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ABSTRACT

Background: Pseudomonas putida (P. putida) is widely distributed in the environment, and sometimes caused nosocomial
infections in human beings, but no case of infection has been reported in beagle dogs. Staphylococcus pseudintermedius
(S. pseudintermedius) is a natural cutaneous bacterium in dogs and occasionally causes purulent infections of the skin yet
rarely causes pneumonia. Both bacteria are opportunistic pathogens. Dogs, even well-controlled laboratory beagle dogs,
maybe infected by the bacterium in certain conditions like this report. In order to provide information and give suggestion
to veterinarians involved in dogs study, a complete profile of the coinfection was drawn in this report.

Case: It is presented a case of an 8-month-old beagle dog, weighing 6 kg that suffered from coinfection of P. putida and
S. pseudintermedius during a treatment of chemotherapy. The animal was confirmed as normal by appearance, physical
examination and laboratory tests before arrival according to the applicable guidelines. After 14-day acclimation period, the
animal was administrated with a tyrosinase inhibitor once daily via oral gavage. From Day 8, coughing, decreased activ-
ity, hyporeflexia, squinting, shortness of breath (abdominal breathing), and discharge around the nose as well as crackles
in the lung and rapid heart rate were noted. Since the poor conditions progressed quickly and have not been improved by
treatment of ceftriaxone and dexamethasone. On Day 9, the animal was euthanized for humanitarian reasons. To define the
pathogen, hilar lymph node and thoracic swab were collected for bacteria isolation and purification in special mediums,
and at last characterized by Gram staining and 16s rRNA gene sequence analysis and positive PCR-restriction fragment
length polymorphism. In clinical pathological examination, an increase in WBC, neutrophils, lymphocytes, monocytes,
cholesterol, triglyceride, total protein, globulin, and lactate dehydrogenase, as well as a decrease in RBC, hemoglobin,
hematocrit, platelets, sodium ion, chloride ion, and albumin were noted. At necropsy, dark red and enlarged lymph nodes
were noted in the hilum of lung, multiple abscesses with yellow pus and multifocal hemorrhage were noted in the lung,
and a large amount of frothy yellow fluid were noted in the trachea. In pathological examinations, severe neutrophilic
inflammation, diffuse and moderate macrophage aggregation, mild hemorrhage, and moderate alveolar emphysema were
noted in the lung, and severe sinusoidal stasis were noted in portal lymph nodes.

Discussion: The current case presented a profile of the appearance, treatment, hematological examination, coagulation
examination, clinical chemistry, macroscopic and histological changes in the lung. Multiple purulent abscesses, infiltra-
tion of neutrophils, macrophage, and hemorrhage, were correlated to the increase in WBC, neutrophils, lymphocytes, and
monocytes, and the decrease in RBC, hemoglobin, hematocrit, and platelets. In the coagulation examination, an increase
in Fbg concentration was noted. This change may be induced by the coagulase effect of the S. pseudintermedius, yet no
effect on PT or APTT was noted, indicating the coagulation function has not been affected. In the clinical chemistry, the
increase of creatine kinase and lactate dehydrogenase may indicate tissue cell damages. Significant increase of globulin
may be caused by the inflammatory status. In conclusion, the findings in this case indicate that both Pseudomonas putida
and Staphylococcus pseudintermedius can induce infections in laboratory beagle dogs under certain conditions, and might
result in a fatal pneumonia which could progress very fast within several days.
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INTRODUCTION

In laboratory beagle dogs, various pathogens
should be monitored and controlled according to
Federation of European Laboratory Animal Science
Associations (FELASA) recommendations [11] and
“Laboratory animal - Microbiological standards and
monitoring” (Standard No. GB14922.2-2011). Ho-
wever, opportunistic pathogens such as Pseudomonas
putida (P. putida) and Staphylococcus pseudinterme-
dius (8. pseudintermedius), are not included in either
of these guidelines.

