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Brief Report

Septicemia, or systemic bacterial infection (SBI), is charac-
terized by viable bacteria in the bloodstream (bacteremia) 
and is one of the most common causes of sepsis in humans 
and companion animals.2,9,20 Sepsis is the clinical syndrome 
associated with the systemic and often dysregulated inflam-
matory response to disseminated infection.3,9,10,15,18 Although 
significant advances have been made in the understanding of 
its pathophysiology and clinical management, sepsis contin-
ues to be a major medical emergency and one of the leading 
causes of multisystem organ dysfunction and death in the 
United States.10,20 Although the true incidence of sepsis 
remains poorly known in veterinary medicine, it is a com-
mon and life-threatening disorder of dogs and cats,3,8,14,22 
with mortality rates reportedly of 20–50%.8,22

One of the main complications of SBI and sepsis is multi-
system organ dysfunction with or without involvement of the 
central nervous system (CNS).2,15 In humans, bacterial infec-
tions of the CNS are less common but more clinically devas-
tating and lethal than bacterial infection in other organs, even 
if caused by the same bacterial organism.4 Bacteria can reach 
the CNS through the bloodstream as part of septicemia or fol-
lowing thromboembolism from extraneural lesions, such as 
valvular endocarditis.4 Sepsis associated encephalopathy 
(SAE) affects nearly one-third of patients, leading to altered 
mental status (delirium and coma) and increased mortality.13,16 
Patients who survive SAE often experience long-term and 
often disabling cognitive deficits, including decreased mem-
ory, learning, and visual abilities.16

The neuropathology of SBI in dogs is poorly character-
ized. Here we describe the neuropathology, diagnostic fea-
tures, associated extraneural lesions, and most common 
causes of SBI in a retrospective series of 28 dogs autopsied 
at the Athens Veterinary Diagnostic Laboratory (AVDL; Uni-
versity of Georgia, Athens, GA, UGA).

We searched the Web-based archives of the AVDL for 
autopsy cases of dogs with a confirmed diagnosis of sepsis 
and neurologic involvement between 2010 and 2020 using 
the search terms sepsis, septicemia, meningitis, encephalitis, 
meningoencephalitis, myelitis, meningomyelitis, meningo-
encephalomyelitis, and vasculitis. Retrieved cases in which 
systemic lesions of sepsis were reportedly associated with 
CNS inflammation underwent further evaluation. Archived 
histology slides were examined independently by both 
authors, and we included cases in which representative tissue 
sections of brain (telencephalon, brainstem, cerebellum) 
were available. The signalment, clinical signs, pathologic 
findings, and diagnosis were retrieved from the submission 
forms and autopsy reports.
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Neuropathologic changes associated with 
systemic bacterial infection in 28 dogs
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Abstract. Although systemic bacterial infection (SBI) is a common cause of sepsis and death in dogs, the neuropathology 
of canine SBI has been poorly characterized. Here we describe the neuropathologic features of SBI in a retrospective series 
of 28 dogs. The mean age of affected dogs was 5.5 y, and there was no sex or breed predisposition. Gross lesions in the brain 
were reported in 13 cases (46%) and consisted mainly of leptomeningeal hemorrhages in 10 of these cases (77%). Associated 
extraneural lesions included suppurative mitral valve endocarditis (12 cases; 43%) and pneumonia (10 cases; 36%). The main 
neurohistologic findings were neutrophilic (suppurative) and/or fibrinous meningoencephalitis with hemorrhage, vasculitis, 
thrombosis, and neuronal necrosis. Intralesional bacteria were observed in neutrophils or macrophages in 10 cases (77%). The 
putative primary site of infection was determined in 16 cases (57%) and consisted of pneumonia (6 cases; 38%), pyelonephritis 
(4 cases; 25%), and skin lesions (3 cases; 19%). Bacterial culture of fresh or frozen tissue samples yielded bacterial growth in 26 
cases (93%), including Streptococcus canis (6 cases; 23%), Escherichia coli (4 cases; 15%), and Staphylococcus intermedius 
(3 cases; 12%).
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We assessed neuropathologic changes according to the 
methods used in a previous study.17 The distribution of 
inflammatory and degenerative neuropathologic changes 
was recorded according to their neuroanatomic localization 
as telencephalon, brainstem, or cerebellum. Perivascular 
inflammation was characterized as neutrophilic (suppura-
tive), lymphoplasmacytic, or mixed (neutrophils, macro-
phages, lymphocytes, plasma cells). The location of the 
perivascular inflammation was recorded as leptomeningeal, 
neuroparenchymal (gray or white matter), choroid plexus, or 
ventricular (ependyma and/or lumen). Other examined find-
ings included the presence or absence of vasculitis (with or 
without fibrinoid change), thrombosis, hemorrhage, neuro-
nal necrosis (neurons with shrunken and hypereosinophilic 
cytoplasm and pyknotic nuclei), focal neuroparenchymal 
necrosis (clusters of foamy macrophages infiltrating the 
neuroparenchyma), gliosis, and neuroparenchymal spongio-
sis (interpreted as edema).The presence of intralesional bac-
teria was assessed using H&E-stained or Gram-stained 
tissue sections of brain.

