp, 

cerebral and Stalfie cerebral 
67 186,98 pulmonary 815,98 C P none unknown U 0 Y 0 D 0 N crossbred 0 0 van Rooyen M,H comp, 

cerebral and no 
muscle: acute neurological 0.1 WA compo 

68 311.98 babesiosis 875.98 C OIP haemo-c. signs noted U 0 Y 5 0 0 0 Pug 1Y F Engelbrecht M,H,S cerebral 

acute cerebral and MOOS: renal compo 
69 325.98 muscle 925.98 C 0 and GIT None noted T 0 Y 0 0 0 0 crossbred 8M F Boucher M,H cerebral 

ataxia, 
haemo-c. with blindness and camp. 

70 384 ,98 cerebral lesions 1094.98 C 0 peracute head pressing B 37 N 0 D 0 0 Staffie 4Y M Kitching M,H cerebral 

acute cerebral 
babe siosis with 
cerebral oedema acute 
and cerebral flush; 10265 cerebral cerebral 

71 397.98 haemo-c. form 11 12.98 C 0 babesiosis seizures B 58 Y 1 0 0 N Bull Mastiff 1Y F DC Soooner M.H,S 

pre 
-cer cerebral 
ebr 0.4 11 M,H, comp, 

72 450,98 pulmonary 1207.98 al OIP acute No B 0 Y 5 0 0 0 Maltese M F van Staden S 

suspected 
poisoning: in 
retrospect this cerebral 

cerebral and was peracute 0.8 compo 
73 452.98 haemo-c 1214.98 0 0 babesiosis seizures U 0 Y 4 D 0 0 Boerbull A F I H Willemse M,S 

cerebral and cerebral 
pulmonary; severe comp. 
cerebral oedema 
pressure on the 10328 Bite wounds on collapse and Y M,H, 

74 473,98 cerebel lum 1268.98 C 1 head coma B 27 0 0 0 0 Ridgeback 4M M JA Rademeyer S 

oedema form will:1 
pulmonary lesions. 
No macroscopically cerebral 
visible cerebral 10330 cerebral and seizures and camp. 

75 475.98 lesions 1270.98 nlc 6 AROS blindness B 11 Y 0 0 N Y crossbred 2M M A Brits M,H 

Congestive brain 
swelling. Cerebral 0.8 l:-1 cerebral 

76 564 .98 and GIT. 1480.98 0 P found dead unkno~ 0 Y ~ D ~ Stalfie 5Y F S Sheppard _ S comp_ 

 
 
 



APPENDIX C REGIONAL LESIONS TABLE 

Key to Abbreviations: 

Lesion Type E ecchymosis(es) rc rostral cerebellar artery 

G global lesion GC lesions in gyral crests cc caudal cerebellar artery 

R regional lesion H haemorrhage v vertebral artery 

Lesion Symmetry LCN laminar cortical necrosis 

A asymmetrical lesion M malacia 

B bilateral lesion Pet petechiae 

S symmetrical lesions SF lesions in sulcal floors 

U unilateral lesion U unilateral 

Treatment Lobe 

D diminazene aceturate F frontal lobe 

imidocarb 0 occipital lobe 

T trypan blue P parietal lobe 

U untreated T temporal lobe 

0 treatment status unknown Olfactory tract 

Macro group Ped olfactory peduncle 

CBS congestive brain swelling Tub olfactory tubercle 

E ecchymosis(es) Border Zone 

H haemorrhage rim rostral-middle cerebral arteries 

Hy hydrocephalus ric rostral-caudal cerebral arteries 

M malacia mlc middle-caudal cerebral arteries 

0 oedema Artery 

Pet petechiae C caudal cerebral artery 

Cerebral cortex (Site of lesions) M middle cerebral artery 

B bilateral R rostral cerebral artery 
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ventricular M cauda 
(Occipital 
lobe) no H 

Pallor 
3 1148.96 G U 
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B 
M Caudal
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H rim 

7.97 R B&S T Pet P 
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APPENDIX C Histopathology Results Table 

Key: 
a-O : autolysis min im al. ICC: ischaemic ce ll change. sc: sp inal cord. 

