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Canine distemper (CD) is a highly contagious disease in non-vaccinated puppies. The symptoms vary 
among respiratory, gastrointestinal or neurological signs and these symptoms are often exaggerated by 
secondary infections. This study was designed to analyze the various components of trans-tracheal 
wash (TTW) of canine distemper infected dogs. Twenty five dogs were chosen randomly from animals 
presented to teaching veterinary hospital, Cairo University, Egypt. Diagnosis is made by immune-
chromatographic assay, cytological, biochemical and microbiological examinations of TTW as well as 
hematological examination. Canine distemper infected dogs without secondary infections revealed 
significant monocytosis, while canine distemper infected dogs with secondary infections showed 
neutrophilia and monocytosis. Canine distemper inclusion bodies were noticed in blood smears of both 
groups. Cytological findings revealed significant decrease of alveolar macrophages, lymphocyte and 
epithelial cells with significant increase in reactive macrophages and degenerated neutrophils in both 
canine distemper infected dogs with and without secondary infections. Total nucleated cell count 
showed significant increase only in canine distemper infected dogs with secondary infections. Intra-
cellular bacteria, Pnuemocystis carinii and Toxoplasma gondii were noticed microscopically. 
Biochemically, alkaline phosphatase and lactate dehydrogenase and matrix metalloproteinases (MMPs) 
especially MMP-2 and total gelatinases were increased in TTW of both diseased groups. In conclusion, 
cytological preparations were supportive for differentiation of some complicating agents. Matrix 
metalloproteinases, alkaline phosphatase and lactate dehydrogenase were the most sensitive 
constituent in trans-tracheal wash for detecting inflammation. 
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INTRODUCTION 
Canine distemper (CD) is a severe systemic 
disease of dogs which caused by canine 
distemper virus (CDV), genus Morbilli virus of 
Paramyxoviridae family (Greene and Vandevelde 
2012). Puppies are the most susceptible to the 
disease and more likely to die than an infected 
adult dog. Puppies born to mothers, who haven’t 
been vaccinated against the virus, are highly 
susceptible. Once infected, puppies are severely 
weakened. A weakened immune system leaves 
an infected dog open to secondary infections 

like pneumonia. The CDV virus can be transmitted 
through the urine and feces of infected dogs, but 
airborne viral particles is the main method of virus 
transmission (Hurley 2009). Dogs after recovery 
from the disease may continue to shed the virus 
for many weeks, Humans can contract an 
asymptomatic CDV infection, but if they have 
been vaccinated against measles, they are 
fortified from CDV as well. 
             Canine distemper virus (CDV), an RNA 
virus, infects various cell types, including 
epithelial, mesenchymal and hematopoietic cells. 
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CDV persistent in the central nervous system and 
lymphoid tissue and main manifestations include 
respiratory and gastrointestinal symptoms, 
immunosuppression and encephalomyelitis 
(Beineke et al. 2009).   Infection with CDV may 
also result in ocular disease, skin lesions and 
dental diseases (Galán et al. 2014). The degree of 
clinical illness and the tissues involved differ 
depending on the age of the dog, virus strain and 
the immune status of the dog (Martella et al. 
2008). 
          The respiratory signs may be in mild non-
complicated form which is including lethargy, 
inappetance, fever and upper respiratory tract 
infection. On the other hand, severe complicated 
form resulted in fatal respiratory failure from lower 
respiratory tract infection (Cleaveland et al. 2000). 
Systemic CDV infection can be associated with 
secondary bacterial, fungal and protozoal 
infections due to the immunosuppression resulted 
from lymphoid depletion (Greene and Vandevelde 
2012). Observation of secondary bacterial 
infections is commonly found in cytological 
specimens from virally infected animals (English 
et al. 2014). Our study is aimed to compare 
cytological and different biochemical parameters 
of trans-tracheal washes between canine 
distemper infected dogs with and without 
secondary infections. As well as estimation of 
matrix metalloproteinases and defining the co-
pathogen associated with canine distemper 
infected cases. 

 
MATERIALS AND METHODS 

Animals and experimental design 
Total number of 25 German shephered dogs 

were used in this study with great consideration to 
animal welfare and were divided into 12 
apparently healthy dogs of different ages (5 month 
to 2 year) and of both sexes (4 male and 8 
female) used as control animals and 13 canine 
distemper infected dogs diagnosed by immune-
chromatographic assay on ocular and nasal 
discharges (The Canine Distemper Ag Test Kit, 
Quicking biotech Co., Ltd Shanghai, China). The 
diseased group was sub-divided according to 
cytological examination into 8 canine distemper 
infected dogs with secondary infections of 
different ages from 6 months -1year (7 male and 1 
female) and 5 canine distemper infected dogs 
without secondary infections of different ages from 
7-11 months (3 male and 2 female) according to 
the presence of concurrent etiology. Each animal 
was exposed to complete clinical examination 

include: physical examination for respiration, 
pulse, temperature, mucous membrane and 
lymph nodes (Radostits et al. 2000).  