We found 250 cases of suspect sepsis in dogs in the 
searched period and selected 28 confirmed cases of sepsis 
with CNS involvement (Suppl. Tables 1, 2). A pathology 
diagnosis was achieved in all cases based on histologic 
evidence of systemic inflammation and intralesional bac-
teria with confirmation by bacterial culture in 26 cases 
(93%). In all cases, neuropathologic changes were reported 
in the brain. Spinal cord had not been collected during 
autopsy. Affected dogs were 3-d to 16-y-old (x ̄ = 5.5-y-
old). Females and males were affected in 10 and 18 cases, 
respectively, with no evident breed predisposition. Clinical 
signs varied greatly, depending on the degree of systemic 
compromise and/or CNS lesions, and included depression, 
seizures, and recumbency (Suppl. Table 1). Affected dogs 
died in 17 cases (61%) and were euthanized in 11 cases 
(39%).

Gross lesions in the brain were reported in 13 cases (46%) 
and consisted mainly of random leptomeningeal hemor-
rhages (Fig. 1) in 10 cases (77%) and neuroparenchymal 
necrosis with hemorrhage, ventricular hemorrhage, and ven-
tricular empyema in 1 case each (8%). The extraneural 
lesions associated most commonly in all 28 cases included 
suppurative mitral valve endocarditis (12 cases; 43%), pneu-
monia (10 cases; 36%), suppurative myocarditis (7 cases; 
25%), splenic infarcts (6 cases; 21%), and acute pyelonephri-
tis (4 cases; 14%).

The primary source of infection was putatively identified 
in 16 of the 28 cases (57%) and consisted mainly of pneumo-
nia (6 cases; 38%), acute pyelonephritis (4 cases; 25%), and 
skin lesions (3 cases; 19%). The main causes of the septice-
mia and neuropathologic changes were confirmed by bacte-
rial culture of fresh or frozen tissue samples in 26 cases 
(93%), and included Streptococcus canis (6 cases; 23%), 
Escherichia coli (4 cases; 15%), and Staphylococcus inter-
medius (3 cases; 12%).

Neurohistologic changes (Suppl. Table 3) occurred pre-
dominantly in the telencephalon (21 cases; 75%) and less 
often in the telencephalon and cerebellum (5 cases; 18%), tel-
encephalon and brainstem (1 case; 4%), and cerebellum and 
brainstem (1 case; 4%). The overall intensity of the lesions 
was higher in the cerebral cortex, subcortical white matter, 
and basal nuclei, and lower in the brainstem and cerebellum. 
Briefly, lesions consisted of perivascular accumulations of 
neutrophils or a mixture of neutrophils and macrophages with 
fewer lymphocytes and plasma cells that were often associ-
ated with abundant fibrin exudation. Neuroinflammatory 
changes (Figs. 2, 3) occurred in the leptomeninges (24 cases; 
86%) and throughout the gray matter (22 cases; 78%), white 
matter (18 cases; 64%), and less often in the choroid plexus (8 
cases; 28%) or ependyma (3 cases; 11%).

Vascular changes included perivascular hemorrhage, which 
was observed in 20 cases (71%) and occurred predominantly 
in the leptomeninges in 16 cases (80%) followed by gray mat-
ter in 13 cases (65%) and white matter in 11 cases (55%). 
Vasculitis (14 cases; 50%) was characterized by arteriolar or 
venular wall infiltration by neutrophils and macrophages (Fig. 
4) with vascular wall disruption as a result of fibrinoid change 
(Fig. 5). Thrombosis (6 cases; 21%) occurred mainly in lepto-
meningeal and superficial telencephalic cortical vessels (Fig. 
6). Perivascular inflammation often extended into the immedi-
ately adjacent neuroparenchyma.

Neuroinflammatory and vascular changes were often 
accompanied by neuronal necrosis (Fig. 7) in 10 cases (36%), 
parenchymal necrosis with infiltration by neutrophils and 
foamy macrophages (Fig. 8) in 4 cases (14%), and variable 
degrees of gliosis in 11 cases (39%) and neuroparenchymal 
spongiosis in 7 cases (25%). In addition, dog 13 had an 
extensive area of hemorrhage that effaced the left lateral ven-
tricle, and dog 16 had 2 abscesses in the left frontal and 
occipital telencephalic lobes. Intralesional bacteria (Figs. 9, 
10) were observed within neutrophils or macrophages around 
blood vessels using H&E-stained tissue sections (8 cases; 
28%) and Gram stain (10 cases; 36%). Intralesional bacteria 
were not observed in 18 cases.

