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Abstract: A two-year-old 235 g female pet rat (Rattus norvegicus) was presented with weight loss
and dyspnoea. Clinical findings included cachexia, chromodacryorrhoea, cyanotic mucous mem-
branes, severe dyspnoea and bronchovesicular wheezes. Thoracic radiographs showed a mixed in-
terstitial-alveolar pattern with cardiac displacement. Rat thoracic ultrasound revealed multiple nod-
ular lesions, abnormal curtain signs. Based on the diagnostic imaging the diagnosis was established
as abscessing pneumonia. The animal tested seropositive for Mycoplasma pulmonis, Filobacterium
rodentium, rat theilovirus, and Pneumocystis carinii, whereas it was seronegative for rat coronavirus
(RCV) and Sendai virus. Bacteriological examination of the bronchoalveolar lavage showed the pres-
ence of Bordetella bronchiseptica, Staphylococcus aureus and Acinetobacter baumanni, whereas
lung tissue culture showed the presence of Acinetobacter pittii, and Staphylococcus aureus. Due to
poor prognosis, euthanasia was elected. Necropsy, histopathology and bacteriology confirmed chro-
nic interstitial lung abscessation and pyogranulomatous bronchopneumonia. In the presented case,
the final diagnosis was chronic interstitial pneumonia and pyogranulomatous bronchopneumonia
caused by M. pulmonis, P. carinii, S. aureus, and A. pittii. The recommended optimal diagnostic work-
up for respiratory disease includes clinical examination, lung ultrasound, thoracic radiography, hae-
matological analysis and bronchoalveolar lavage. In this case, lung ultrasound, particularly due to
the small body size of the animal, proved to be a quick diagnostic method and compared with radi-
ography, a tool with better diagnostic and prognostic outcomes. Therefore, lung ultrasonography
should be part of the diagnostic work-up for thoracic pathologies, especially when high-resolution
computed tomography imaging is not possible. Pathogen identification should include bacteriology
as well as PCR testing. Precise pathogen analysis, together with antibiotic sensitivity testing, helps
the practitioner choose the optimal antibiotic and supportive care, following guidelines for the pre-
vention of antimicrobial resistance.

Introduction

ons, and chronic illness. Under conditions of stress, airway irrita-
tion, or immunosuppression, the respiratory microbial flora may

Infectious respiratory diseases are one of the most common rea-
sons for medical examination in pet rats (1-3). Factors predispo-
sing animals to respiratory diseases are typically related to hus-
bandry and diet, including overcrowding, inadequate ventilation,
suboptimal nutrition, fragrant or dusty bedding, elevated ammo-
nia levels in enclosures, humidity, abrupt temperature fluctuati-

become pathogenic.! Mycoplasma pulmonis (MPUL), Streptococ-
cus pneumoniae and Corynebacterium kutscheri are the three
main pathogens causing respiratory disease. Other pathogens
such as Sendai virus (paramyxovirus), pneumonia virus of mice
(PVM, paramyxovirus), Pneumocystis carinii (PCAR), Fillobacte-
rium rodentium (cillia-associated respiratory bacillus, CARB), and
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Haemophilus spp. are usually considered minor pathogens and ra-
rely cause disease as a single pathogen (1-5). Abscessing pneumo-
nia is typically recognized as an end-stage of the disease (1-3). The
main diagnostic approach in rat respiratory disease involves a
combination of clinical signs, thoracic auscultation, imaging meth-
ods and pathogen identification (1-8).

Although respiratory diseases in laboratory rats are well described
and diagnostic protocols are thoroughly standardised (9), exact di-
agnostic procedures are still rarely performed in routine clinical
practice for client-owned pet rats. Consequently, therapeutic man-
agement is often based solely on a non-specific diagnosis of “pneu-
monia”, without precise identification of the aetiological agent or
underlying pathophysiological mechanism (2, 5). This article de-
scribes the recommended step-by-step diagnostic approach and
laboratory findings in a pet rat diagnosed with abscessing pneu-
monia.