A2: Alzheimer Type 2 astrocytes. imp: immunoperoxidase sta ining uvf: une ven vascular fil ling. 

CBS congestive brain swelling. ivFt: intravenous fibrin thrombi. S-a: severe autolysis . 

ens : end othelial nuclear swe llin g. m-a: mild autolysis. SNC: severe neuronal change. 

evF: extravascu lar fibr in. M-a: moderate auto lysis. svn : segmenta l vascular necrosis . 

fc : foamy pericytes. M+A: margination and adhesion . VR-space : Virchow-Robbins space. 

H haemorr hage . Mlk : monocytic leukostas is. 

HE: ecchymos is NN: neuronal necrosis . 

HM: microvascu I ar haemorrhage. Og: oedema of grey matter. 

HP : petec hi ae Os: oedema of white matter. 

HR : perivascular haemorrhage. pRBC: parasi tised erythrocytes. 

HC: homogenis ing change RCC: red ce ll changes 

1 48.96 Muilifocal ens. RCC. Monocytes, plasma cells, lymphocytes. HM . ivFt. uvf. E. canis ++ nlc 
Ex 

2 248.96 RCC Os. Mlk. M+A. M-a. 
E. Canis 

++ nlc 
Ex 

3 808.96 RCC. Mlk. Lymphocyts +. M+A. uvl. + nlc (hislo) 

4 1438.96 ens_ Microvascular congestion. uvl. Mlk. RCC . Sludge in microvessels . Og. HM. HP. Neutrophil invasion. 
Focal ischaemia. M-a. 

C 

5 1679.96 Severe congestion. uvf. ens . Mlk Few plasma cells. Lymphocytosis.fc. Os. RCC. ivFt. HM. M-a. 
E, canis. 

nlc 
Ex 

6 1682.96 Ens and necrosis svn and vasculitis: cortex and subcortex, caudal colliculu5, thalamus, brain slem. evF. 
HR. HP. HE Mlk. Severe neutrophilia and neutrophil infillration. Astrocytosis. Microgliosis. NN. tCC . HC 
Og. ivFt. 

C 

7 1767 .96 Died on day of treatment. Moderate acute purulent myelitis and septicaemic microabscessalion. 
Septicaemia . 

nlc 
Ex 

8 1742.96 Ens.Mlk . M+A. RCC. Ic Purkin;e cells HC. m-a. ivFt. ++ nlc 

9 1778.96 Mlk. Neutrophilia. ReC . Multi-focal grey matter oedem a and mild microglial reaction, perivascular. IvFI. m­
a. Phagocytosis of parasites by neutrophi ls. Parvo. 

+ nlc 
Ex 

10 1780.96 ens. fc. uvf. Mlk . Siudging in microvasculature. High protein serum IV. M-a. nlc 

11 1785.96 uvf. Mlk . ivFI. m-a. Parvo. nlc 
Ex 

12 2104.96 ens. M lk. uvf. Margination of unparasitised erythrocyles. Microvacuo lation. Rare neutrophil in circulation. 
Monocytic and neutrophilic cuff. HR. Ischaem ia. Very fresh. 

nlc 

13 2612.96 Multilocat HM - artifact. M-a. 
as Suspected diamidine toxic ity. 

nlc 
Ex 

14 2788 .96 Mlk. M+A. Mild RCC. M-a. HM of sc, ++ nlc 

15 2849.96 Ens. Mild RCC. Rare monocytes and lymphocytes ++ nlc 

 
 
 



16 2953.96 Ens . M+ but no adhesion. RC C. Mtk. fc. + nlc 

17 2965.96 Multifocat HE + ma tacia: tCC . H C 

18 3024. 96 Ens. Svn. M+A. ReC. Severe congestion . HP.tCC A2. E. cani s + C 
Ex 

19 3066.96 en s. HM . HP. Se vere congestion. Mtk. fe. Focal infarction. tCC + H. HP: sulcal depth s and gyrat crests. uvl : 
some arlerioles empty. Hypoxia. CBS. E. canis. 

C 
Ex 

20 3067.96 Lymphoplasmacylic meningitis. E. canis. nlc 
Ex. 