P. putida is a gram-negative, aerobic pseudo-
monad that is widely distributed in the environment,
and is regarded as part of the normal flora in the hu-
man oropharynx [2]. It sometimes caused nosocomial
infections in immunocompromised patients [18]. A
few cases of P. putida have been reported in animals
such as mice [8], catfish [15], and monkeys [10].
However, no case of infection has been reported in
beagle dogs by now. Staphylococcus pseudintermedius
is a gram-positive, DNase-positive, coagulase coccus
bacteria that has been firstly characterized in 2005
[4]. The bacteria is regarded as a natural cutaneous
bacterium in dogs and occasionally causes purulent
infections of the skin [3,13]. However, the infection
of the lung that causes pneumonia in dogs, especially
in laboratory beagle dogs, is rarely reported.

Both opportunistic pathogens are well-con-
trolled in normal laboratory beagle dogs. However,
in animals with immunocompromised condition, the
pathogens may cause severe disease. In this report, we
present a case of fatal pneumonia caused by coinfection
of Pseudomonas putida and Staphylococcus pseudin-
termedius in an 8-month-old beagle dog, weighing 6
kg after several days of chemotherapy.

CASE

A total of 40 animals were brought by Shan-
ghai Innostar Bio-tech Co. Ltd. for conducting a GLP
(Good Laboratory Practice) complaint toxicology stu-
dy, which complied with all applicable local, national,
and international guidelines, and was monitored and
approved by the IACUC of the company, an AAA-
LAC-accredited facility. Before arrival, all animals
were confirmed as normal by appearance, physical
examination, and laboratory tests of various viruses,
Salmonella, Brucella, fungus, ectoparasite, and Toxo-
plasma according to the applicable guidelines. After

arrival, the animals were still healthy according to the
results of in-home observation, physical examination,
hematological analysis, parasite examination, electro-
cardiograph, and clinical pathological examinations in
a 14-day acclimation or quarantine period.

All 40 dogs received TI-001', a tyrosinase
inhibitor used for chemotherapy, once daily via oral
gavage in a standard GLP toxicology study. No ab-
normality was noted until Day 8, when one animal
was observed with coughing, decreased activity, and
hyporeflexia. Besides, crackles in the lung and rapid
heart rate (approximately 150 bpm) were noted via
auscultation by a staff veterinarian. Then the animal
was treated with 1g of ceftriaxone? and 0.01 mg/kg of
dexamethasone?® via intermuscular injection. However,
the conditions of the animal had not been improved by
the treatment. On day 9, additional abnormalities such
as squinting, shortness of breath (abdominal breathing),
and discharge around the nose were noted in the ani-
mal. Since the disease progressed rapidly without any
effective antibiotic therapy, the animal was euthanized
for humanitarian reasons.

In order to define the pathogens of this fatal
infection, a hilar lymph node near the lesion was qui-
ckly removed by sterile surgery, and the fluid on the
thoracic wall was collected by sterile swabbing. The
lymph node tissue and thoracic swabs were shipped
carefully to VRL Laboratories (Suzhou, China) for
a pathogen test. According to the local SOPs, the
samples were firstly inoculated on blood Agar and
selective mediums of nalidixic acid cetrimide agar
and deoxycholate-hydrogen-sulfide-lactose agar*.
Dominant colonies or potential pathogenic bacteria
colonies were isolated and purified via repeated plate
streaking. Then the purified colonies were subjected
to Gram staining*, 16s rRNA gene sequence analysis
and positive PCR-restriction fragment length poly-
morphism for pathogenic bacteria determination
according to standard procedures as described in the
past literature [5,6,16]. The test report indicated that
P. putida was noted in the thoracic swabs, while both
P. putida and S. pseudintermedius were detected in the
hilar lymph node.

With the objective of characterize the profile
of the infection, firstly, a detailed macroscopic exa-
mination was conducted, as shown in Figure 1. The
result showed dark red and enlarged lymph nodes
in the hilum of lung, multiple abscesses with yellow
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Figure 1. Macroscopic findings in the co-infected lung of the beagle dog.
The photo was taken freshly at necropsy, after the animal was exsanguinated
under deep anesthesia. The upper arrow points to the abscesses with yellow
pus in the lung; the lower arrow points to a hemorrhage focus.