Case presentation

A two-year-old, 235 g female rat (Rattus norvegicus) was pre-
sented with weight loss, dyspnoea, and episodes of open-mouth
breathing accompanied by partial "seizure-like" behaviour, fol-
lowed by normal feeding. Clinical examination revealed apathy, ca-
chexia (BCS 1.5/5), chromodacryorrhoea, cyanotic mucous mem-
branes, dehydration (skin tenting), dyspnoea with severe ab-
dominal involvement, and bronchovesicular wheezes on ausculta-
tion.

After stabilization in an oxygen cage, Lung ultrasound (RATTUS
examination) was performed (10), and the findings were evaluated
(7). The patient was premedicated with alfaxalone (1 mg/kg IM,
Alfaxan multidose, Jurox Limited, Ireland), and anaesthesia was in-
duced by isoflurane in an induction chamber. The general anaes-
thesia was maintained with isoflurane (2%, Isoflutek 1000 mg/g,
Laboratorios Karizoo, S.A., Spain), oxygen flow rate (2 L/min). A
blood sample was obtained from the cranial vena cava for haema-
tologiical and serological testing (11). After blood sampling, a radi-
ographic examination (Fig. 1) of the anaesthetised rat was perfor-
med in 4 views (left and right lateral view, ventro-dorsal, and
dorso-ventral). A CT scan of the upper airways (Fig. 1) was perfor-
med immediately after the radiography. Patient was maintained
on oxygen until full recovery and the animal received supportive
and fluid therapy (Hepagen 0.1 mL/kg IM, Fatro S.p.A., Italy; famo-
tidine 1 mg/kg IM, Quamatel, Gedeon Richter Plc, Hungary; Rin-
gerfundin, B Braun, Germany with Duphalyte, Zoetis, Czech Repu-
blic, diluted 1:5, 15 mL/kg SC; Catosal 0.5 mL pro toto SC, Elanco,
AG, Germany; B-vitamins 0.1 mL/kg IM, Milgamma, Wé&rwag
Pharma GmbH und Co, Germany).

Haematological analysis showed elevated red blood cell count
(12.37 x10"%/I, reference value 5.16 + 1.0 x10'%/1) and haematocrite
values (0.81 I/I; 0.37 + 0.1 I/1), reticulocytosis (4%; 2+1), normal
total white blood cell count (5.01 x10%/I; 7.73 + 2.81 x10%/1), and
relative neutrophilia (57,9 %; 24.79 + 8.3 %) and monocytosis (15.8
%;0.16 £ 0.4%) (12,13).
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Figure 1: Thoracic radiograph of a rat with abscessing pneumonia. Left
latero-lateral (A), right latero-lateral (B), dorso-ventral (C), and ventro-
dorsal (D) views. An alveolar pattern was observed in the cranioventral
part of the radiograph (yellow arrow). An interstitial to alveolar pattern
was seen in the dorsal region (red arrow). The cardiac silhouette can-
not be demarcated due to the surrounding soft tissue opacities

The animal tested seropositive for MPUL, Filobacterium ro-
dentium, rat theilovirus, and PCAR, whereas it was seronegative
for rat coronavirus (RCV) and Sendai virus.

Lung ultrasound examination showed the absence of lung sli-
ding. In the right axillary line, the multiple nodule sign with sta-
tic air and fluid bronchogram was observed. Multiple B-lines
were observed in the left axillary region suggesting interstitial
involvement or oedema and bamboo sign. The substernal
approach showed left cardiac displacement. As the shift was to
the opposite side to the multinodular sign, the cardiac shift was
thought to be caused by a mass. The symmetry of the lung
distension could not be assessed due to the fragmented pleural
line as a result of the lung injury. In the right scapular region,
the main finding was an abnormal (or asynchronous) curtain
sign and a very pronounced bamboo sign, but this could have
been caused by the animal's poor body condition. In the left
scapular region, an abnormal curtain sign, C-lines and possibly
an Am-line were also noted. In human medical literature, the
Am line indicates fibrotic changes (8). The cranial mediastinum
showed multiple cavitary lesions, and a subjectively enlarged
cardiac silhouette suppressed by nodular signs (suspected ab-
scesses originating from the right lung lobes).