21 3157.96 Foca t ens. fc RCC. M+A. Mlk. Os. svn. Og. HE deep sulcal cortex. Neutrophil infii trati on. ICC. HC 
Astrogllosis. ev F. Cerebellum: vasculitis. HE, HC Purki nje cells. ivFI. a-O . sc: HP & HC. 

+ C 

22 3168.96 Multifocal HE + ICC . Prote in rich oedema. 
Neutrophil cuffs. Few lymphocytes. 

+ C 

23 3226.96 Endothelial nuclear swelling (ens). Margin ation and adherence (M +A) . Red ce ll changes + (RC C). Foamy 
cell s (fc). uvl. Mlk. Neutrophilia. SNC. Moderat e autolysis. M-a 

+++ nlc 

24 3228.96 Mult itocal ens + svn. SNC + ICC + He . CerebeJi ar + periventricul ar HP. Os. uvl. sc: HP. m-a. '++++ 
+ 

C 

25 3285.96 Multifocal ens. RCC. uvl. Mitd Os. Monocytosis and neutrophilia - mild. Ic. ivFI. m-a. + nlc 

26 3427.96 E. canis 0 nlc (histo) 
Ex 

27 3542.96 Organisms in depth s 01 sutci. HP - multlfocat to co atescing. Monocytic leukostasis (Mlk) E.canis C 
Ex 

28 4.97 Mlk. RCC. HR. HE . HP. Adva nced les ions. svn. A2. tCC atso with incrustations. HC. Large granular 
tym phocy tes . Og. Free organisms. Cerebe llar sulca l dep ths. ivFt. HM subcor tex. 

++++ C 

29 184.97 Severe congestion. Mlk. RCC. HM . HR. ivFI. S-a. +++ nlc 

30 424.97 Granulomatous meningo~~ncephaliti s. B. canis - associated? nlc 
Ex 

31 559.97 E. canis nlc Ex 

32 598. 97 Mlk. uvf. svn. HM wi th extravasation of pRBC. Early tesions. HM sc. ivFI. putrefaction. S-a . Hypophyseal 
adenitis and necrosis (Irue cerebra l lesion). 

+ pre -cerebral 

33 702.97 Mlk . HE . ICC. Perivascular neutrophilic cuffi ng and neutrophil in filtration. S-a. 
E. can is 

C 
Ex 

34 92397 ens. svn . M arg ination. RCC Mlk. Microvascular con gestion. HM . HR. HP . Og. ICC bul no neulrophils, 
monocytes or gliosis. M·a 

+ C 

35 946.97 Mlk. Ic. Marginalion. svn. Og. HR Subcortex necrosis of neuropil. HM hippocampus. M·a . 
E. cani s 

+ pre·cerebra l 
Ex 

36 965.97 Severe congestion of microvascu lature. fc Os. Mlk. HP whil e matter. sc: HE. 
Spinal injury 

nlc 
Ex 

37 974.97 Mlk. RCC M+A. Lym phocytes. Neutrophils. HM . Multiple para sites in erythrocyles. Severe congestion. +++ + 
+ 

nlc (hislo) 

38 975.97 RCC. M+A. HE . HR. HP deep sulcal. Perivascular neutrophilic cuffing . Rare monocytes. SNC . Advanced 
lesion caudate nucleus. sc: HM. 

+ C 

39 1215.97 Mlk. Moderate congestion. RCC . sc perivascular Iymphoplasmacytic cuffing & HM. ++ nlc 

40 1216.97 E. canis Ex 

41 1391.97 Ens. Mlk. RCC. Margination. uvf. Os. Og. Neutrophilia. Svn. HM . Early cerebral lesions. M·a. ++ C 

42 1430. 97 Mult ilocal en s. Mlk. Lym phocytosis. ivFI. HM. RCC. M+A. Os. sc: HM . ++++ 
+ 

nlc 

43 1484.97 Focal ens. HM. Lymphoplasmacytic perivascular cuffing. Mild Iymphoplamacytic men ingitis . E. canis + nlc 
Ex 

44 1503 97 Multifocal ens. svn. RCC . Mlk. Lymphocytosis. Plasm a celiS. uvl. HM . ivFt. m-a. Margina lion of neutrophils . 
E. canis 

++ nlc 
Ex 

45 1553.98 Focal ens. RCC. uvf. ICC (hypoxia). M-a 
Intussu sception Rec overed (rom B. canis 

nlc 
Ex 

 
 
 



46 1618.97 Multifocal ens. RCC. M+A. Deep sulcal and meningeal margination. Multiple organisms in individual cells ++++ n/c 

HM . Free organisms. 