Blood samples:  
Blood samples were collected from cephalic 

vein or recurrent tarsal. Each sample was  divided 
into two portions: the first portion was collected in 
vacutainer tubes containing Ethylene-diamine-
tetra-acetic acid (EDTA) for performing complete 
blood picture (CBC) and the second portion was 
collected in plain tubes for serum separation and 
then stored at -20

o
C until biochemical analysis. 

 Trans-tracheal washes samples: 
 This method was carried out according to 

Syring (2004). Trans-tracheal washes were 
performed without sedation in calm animals. If 
sedation is required to facilitate catheter 
placement in fractious animals, a combination of 
ketamine and xylazine were used. The patients 
were positioned in sternal recumbency with the 
neck dorsi-flexed and a small stab incision was 
made in the neck skin to facilitate needle 
placement. The catheter was inserted into the 
trachea through the needle either through the 
crico-thyroid ligament or between two tracheal 
rings. A syringe prefilled with sterile saline (3 to 5 
ml for small dogs, 10 to 20 ml for larger dogs) 
attached to the catheter and flushed into the 
catheter. Then the syringe was aspirated slowly to 
retrieve lavage fluid. After a sufficient sample had 
been obtained, the catheter was removed from 
the trachea and gentle pressure and a bandage 
was applied to limit bleeding and air leakage from 
the site. Trans-tracheal wash samples were 
subdivided into 4 portions for cytological, 
biochemical and microbiological analysis as well 
as gelatin zymography for Matrix 
metalloproteinases (MMPs) determination. 

Hematologic studies:  
Erythrogram as well as leukogram were done 

according to Feldman et al. 2000. 

Cytological analysis: 
 Total nucleated cell count (TNCC) of trans-

tracheal washes were done using an improved 
Neubauer hemocytometer, differential nucleated 
cell count and parasitological examination were 
performed on Giemsa stained trans-tracheal 
washes smears according to Hawkins (2004). 
 
 Biochemical analysis of trans-tracheal 
washes and serum:  
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Trans-tracheal washes and serum blood urea 
nitrogen (BUN) (Tietz, 1995) was determined to 
correct variability of dilution in lavage fluid. Blood 
urea nitrogen was used as internal markers in 
estimating trans-tracheal wash (TTW) dilution 
factor as the process of introducing and 
withdrawing fluid leads to variations in trans-
tracheal wash results (Baughman and Rennard 
1999).The dilution factor of the trans-tracheal 
wash (TTW) was calculated from the ratio of urea 
concentrations in serum and trans-tracheal 
washes. Cell counts, enzyme activities, calcium 
and phosphorous concentrations in the trans-
tracheal washes were multiplied by the dilution 
factor. 

 Trans-tracheal washes alkaline phosphatase 
(ALP) (Tietz 2007), lactate dehydrogenase (LDH) 
(Tietz 2007), Calcium (Ca) (Bauer 1981) and 
phosphorous (Dryer and Routh 1963) were also 
measured. The above mentioned biochemical 
parameters were analyzed colorimetrically using 
reagent kits supplied by StanBio Laboratories 
incorporation, USA. 

 Matrix metalloproteinase – 9 (MMP-9) and 
Matrix metalloproteinase –2 (MMP-2) activities of 
TTW fluid were determined by gelatin 
zymography. Zymography commonly based on 
sodium dodecyl sulfate – polyacrylamide gel 
electrophoresis (Hawkes et al. 2001). For the 
specific case of proteases (MMP-2, MMP-9) 
gelatin was most frequently used substrate. In this 
case, the proteolytic activity appears as clear 
bands over a deep blue background, after 
Coomassie staining. 

Bacteriological examination:  
Trans-tracheal wash was cultured for bacterial 

isolation. Standard biochemical methods were 
used to identify cultured bacteria according to 
Jang et al. (2000). The RapID NF Plus (Kitch et al. 
1992) and RapID onE (Kitch et al. 1994) systems 
were used for identification of gram negative 
bacteria. 

STASTICAL ANALYSIS:  
The obtained values were presented as 

means ± SE of the mean. Comparisons between 
each canine distemper infected groups and 
control group were carried out by independent-
samples T test. The level of significance was set 
at P < 0.05 using SPSS software (version 16.0). 