On lateral thoracic radiographs, an alveolar pattern was obser-
ved in the cranioventral and caudoventral part of the left lung.
A mixed interstitial-alveolar pattern was present in the caudo-
dorsal region. The border of the cardiac silhouette could not be
assessed due to the surrounding soft tissue opacities (enlarged
cranial mediastinum and soft tissue opacities in the caudal me-
diastinum). On the dorso-ventral radiograph, alveolar to multi-
ple miliary nodular changes with cardiac displacement were
however, assessment was limited by suboptimal positioning.
Proper superimposition of the spine and sternum could not be



achieved due to the animal’s severely compromised condition
and the pronounced wedge-shaped conformation of the
thorax, which made correct positioning challenging. The differ-
ential diagnosis of the presence of the alveolar lung pattern in-
cludes pneumonia, cardiogenic pulmonary oedema, pulmonary
haemorrhage, atelectasis, pulmonary contusion, and pulmo-
nary thromboembolism. Nodular lung patterns may be associ-
ated with metastatic neoplasia, lymphoma, fungal or bacterial
pneumonia, abscesses/granulomas or disseminated intravascu-
lar coagulation.® A CT examination of the nasal cavity and mid-
dle ear cavity revealed no pathological alterations. A presum-
ptive diagnosis of abscessing pneumonia was made.

Bronchoalveolar lavage (BAL) was performed using a sterile uri-
nary catheter (Sterile cat catheter 1.0x110 mm, Polnet, Poland)
under otoscopic control. A total of 0.2 ml of pre-warmed sterile
saline was instilled into the trachea, followed by 0.2 ml of air,
and the fluid was then withdrawn with gentle suction. This pro-
cedure was repeated twice. During the procedure, isoflurane
anaesthesia was discontinued and at the end of BAL, the rats
were awakened to facilitate coughing up the remaining saline.
In the recovery phase after BAL, post oxygenation was perfor-
med until complete recovery. The BAL sample was placed in a
sterile tube and sent to an accredited laboratory for microbio-
logical examination.

Due to the poor prognosis (the entire observed lung surface
was pathologically altered), the owner elected euthanasia. As
the client owned more rats, postmortem examination, bacteri-
ological analysis and PCR pathogen identification were perfor-
med. Necropsy revealed multiple irregularly nodular lesions
(size of 0.3 to 1.5 cm in diameter) of yellow colour filled with
pus in the right lung and adhesions of the left lung to the tho-
racic wall. Enlarged tracheobronchial lymph nodes were obser-
ved in the cranial mediastinum. The heart chambers were en-
larged (Fig. 2). Other organs showed no macroscopic changes.
Samples were fixed in buffered 10% neutral formalin, dehydra-
ted, embedded in paraffin wax, sectioned on a microtome at a
thickness of 4 um, and stained with haematoxylin and eosin
(H&E). Histopathological examination revealed multiple foci of
marked chronic active inflammatory reaction in all lung
samples (Figure 4). Presence of multiple confluent foci of chro-
nic purulent inflammatory reaction with formation of abscesses
and in some areas with progression into pyogranulomas were
detected. In addition, focal thickening of interalveolar septa
was noted, characterized mainly by lymphoplasmacytic and, in
some areas, mixed inflammatory infiltrates (lymphocytes, neu-
trophils, macrophages). Certain alveoli were filled with eo-
sinophilic-staining clear fluid, consistent with pulmonary oe-
dema. Bronchiole-associated lymphoid tissue (BALT) hyperpla-
sia was detected. Marked bronchiectasis was present in some
regions, with accumulation of mucus and inflammatory cells
within the lumina of dilated bronchi and bronchioles. The