47 1635.97 uvl. HP. HM . ivFt. + n/c 

48 1636.97 ens. Mlk. M+A. HM. Oedema. uvf. RCC . ivFI. M-a. Focal malacia in sulcus : Gitter cells and gemis locyle s. + C 

Microglial and astroglial Infiltra tion . Lesion of long duration. E. canis 
Ex 

49 1800.97 Mlk. RCC. ens. uvl. Lymphocylic leukostasis. HM. Septi caemia . n/c 
Ex 

50 1835.97 ens. RCC . M+A. Mlk. Lym phoplasmacytosis. uvf. Og. HM cerebellum, subcortex and hippocampus. Early ++ C 

lesions. S NC. m·a. E. canis Ex 

51 1839.97 RCC. HM. Os. Mlk. Microvascular congestion. E. canis ++ n/c Ex 

52 1953.97 S-a. Mlk. E. canis nle Ex 

53 1959.97 ens. Microvascul ar con gestion. Mlk. n/c 

54 1960.97 RCC . Marginalion. Microvascular conges tion. Periv ascular lymphocytic cuffing. iv haemoglobin globules +++ C 
Og. Multiple parasites in indivi dual ce lls . HE. Distemper imp negative. 

55 1970.97 svn. Moderate microvascular congestion. fc. Mlk. Os . M+A. HM. HP. HR. Neutrophil infiltralion. A.2. Og . ++ C 
pRBC in haemorrhage. 

56 2005.97 Mlk. Plasm a cells. RCC HE. Many free parasi te s. Sever haemorrhage and coagulative necrosis of ++++ C 
hypophysis (advanced lesion). E, canis Ex 

57 2098.97 E, canis and metastatic neoplasia (10 CNS). Ex 

58 2203.97 M-a. Lym phoplasmacytlc infilt rati on, Distemper imp negati ve. Susp ect E. canis. Ex 

59 2534.97 Mlk. Lym phocylosis. Neutrophila. Margination , HM. A2? Early lesions. Perivascul ar Iymphoplasmacytic + C 
meningitis. E. canis Ex 

60 2535.97 RCC. Advanced lesion HE Og . SNG. ICC. NN and gemistocyles . C (hlsto) 

61 2560.97 M oderate microvascular congestion. RCC Mlk. as. Inlravascular protein droplets. uvf. HM. ivFt. svn in n/c 
hypophysis. E. canis Ex 

62 2567 .97 RCC. Adv anced le sions with Gi tter cells and gemislocytes.Vasculiti s, Axonal degenerat ion and necroSis. C 
HE . HM . E, canis Ex 

63 2575.97 ens. Margination . RCC HP cerebellum. Spinal cord early lesion HM. HE caudal cOlliculu s.Mlk ++++ C 
Lymphocytic infiltralion. 

64 2600.97 Mlk. svn . HM . HR. Lymphocytes. Oedema. Marginat ion. ++ C 
E. canis Ex 

65 2611 .97 RCC. Marginalion. uvf. svn . Og. Mlk. HM of white malter. Few plasma cells. Lymphocytes. Neutrophilia . +++ n/c 
ivF I. M-a. 

66 2709.97 Ens. RCG.Mlk fc . HP & HM in while malter of occipilallobe. Og. Lymphocyles. Neutrophils nlc 

67 2868.97 En s. M icrovascular congestion . Mlk. fc . ReC. Marginalion. Os. Svn. Og. HP . HE . HM , Perivascular + C 
neutrophiliC cuffing. Int erm ediate lesions, Neutrophil infiltration. Advanced lesions, ICC , NN , no svn on 
edge of lesion. Paired parasite s in red cells . 