RESULTS  

Clinical examination 
  In normal control dogs, body temperature 

was found to be in normal range (38.3 -39.2
0
C), 

oral, ocular and nasal mucous memberanes were 
slightly pale rosy red without lesions or abnormal 
discharges, also tonsils, prescapular and popliteal 
lymph nodes were normal. Negative cough test 
with normal finding of lung auscultation were 
detected. Clinical examination of diseased dogs 
revealed feverish body temperature (39.5-40.7

0
C) 

clinical signs were shown sever productive cough, 
purulent nasal discharge with positive cough test, 
normal to moderate increase in respiratory rate 
and harsh lung sounds with crackles. Congested 
mucous membrane with petechial hemorrhage, 
conjunctivitis, and diarrhea and bloody vomiting. 
These dogs were positive for canine distemper, 
using one step Canine Distemper Ag Test Kit.                                                                                                                                                                                                                                                                            

Hematological constituent  
Canine distemper infected dogs with 

secondary infections showed significant 
leukocytosis, neutrophilia, lymphopenia and 
monocytosis. While canine distemper infected 
dogs without secondary infections showed 
significant monocytosis and lymphopenia (Table 
1). Microscopical examination of blood smear 
showed presence of canine distemper inclusion 
body inside neutrophils and red blood corpuscle in 
all canine distemper cases (Fig. 1a).  

Cytological findings  
Only trans-tracheal wash fluids of canine 

distemper infected dogs with secondary infections 
showed significant increase of both total 
nucleated cell count (TNCC) and urea adjusted 
TNCC (multiplied by the dilution factor) . The 
differential nucleated cell count showed significant 
increase in neutrophils and reactive macrophages 
as well as significant decrease in lymphocytes, 
epithelial cells and alveolar macrophage in both 
groups (Table 2). Microscopical examination of 
stained cytological slides of canine distemper 
infected dogs with secondary infections showed 
degenerated neutrophils and activated 
macrophage with bacterial, fungal and parasitic 
agents (Fig. 1b-d).  

Biochemical constituents 
Both groups showed significant increase in 

alkaline phosphatase and lactate dehydrogenase 
activities. Matrix metalloproteinases (MMPs) 
showed significant increase in MMP2 and total 
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gelatinases with significant decrease in MMP9 in both groups (Table 3). 

Figure 1: (a) Stained blood film showed canine distemper inclusion body inside neutrophil (thick arrow) 
and red blood corpuscle (thin arrow). 
(b) Cytological preparation showing degenrated cells (thin arrow) with mixed population of bacteria (thick 
arrow) in canine distemper infected dogs with secondary infections. 
(c) Pneumocystis carini (arrows) with mixed population of bacteria in canine distemper infected dogs with 
secondary infections. 
(d)Toxoplasma tachyzoite in canine distemper infected dogs with secondary infections (arrow). 
Table (1): Mean values of hematological constituents of canine distemper infected dogs with and 
without secondary infections. 

 
Weakly significant (p ≤ 0.05).Significant (p ≤ 0.01).Highly significant (p ≤ 0.001). 
 
 
 

Parameter Control Canine distemper infected 
dogs without secondary 
infections. 

Canine distemper infected 
dogs with secondary 
infections. 

RBCs count (10
6
/μl) 6.17 ± 0.47 5.95 ±0.37 5 ±0.42 

HB content (g/dl) 14 ± 1.57 15±  2.06 13 ± 1.13 

PCV percentage (%) 38 ± 2.67 47 ± 5.85 38 ± 3.35 

MCV (fl) 63 ± 3.42 70 ± 3.23 67 ± 3.63 

MCH (pg) 22 ± 1.68 25 ± 3.44 26 ± 0.98 

MCHC (g/dl) 36 ± 2.38 32 ± 2.41 34 ± 1.40 

Total leukocytic count 
(10

3
/μl) 

11.05 ± 1.4 10.46 ±2.2 23.18 ± 3.9
**
 

Neutrophil (10
3
/μl) 7.48 ± 1.5 8.38 ± 2.6 18.27 ± 3.4

***
 

Lymphocyte (10
3
/μl) 2.56 ± 1.2 1.23 ±0.07

 
* 1.37 ± 0.55* 

Monocyte (10
3
/μl) 0.64 ± 0.12 2.41 ± 0.25*** 1.16± 0.76

 *
 

Eosinophil(10
3
/μl) 0.35 ±0.96 0.42 ±.01 0.13 ± 0.08 
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Table (2): Mean value of cytological constituents of TTW from canine distemper infected dogs with 
and without secondary infections. 
 