lymph nodes from the cranial mediastinum showed reactive
hyperplasia. Histopathological diagnosis of chronic active
bronchointerstitial pneumonia with formation of abscesses and
pyogranulomas was made. Bacteriological examination of the
BAL showed the presence of Bordetella bronchiseptica, Stap-
hylococcus aureus and Acinetobacter baumanni, whereas lung
tissue culture showed the presence of Acinetobacter pittii, and
Staphylococcus aureus. PCR analysis revealed the presence of
MPUL and PCAR. The final diagnosis of chronic interstitial pne-
umonia, pyogranulomatous bronchopneumonia caused by
MPUL, S. aureus and Acinetobacter pittii was made.

Discussion

Upper respiratory tract disease, mammary gland tumours
and ectoparasitic infections were reported as the most
common clinical disorders seen in veterinary practices
(2). Respiratory symptoms may originate from the upper
and/or lower respiratory tract. Other causes of dyspnoea
may be associated with cardiovascular diseases, neopla-
sia, pneumothorax, and trauma (1, 3, 14, 15). The main
imaging diagnostic method used in clinical practice of rats
is reported to be radiography (2). Lung ultrasonography
has the potential to provide information that assists in di-
agnosis, narrows differential diagnoses, and helps guide
clinical therapy (6,7). In small mammals, lung ultrasono-
graphy can provide information that aids diagnosis and
refines differential diagnoses (6,7, 10). In the presented
case, the radiographic changes were not pathognomonic
for abscessing pneumonia, but the formation of multiple
abscesses was confirmed by lung ultrasonography. When
comparing intravital diagnostics and post-mortem chan-
ges, the abnormal curtain sign in the left scapular region
was caused by fibrous adhesions of the left lung, while
the right curtain sign was altered by a large abscess for-
mation. Multiple B-lines demonstrated regions of pulmo-
nary oedema, and fragmented pleura with Am-line chan-
ges indicated fibrotic changes in the pathologically al-
tered lungs. Other signs, such as consolidations with C-
lines, supported the diagnosis of abscessing pneumonia.
The lymph node enlargement, as seen by RATTUS, was
also indicative of antigen stimulation. Computed tomo-
graphy of the head can rule out upper respiratory tract
disease, as was performed in the presented case.
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Figure 2: The RATTUS (Rat Thoracic Ultrasound) examination of the pet rat: left axillary region, lung preset (A); left scapular region, lung preset
(B); right axillary region, thyroid preset (C); right scapular region, lung preset (D). Fragmented pleura with vertical artefacts (yellow arrow),
multimodule sign, heteroechoic, smooth hyperechoic margins, and air and fluid bronchogram (red arrow) were observed. An abnormal curtain
sign was noted in the right line, and substernally, the heart was displaced to the left by nodules in the right lung

Figure 3: Gross post-mortem images of the lung and thoracic cavity of
a rat (A), and the ventrodorsal view of the isolated lower airways (B).
The right lung is particularly affected by abscess formation (yellow ar-
row)

4|

Slovenian Veterinary Research 2026 | Vol XX No X

Figure 4: Histopathological images of a rat lung (A-D). A, Severe alte-
ration of the architecture of lung parenchyma. Presence of multiple
confluent foci of chronic purulent inflammatory reaction with forma-
tion of abscesses and pyogranulomas. HE stain, 40x; B, Marked
bronchiectasis with presence of condensed mucus and inflammatory
cells in the lumen. HE stain, 100x; C, Detail of dilated bronchiole with
purulent exudate in the lumen. HE stain, 200x; D, Oedema with nume-
rous activated alveolar macrophages. HE stain, 400x