68 3051.97 Mild en s, Severe congestion or meninges. RCC. Mlk. fc . HP. HM. Grey-white junclion. svn. HE olfaclory ++ C 
bulb. Advanced lesion ICC, HC. ivFt. E, canis Ex 

69 4.98 Mlk. MonocytiC cuffing. Monocytic infiltra tion. Free parasites. Marginalion . ens. uvl. HM. HR. HP. HE. Og. +++ C 
ICC . 

70 24 .98 ens Mlk. Marginalion RCC. HP . svn. Neutrophilia and neutrophil invasion of parenchyma. ICC on + C 
periphery of haemorrhagic area. M-a . Single area parasitaemia 4+. 

71 150.98 Meningeal congest ion. ens. Mlk. svn. HP. HE. Og. Os . Neutrophil infiltration. Necrosis of the subcortex. +++ C 
ICC. Leukocytoclast ic vasculilis. A.2. Gemistocytes. Flaltening of gyri. Haem orrhage does not penetrate 
white malter tracts in some sites, in others, HE. pRBC do not extravasate. or are confined to VR-spaces. 

72 151.98 ens. Moderate microvascular congestion . fc. HM. Os. Parasit ic proliferation in capillaries of whi te malter. ++ nlc 
svn. E. canis Ex 

73 152.98 Ens. uvf. Mlk RCC. Congestion of larger caliber ves sels. fc. ivFt. HM. HR. Sulcal haemorrhage. +­ nlc 

74 201.98 RCC. Mlk. uvL fe. Og. Os. svn. Vasculitis. HM. HP. HE. HR in white matter. Perivascular monocytic and + C 
neutrophilic cuffing. Neutrophil infiltration. Vascular necrosis with no neuronal change and no 
haemorrhage in cerebellum. SNC in deep sulcal cort ex. M-a . 

 
 
 



75 274.98 ens. Mlk. RCC. uvf. Os. Svn. HE. ICC. Neutrophil infiltration. Og. N. Vascular necrosis with adjacent 
normal neurons. No haemorrhage in white mailer. M-a. 

++ C 

76 305.98 ens. Og. uvf. ReC. Moderate microvascular congestion. Os. HM. HP . HE . ICC. Neulrophilic leukoslasis. 
Neutrophil infiltration. Petechiation of the grey/White junction. M-a . 

+++ C (histo) 

77 307 .98 Mild ens, focal . Mlk. RCG. uvl. Os. Og-focal, deep sulcal. ivFt. Focal perivenlricular cysl in white matter 
with gemistocyles, microglial infiltration. Survival post-infarction . M-a. 

+ n/c 

78 331 .98 ens. Mlk. Fe. svn. Advanced lesions. HE. ICC . Vasculitis. Neutrophil infiltration. A2. Microglial rod celts. 
SNC. Og 

++ C 

79 348.98 Mlk. ens. HM. RCC but no sludging. M+A. Neutrophilleukostasis. Os. Og . HP. Neulrophil inflltralion. ICC . 
No ICC presenl in haemoffhagic sife where neutrophil extravasation was absent. HR in grey matter. 

+ C 

80 426.98 ens. Mlk. RCC . M+A. svn. Og. Os . Leukocytoclastic vasculitis, endothelial celts ok. Advanced le sions. HP. 
HE. ICC. NN. A2. Cerebeltar Purkinje celts ICC, HCC . Spinal cord advanced lesion. "Venous infarction" 

+ C 

81 427.98 Mild microvascular congeslion. Mild ens. fc. Mlk . M+A. RCC . Os. Toxic neutrophilia. HM. Pancreatitis n/c 
Ex 

82 672.98 Ens . uvl. Os. ivFt M+A. RCC +++ nlc 

83 815.98 RCC. Marglnalion. Os. Og. HE . Neutrophil infiltrallon. Empty vessels. Advance d lesions with HE. 
neulrophils, Gitter cells, A2, cyst ic lesions. S-a. 

+++ C 

84 875.98 Ens. Mlk. Svn. ReC . Margination. NecroSis of pial vess els. Congestion of meninges. Advanced lesions: 
HE , Neutrophil infiltration. ICC. NN . Vascular necrosis. ivFt. "Venous infarction" . 