pus and multifocal hemorrhage in the lung, and a
large amount of frothy yellow fluid in the trachea. No
abnormality was observed in other tissues or organs.
Under a microscopy, as shown in Figure 2B when
compared to Figure 2A (from a concurrent negative
control animal in the study), abnormalities of severe

neutrophilic inflammation, diffuse and moderate ma-
crophage aggregation, mild hemorrhage, and moderate
alveolar emphysema were noted in the lung, and severe
sinusoidal stasis in portal lymph nodes. No other ab-
normalities were noted except for mild lymphopenia
in the spleen, mild hypertrophy in the adrenal cortex,
and mild atrophy in the thymic cortex. Hematolo-
gical examination using ADVIA 2120 Automated
Hematology Analyzer® showed an increase in WBC
(71.02%x10° cell/uL, baseline value of 12.4x10° cell/uL),
neutrophils (54.37x10% cell/uL, baseline value of
7.35%10° cell/uL), lymphocytes(8.77x10° cell/uL,
baseline value of 3.99x10° cell/uL), and monocytes
(4.01x10° cell/uL, baseline value of 0.56x10* cell/uL),
and a decrease in RBC (3.38x10* cell/uL, baseline
value of 6.13x10? cell/uL), hemoglobin (7.5 g/dL, ba-
seline value of 13.1 g/dL), hematocrit (25.2%, baseline
value of 41.4%), and platelets(113x10? cell/uL, baseli-
ne value of 461x10° cell/uL). Coagulation examination
using CA-1500 Automated Coagulation Analyzer®
showed an increase in fibrinogen (7.44 g/L, baseline
value of 1.47 g/L) but not in prothrombin time (PT) or
activated partial thromboplastin time (APTT). Clinical
chemistry using 7180 Automatic Clinical Analyzer’
showed an increase in cholesterol (11.64 mmol/L, base-
line value of 3.32 mmol/L), triglyceride (1.22 mmol/L,
baseline value of 0.22 mmol/L), total protein (61.9 g/L,
baseline value of 50.8 g/L), globulin (37.0 g/L, ba-
seline value of 20.7 g/L), and lactate dehydrogenase
(302 U/L, baseline value of 150 U/L), and a decre-
ase in sodium ion (142.6 mmol/L, baseline value of
147.2 mmol/L), chloride ion (104.6 mmol/L, baseline

A

Figure 2. Histological examination after H-E staining of lung slides. The lungs were fixed with 10% neutral formalin and subjected to paraffin embedding,
sectioning, hematoxylin-eosin staining, and histopathological examination. A- A normal slide of lung from a concurrent control beagle dog. B- Image
from the co-infected animal. The left arrow indicates macrophage aggregation and the right arrow indicates neutrophilic inflammation.



M. Hong, L. Wei, Y. Chen, et al. 2021. A Fatal Pneumonia due to Coinfection of Pseudomonas putida and Staphylococcus

pseudintermedius in a Laboratory Beagle Dog.

Acta Scientiae Veterinariae. 49(Suppl 1): 622.

Table 1. Changes of clinical pathological parameters in the co-infected beagle dog.

Parameter At euthanasia*  Baseline Reference values
Red Blood cell (x10%uL) 3.38] 6.13 476 t0 7.19
Hemoglobin (g/dL) 7.5] 13.1 10.64 to 16.52
Hematocrit (%) 25.2] 41.4 31.54 t0 49.74
Mean Corpuscular Hemoglobin Concentration (g/dL) 29.6] 31.6 31.39 t0 35.40
Platelet (x10°/uL) 113] 461 166.18 to 441.79
White blood cell (x10°/uL) 71.021 12.42 5.98 to 17.22
Neutrophil (x10°/uL) 54.371 7.35 3.08 to 10.34
Lymphocyte (x10%/uL) 8.771 3.99 1.74 to 5.68
Monocyte(x10%/uL) 4.017 0.56 0.24 to 1.05
Fibrinogen (g/L) 7.447 1.47 1.05 to 2.34
Creatine Kinase (U/L) 9401 359 76.01 to 498.35
Cholesterol (mmol/L) 11.647 3.32 2.651t06.17
Triglyceride (mmol/L) 1.2207 0.22 0.16 t0 0.71
Sodium ion (mmol/L) 142.6] 147.2 144.89 to 151.81
Chloride ion (mmol/L) 104.6] 110.3 109.57 to 117.64
Total protein (g/L) 61.91 50.8 48.49 to 60.42
Albumin (g/L) 249] 30.1 25.82t0 33.94
Globulin (g/L) 37.01 20.7 19.27 t0 29.36
A/G 0.67] 1.5 0.90 to 1.57
Lactate dehydrogenase (U/L) 3027 150 14.85 to 215.36