Pathogen identification may be challenging, and some
authors recommend focusing on obtaining information to
assess disease severity and concurrent or underlying pro-
blems to establish a prognosis. By some authors, it is con-
sidered impractical for practitioners to attempt to
establish the exact aetiological diagnosis of respiratory
disease in rats, especially in cases of mycoplasmosis (5).
As other pathogens than mycoplasma may be identified
in cases of pneumonia, exact pathogen identification and
antibiotic sensitivity testing should ideally be performed
in all cases, as antimicrobial resistance is now a significant
global public health concern (16). In the presented case,
A. baumannii and A. pittii were isolated, but both Gram-
negative species belong to the Acinetobacter calcoaceti-
cus-baumannii complex (17). Acinetobacter species are
commonly found in the environment but can also cause
infections of the skin, urinary tract, and lungs in human
patients, and are also classified as nosocomial multidrug-
resistant pathogens (18). Staphylococcal infections in ro-
dents are not as common as in rabbits; however, they may
also cause respiratory tract infections in different rodent
species (19). In the presented case, bacteriological
analyses of the BAL and lung tissue specimens revealed
similar results. Therefore, BAL should also be included in
the diagnostic workup of lower respiratory disease in rats.
The results of haematological examination indicating
mostly chronic infection, as was seen in the presented ca-
ses, but can also reveal other diseases such as lymphoma
(20). Reticulocytosis in the absence of anemia may be as-
sociated with hemolysis, a recent anemia, or hypoxia (21).
Authors suggest that in the presented case it may be as-
sociated with hypoxia associated with pneumonia. High
hematocrit and red blood cell values were most probably
associated with dehydration. Serological testing is especi-
ally recommended when eliminating infected animals
and preventing reinfection; however, it may be challen-
ging as many rats are serologically positive.>. PCR testing
may be an option for pathogen identification. Although
identification of mycoplasma on conventional cultivation
media may be time-consuming, using media such as
“Chromagar” appears promising, as mycoplasma can be
cultivated within a few days. In the presented case, apart
from the detection of MPUL via PCR, PCAR was also iden-
tified. P. carinii may be transmitted airborne and can ca-
use interstitial pneumonia in rats (22). Viral infections
may act as co-pathogens and, especially in cases of active
acute or chronic infections, may aggravate the clinical
signs.

One of possible study limitations is that high-frequency
ultrasound may fail to detect or accurately characterise
very small lesions — especially those below ~0.1-0.2 mm

— because of inherent limits in spatial resolution and
shallow penetration depth. Diagnostic performance also
depends on operator experience, probe frequency and
settings, which reduces consistency and may lead to false-
negative findings in small or low-contrast lesions (8). Ne-
vertheless, as one of the signs of possible pneumonia is
fragmented pleura, which may be caused even by small
(1 mm) lesions, which create vertical artefacts, the lung
ultrasound is a very sensitive tool for detecting these ab-
normalities. Standardization of the examination (RATTUS)
enhances the final diagnostic outcomes (10). Computed
tomography of the thorax was not performed due to cli-
ent financial limitations.

Conclusions

In the presented case, the final diagnosis was chronic in-
terstitial pneumonia and pyogranulomatous bronchopne-
umonia caused by MPUL, S. aureus, and A. pittii. The rec-
ommended optimal diagnostic work-up for respiratory dis-
ease includes clinical examination, lung ultrasound, hae-
matological analysis and BAL. In this case, lung ultrasound,
particularly due to the small body size of the animal,
proved to be a quick diagnostic method and compared
with radiography, a tool with better diagnostic and prog-
nostic outcomes. Therefore, lung ultrasonography should
be part of the diagnostic work-up for thoracic pathologies,
especially when high-resolution computed tomography
imaging is not possible. As abscessing pneumonia is the
end stage of respiratory disease in rats, client discussion
and further therapeutical and prognostic options should
be discussed. Pathogen identification should include bac-
teriology as well as PCR testing. Precise pathogen analysis,
together with antibiotic sensitivity testing, helps the prac-
titioner choose the optimal antibiotic and supportive care,
following guidelines for the prevention of antimicrobial re-
sistance.
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