++++ 
+ 

C 

85 925.98 Ens. Mlk. RCC. fc. HP. svn. Vasculitis. HE . Astrogliosis (sulcal floors) . Neutrophil infiltration bul no 
neuronal necrosis (mod MSB;LFB Holmes;LFB PAS). ivFL Primary vasculitis. 

++ C 

86 1031 .98 ens. Mlk. Mild congestion. Neutrophilia. HM. HR. HP . RCC . Axonal injury in spinal cord. E. canis + nie 
Ex 

87 1094.98 Ens. Mlk, Mild congestion. Severe Os and cerebellar compreSSion. fc , HE lenticular nucleus with sparing of 
internal capsule. Leukocytoclastic vasculitis. Svn. ICC . NN . HR in grey matter. Og . ivFt 

C 

88 1112.98 RCC . Severe multlfocal micro vascular con gestion (lesion aSSOCiated). fc. Svn. Og. Os. HR. Arterial 
congestion is a feature of this case. Caudal colliculus - advanced lesion. HE. Neutrophil infiltration. ICC. 
NN. Severe og . Mlk, Vascular wall necrosis. 

+ C 

89 1207.98 Severe congeslion. ens . fc. RCC. Mlk . svn. HP. HM . Granule cell layer has HP. ivFL Og. Early lesion' 
capillary necrOSIs and associated oedema. 

++ pre-cerebral 

90 1268.98 Mlk ens. RCC. svn. HP , Og. Perivascular monocytic cuffing. Advanced lesion. HE. Neutrophil infiltration . 
ICC. EvFL A2. Caudal compression of cerebellum. Low parasite density in capillaries. ivFt. 

+++ C 

91 1270.98 Mlk. ens. RCC. M+A. Moderate congestion. pRBC abound in capillaries but not in larger ve ssels. HM. Mild 
Os. m-e. 

+++ nlc 

 
 
 



APPENDIX C FULLRESULTSTABLE-ULTRASTRUCTURE 

CASE EM 
NUMBER 

HISTORY MACROSCOPIC 
PATHOLOGY 

HISTOPATHOLOGY ULTRASTRUCTURAL 
PATHOLOGY 

1 26.96 Peracute 
haemoconcentrating 
babesiosis with 
central nervous 
excitation. 
Archival case. 

Severe cerebral oedema and 
congestion. 

Congestion and endothelial activation. Endothelial - erythrocyte contact. Intererythrocytic 
contact. Necrosis of neuropil,'with free 
erythrocytes, mitochondrial and other organellar 
debris and swelling of astrocyte foot processes. 

I 

2 27 .96 Cerebral 
babesiosis. 
Archival case . 

Eccymotic haemorrhage of brain stem 
and spinal cord. 

Perivascular haemorrhage and vascular 
necrosis of brain stem. Neuronal necrosis. 

Advanced neuronal ischaemic ce ll changes, 
immersion artifacts in neurons. Endothelial cell 
necrosis and autolysis in some cells. Severe 
astrocylic swelling. Intravascular inter-erythrocytic 
sites of contact. 

3 

4 

6.97 

1.98 

Peracute babesiosis 
with no neurological 
signs clinically. 
Glutaraldehyde 
fixed (direct) . 

Severe generalised 
seizures. 

Bilateral , asymmetrical haemorrhage in 
caudate nuclei. Locally extensive 
myocardial necrosis. 

Multifocal cerebral haemorrhage . 
Cardiac form. 

Segmental vascular necrosis. Advanced 
lesions with ischaemic cell change and foci 
of malacia. 

Erythrocyte margination and adherence. 
Multifocal petechiation with perivascular 
oedema of grey matter. Mild focal 
neutrophilic perivascular cuffing. No 
neuronal necrosis. Low endothelial 
reactivity. 

Severe vascular injury with exposure of basement 
membrane, loss of plasma into perivascular space, 
intact tight junctions, endothelial cell necrosis. 
Microvascular vasoconstriction . Swelling of 
pericyte nuclei causing luminal obstruction . Fibrin 
degradation products. Inter-erythrocytic contact 
points. Cytoplasmic vesicles on erythrocyte 
membranes. Intravascular monocytic activation. 
Neutrophilia. 