*
 Weakly significant (p ≤ 0.05). 

**
 Significant (p ≤ 0.01).

 

***
 Highly significant (p ≤ 0.001). 

Table (3): Mean values of some biochemical Constituent of TTW from canine distemper infected 
dogs with and without secondary infections. 

*
 Weakly significant (p ≤ 0.05). 

**
 Significant (p ≤ 0.01).

 

***
 Highly significant (p ≤ 0.001). 

AU= arbitrary unit. 
 
 
 
 
 

Parameter Control Canine distemper 
infected dogs without 
secondary infections. 

Canine distemper 
infected dogs with 

secondary infections. 
Total Nucleated Cell Count 
(TNCC) (10

3
/ μl ) 

0.15 ± 0.06 0.18 ± 0.05 1.92 ± 0.07
 *
 

Urea Adjusted Total 
Nucleated Cell Count 
(TNCC) (10

3
/ μl ) 

1.86 ± 0.24 1.80 ± 0.16 2.55 ± 0.91
 ***

 

Reactive Macrophage % 7 ± 1.99 53 ± 16.90
***

 23± 1.66
**
 

Alveolar Macrophage % 28 ± 2.07 0 ± 0 
**
 6 ± 0.24 

**
 

Neutrophil % 2 ± 0.04 46.6 ± 1.66 
***

 68 ± 3.20
***

 

Eosinophil % 1 ± 0.43 1 ± 0.03 1 ± 0.86 

Lymphocyte % 7 ± 0.59 0.4 ± 0.4
*** 2 ± 0.62

 ***
 

Epithelial cells % 55 ±1.2 0 ± 0*** 0 ± 0
***

 

Constituents Control Canine distemper 
infected dogs 

without secondary 
infections. 

Canine distemper 
infected dogs with 

secondary 
infections. 

Trans-tracheal wash dilution factor 0.54 ± 0.09 0.37 ± 0.10 0.19 ± 0.05 

ALP (U/L) 57 ± 14.64 267 ± 14.68* 85± 36.40 

Corrected ALP (U/L) 336 ± 19.30 1311 ± 35.81
***

 697 ± 97.88
*
 

LDH (U/L) 28 ± 1.78 35 ± 7.75 32 ± 12.57 

Corrected LDH (U/L) 151 ± 18.12 233 ± 16.46
*
 323 ± 64.11

**
 

Ca (mg/dl) 2 ± 0.61 7 ± 1.86 
**
 5 ± 1.44 

*
 

Corrected Ca (mg/dl) 23 ± 5.24 29 ± 7.87 35 ±8.55 

Phosphorous (mg/dl) 1 ± 0.44 2 ± 1.41 2 ±0.20 

Corrected Phosphorous (mg/dl) 4  ± 1.32 6 ± 2.68 5 ± 3.22 

MMP2(gelatinases A) (AU) 20.51 ± 3.79 95.65 ± 12.55
***

 95.81 ± 20.27
*
 

MMP9(gelatinases B) (AU) 7.73 ± 1.49 0±0
**
 0±0

**
 

Total gelatinases (AU) 25.67 ± 3.12 181.88 ± 0.58*** 95.81 ± 20.27
* 
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Complicating agent:  
Co-pathogens in complicated cases were 

Pnuemocystis carinii and Toxoplasma gondii (Fig. 
1c-d) in addition to Bacterial isolated which were 
listed in (Table 4) 
 
Table (4): Bacterial isolates from Canine 
distemper infected dogs with secondary 
infections. 

 

 
 
DISCUSSION 

Canine distemper is a contagious, 
multisystemic disease of dogs. Common clinical 
signs  starts with  impermanent fever reach a 
peak 3 to 6 days after infection and associated 
with  anorexia, serous to mucopurulant ocular and 
nasal discharges, coughing, dyspnea, pneumonia, 
diarrhea, vomiting, cutaneous pustules (Sykes, 
2014). Although vaccinations against canine 
distemper significantly weakens the incidence 
among dog population, this disease remains a 
major cause of mortality as it can be associated 
with secondary infections which worsen the 
prognosis of such cases (Greene and Vandevelde 
2012). 

In canine distemper infected dogs with and 
without secondary infections, complete blood 
count in dogs with acute distemper most 
commonly reveals lymphopenia caused by 
lymphoid depletion. Impaired immune function, 
associated with depletion of lymphoid organs, due 
to lymphoid cell apoptosis in the early phase 
(Beineke et al. 2009). However, the lymphocyte 
count may also be normal, especially with more 
chronic cases. 