*1/|: Increase/decrease of value compared to either baseline or in-home reference value. Other parameters such as eosinophils, basophils, prothrombin
time, activated partial thromboplastin time, alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, gamma-glutamyl transpeptidase,
total bilirubin, direct bilirubin, glucose, BUN, CREA, Ca, P, and K were examined but not listed here because of no difference compared with the baseline

value or within the reference value.

value of 110.3 mmol/L), and albumin (24.9 g/L, base-
line value of 30.1 g/L).

DISCUSSION

Laboratory beagle dogs are widely used in
non-clinical studies of drug development, and animal
health is an important factor that may confuse the
interpretation of study results. Generally, the micro-
organisms, especially certain pathogens, are well con-
trolled according to applicable guidelines. However,
in some studies or conditions where the animals are
immunocompromised, opportunistic pathogens may
cause infection in the animals. In the present study,
the authors reported the first case of coinfection of P.
putida and S. pseudintermedius in a beagle dog. Patho-
gens were isolated by various mediums and confirmed
by the 16s rRNA gene sequence analysis and positive

PCR-restriction fragment length polymorphism. The
authors present a profile of the appearance, treatment,
hematological examination, coagulation examination,
clinical chemistry, macroscopic and histological exa-
mination for a whole panel of tissues and organs.
Pseudomonas putida is a normal inhabitant
of soil, water, and plants, and has emerged as a noso-
comial bacterial pathogen in human beings. Various
investigations indicated that the pathogen may release
endotoxin, causing soft tissue infection, urinary tract
infections, pneumonia, septicemia, wound infections,
meningitis, and peritonitis [9,17]. The P. putida indu-
ced pneumonia in human beings was observed with
relatively higher heart rate and respiratory rate, and an
increase in leukocyte count, neutrophils, lymphocytes,
monocytes and eosinophils [7]. Staphylococcus pseu-
dintermedius is part of the commensal bacterium in
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dogs and cats’ skin [1]. The opportunistic infections
caused by this bacterium mainly appear as skin puru-
lent damage [14]. A few cases of the lung infection
that caused pneumonia were reported in human bein-
gs [12] and in a dog [19]. In the case of the dog, S.
pseudintermedius, which was observed in the canine
milk samples, vaginal swabs, and skin swabs, caused
interstitial pneumonia and multifocal acute myocardial
necrosis. The dog died within three days due to the
rapid development of symptoms [19].

The infection in this study was limited to the
lung, and no infection or inflammatory was noted in
other tissues or organs. Although mild lymphopenia in
the spleen, mild hypertrophy in the adrenal cortex, and
mild atrophy in the thymic cortex were noted, they are
regarded as secondary changes due to stress. Changes
in the lung, such as the bacterium caused multiple
purulent abscesses via macroscopic examination, infil-
tration of neutrophils, macrophage and hemorrhage via
histological examination, are correlated to the increase
in WBC, neutrophils, lymphocytes, and monocytes,
and the decrease in RBC, hemoglobin, hematocrit,
and platelets, consisting with report results as above
mentioned. In the coagulation examination, an increase
in Fbg concentration was noted. This change may be
induced by the coagulase effect of the S. pseudinterme-
dius, yet no effect on PT or APTT was noted, indicating
the coagulation function has not been affected. In the
clinical chemistry, the increase of creatine kinase and

lactate dehydrogenase may indicate tissue cell dama-
ges. Significant globulin increase may be caused by
the inflammatory status, and secondarily resulted in
the albumin decrease in order to balance the plasma
osmolality. An increase in cholesterol and triglyceride
may indicate a dysfunction of the metabolic system.
A decrease in sodium ion and chloride ion may due to
loss of the tissue fluid.

The findings in this case indicate that both
Pseudomonas putida and Staphylococcus pseudin-
termedius can induce infections in laboratory beagle
dogs under certain conditions, and might promote a
fatal pneumonia which could progress very fast within
several days. The report recommends that beagle dogs
receiving immunosuppressive therapy should be moni-
tored for the development of opportunistic infections.
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