Marked plastic deformation of erythrocytes . Loss of 
electron density. Erythrocyte fragmentation . Inter-
erythrocytic contact points: amorphous granules. 
Endothelio-erythrocytic contact pOints. Focal 
endothelial necrosis. Focal endothelial nuclear 
swelling with microvascular occlusion. Endothelial 
pseudopodia formation - luminal aspect. 
Phagocytosed erythrocyte fragments. Plasma in 
perivascular space. Loss of swollen astrocyte foot-
process contact with basement membrane. 
Condensation of organelles in endothelial cells. 
Individual endothelial cell necrosis. Neuronal 
changes very variable: From intact, through early 
reversible change to irreversible change with loss 
of nucleoli , nuclear swelling , loss of ribosomes and 
presence of mitochondrial dense bodies. Astrocytic 
syncytial swelling observed adjacent to intact 
neurons. Oedema of myelin sheathes . 

- - - - L .. 

 
 
 



CASE EM 
NUMBER 

HISTORY MACROSCOPIC 
PATHOLOGY 

HISTOPATHOLOGY ULTRASTRUCTURAL 
IPATHOLOGY 

5 3.98 Cerebral babesiosis Multifocal cerebral haemorrhage and 
muscle form. 

Severe vascular necrosis with vasculitis. 
Neuronal necrosis could not be 
demonstrated using modified MSB, LFB-
Holmes or LFB PAS stains. Perivascular 
neutrophilic cuffs and focal infiltration . 

Endothelial-erythrocytic contact. Membrane stacks 
between erythrocytes and endothelial cells. , 

Margination of erythrocytes against endothelium 
with apparent fusion of erythrocyte and endothelia l 
membranes. Siudging of erythrocytes with 
apparent fusion of adjacent membranes . 
Endothelial cell retraction with exposure of 
underlying basement membranes. Endothelial cell 
necrosis. Perivascular polymerisation of fibrin with 
complete necrosis of endothelial cells. Tight 
junctions morphologically intact, lysis of organelles. 

6 4.98 Subacute 
babesiosis with 
respiratory distress. 
Glutaraldehyde 
fixed (direct) . 

Pulmonary oedema. Very high parasitaemia, rare 
microhaemorrhage. Margination of 
parasitised erythrocytes and swelling of 
endothelial nuclei. 

Erythrocyte sludging, loss of electron density and 
inter-erythrocytic contact. Endothelial-erythrocyte 
contacts. Severe nuclear swelling. Focal 
endothelial necrosis . Retraction of endothelial cells ' 
with exposure of basement membrane. 

7 5.98 Subacute 
babesiosis. 
AIHA. 

External pallor, internal bilateral 
ecchymoses of caudate nuclei. 
Pulmonary form. 

Siudging, margination of erythrocytes. Very 
high parasitaemia . Microhaemorrhage. 

Apparent fusion of adjacent erythrocyte 
membranes. Erythrocyte squaring in capillaries, or 
marginating. Apparent fusion of erythrocyte­
endothelial plasmalemma. Endothelial necrosis 
with condensation of organelles. Intravascular 
fibrin polymerisation. Endothelial pseudopodia. 
Endothelial-erythrocyte contact. 

 
 
 



APPENDIX D ARTERIAL SUPPLY FIELDS OF THE CANINE BRAIN . 
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APPENDIX E 

Table of Excluded cases 

Exclusion criterion Frequency (%) Cumulative 
frequency 

Ehrlichia canis co-infection 28(65.1) 65.1 

Septicaemia 2 (4.7) 69 .8 

Parvoviral enteritis 3 (7) 76.8 

Pancreatitis 1 (2.3) 79.1 

Warfarin toxicity 1 (2.3) 81.4 

Granulomatous meningo-encephalitis 1 (2 .3) 83 .7 

Metastatic cerebral neoplasia (with 1 (2.3) 
concurrent Ehrlichia canis infection) 

Splenic tortion 1 (2 .3) 86 

Acute heart failure 1 (2 .3) 88.3 

Babesia canis not confirmed 2 (4.7) 93 

Intussusception 1 (2 .3) 95 .3 

Spinal injury 1 (2 .3) 97 .6 

Suspected diamidine toxicity 1 (2 .3) 99 .9 

TOTAL 43 
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