 Examination of Romanowsky-stained blood 
smears reveals canine distemper virus (CDV) 
inclusion bodies in the cytoplasm of circulating 
erythrocytes and leukocytes especially early in 
infection. “Distemper inclusion bodies” are 
clusters of virus that are visible microscopically 
within infected erythrocytes and neutrophils. The 
presence of inclusion bodies affirms distemper 
infection. The lack of detectable inclusion bodies 

does not exclude the infection with distemper 
(Greene and Vandevelde 2012; Sykes 2014).  

In canine distemper infected dogs with 
secondary infections, inflammatory leukogram 
with significant leukocytosis and accompanying 
fever would be expected in dogs with secondary 
bacterial infection and pneumonia (Ford 2012). 
Toxoplasma gondii cases showed neutrophilic 
leukocytosis and monocytosis (Dubey and Lappin 
2012; Lappin 2014). 

Toxoplasma tachyzoites may be noticed in 
various tissues and body fluids by cytology during 
acute illness, and may be found trans tracheal or 
bronchoalveolar washings (Lappin 2014). In 
addition, viral respiratory diseases cause lung 
vandalism that allows secondary bacterial 
infection. Cytological, increased numbers of 
neutrophils indicate inflammation. Lymphocytes 
may be increased, but the numbers are often low 
and nonspecific. If a secondary bacterial infection 
has existed, bacteria may be seen either 
intracellular or extracellular on the slides (English 
et al. 2014). 

Activities of enzymes such as lactate 
dehydrogenase or alkaline phosphatase in a 
cellular supernatant of lavage fluid are sensitive 
markers of toxicity or indicators for disturbances of 
cellular integrity prompted by pathological 
conditions. Alkaline phosphatase activity in trans 
tracheal wash resulted from increased secretory 
activity of alveolar type II cells. So we can 
consider ALP level in pulmonary lavage fluids is a 
marker of tissue damage and proliferation of 
alveolar type II cells (Capelli et al. 1997a; Capelli 
et al. 1997b; Henderson et al. 1995; Maden et al. 
2001). Normally, LDH is not found extracellular 
except in the presence of damaged cells. The 
activity of LDH can be resolute as a marker for 
cytotoxicity. Lactate dehydrogenase and alkaline 
phosphatase activities frequently measured in 
trans-tracheal washes are indicators of the 
inflammatory response (Pittet et al. 1997). 

Matrix metalloproteinases (MMPs) contain a 
group of enzymes which deteriorate the protein 
content of the extracellular matrix. In the normal 
lung, they are involved in turnover and 
maintenance of tissue structure (Beineke et al. 
2009). However, in massive amounts, the MMPs 
can destroy the integrity of the alveolar matrix, 
causing functional damage. When acute 
inflammation occurs, polymorphonuclear cells are 
attracted to the inflammation site and help tissue 
repair by modulating MMPs secretion. Among the 
MMPs, gelatinases A (MMP-2) are believed to 
play a primary role in lung tissue remodelling and 

Bacteria Isolation 
rate 

Pseudomonas aeruginosa 4/8(50%) 

Citrobacter spp. 4/8(50%) 

Escherichia coli 2/8(25%) 

Beta-
hemolyticstreptococcus 
spp. 

1/8(12.5%) 
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repair as alveolar macrophages and epithelial 
cells are the main source of MMP-9. (Corbel et al. 
2000; Cataldo et al. 2003; Frankenberger et al. 
2001; Rajamäki et al. 2002). On such bases, the 
significant decrease of MMP-9 in our groups may 
be attributed to significant decrease of alveolar 
macrophages and epithelial cells in these groups.  

 In bacteriological examination, Pseudomonas 
aeruginosa, Citrobacter spp., were the most 
isolated from complicated cases followed by 
Escherichia coli and Beta-hemolytic streptococcus 
spp. that can cause impairment of the pulmonary 
defense mechanisms and predispose dogs, 
particularly puppies, to secondary bacterial 
pneumonia (Lee-Fowler and   Reinero 2012) 

CONCLUSION 
 In conclusion, Canine distemper infected 

dogs with and without secondary infections 
showed lymphopenia. Inflammatory leucocytosis 
and monocytosis were noticed in cases 
associated with secondary infections only. 
cytological, only trans-tracheal wash fluids of 
canine distemper infected dogs associated with 
secondary infections showed significant increase 
of total nucleated cell count (TNCC) with 
degenerated neutrophils and activated 
macrophages. Biochemically, matrix 
metalloproteinases, alkaline phosphatase and 
lactate dehydrogenase were the most sensitive 
constituent in trans-tracheal wash for detecting 
inflammation. 
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