Bacterial infection of the CNS in humans and small ani-
mals may occur as part of systemic bacteremia or when bacte-
rial thromboemboli originating in other organs lodge in the 
encephalic microcirculation and spread into the adjacent neu-
roparenchyma.4,21 In humans, CNS complications are an 
important cause of death from bacterial valvular endocarditis,4 
which was reported in nearly 43% of our cases.

Multisystem organ dysfunction associated with sepsis 
occurs following tissue hypoperfusion caused by systemic 
and a dysregulated inflammatory response to infection.6 The 
underlying mechanisms associated with the clinical signs 
and long-term cognitive decline during and post-sepsis in 
human patients have not been completely elucidated, but the 
neuropathologic changes in septic patients have been attrib-
uted to a combination of neuroinflammation, ischemia, and 
excitotoxicity.13 Inflammation has been associated with 
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Figures 1–6.  Neuropathology of sepsis in dogs. Figure 1. Extensive leptomeningeal hemorrhages in the frontal and parietal 
telencephalic lobes; case 25. Figure 2. Extensive perivascular accumulations of neutrophils, fibrin, and hemorrhage expand the telencephalic 
leptomeninges; case 4. Thrombi (arrowheads) are also present. H&E. Figure 3. Clusters of neutrophils, fibrin, and hemorrhage partially 
efface a blood vessel and expand the perivascular space in the telencephalic gray matter; case 4. H&E. Figure 4. Inflammatory cells infiltrate 
the walls of 2 small arterioles, which are surrounded by fibrin; case 18. H&E. Figure 5. A venular wall is expanded and effaced by fibrinoid 
change; case 8. H&E. Figure 6. A neuroparenchymal blood vessel is occluded by a fibrin thrombus and surrounded by inflammatory cells 
and hemorrhage; case 21. H&E.
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endothelial cell injury, microglial activation, and oxidative 
injury within hours of the onset of experimentally induced 
sepsis in rats and nonhuman primates.1,11,12 Endothelial cell 
injury and impairment of the microvascular circulation leads 
to neuroparenchymal influx of neutrophils, as well as hemor-
rhagic and ischemic lesions in the brain.6,13 All of the cases in 
our study had considerable neutrophilic inflammation and 
hemorrhagic changes in the brain, which could account for 
the development of the reported clinical signs in the affected 
dogs. In addition, direct evidence of endothelial injury (vas-
culitis) and ischemia (neuronal or parenchymal necrosis) 
were observed, suggesting that mechanisms for the develop-
ment of neuropathologic changes of sepsis in dogs may be 
similar to those in humans. The neuropathologic changes in 
our cases were consistent with other reports of acute CNS 
infections in dogs.21

In humans, cerebral microinfarcts have been consis-
tently found in septic patients, confirming the role of isch-
emia in the development of cognitive impairment in 
individuals who survive hospitalization for sepsis.6 Cere-
bral microinfarcts are characterized by well-demarcated 
microscopic areas of neuroparenchymal necrosis (usually 
<3-mm diameter) that result from microvascular injury.19 In 
our cases, neuroparenchymal necrosis consistent with 
microinfarcts were observed in only 4 cases, which sug-
gests that these lesions may not be an important feature of 
sepsis in dogs, at least during acute neuroinflammation. 
Alternatively, the low number of cases with microinfarcts 
in our study may reflect the relatively low number of 3–5 
brain tissue sections examined in each case. Further studies 
with dogs that survive sepsis may shed light on the role of 
microinfarcts in the post-hospitalization period.

Figures 7–10.  Neuropathology of sepsis in dogs. Figure 7. Necrotic neurons and scattered neutrophils in the telencephalic cortex; case 
25. Inset: closer view of a necrotic neuron (left) compared to a normal neuron (right). H&E. Figure 8. An area of parenchymal necrosis in the 
telencephalic cortex characterized by clusters of foamy macrophages and fewer microglia. H&E. Figure 9. Rare intralesional bacteria within 
the cytoplasm of neutrophils. Figure 10. Intralesional gram-positive cocci within the cytoplasm of neutrophils. Gram stain.
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Similar to the findings in our study, in which the most com-
mon sources of bacterial infection were pneumonia, pyelone-
phritis, and skin lesions, conditions that predispose dogs to 
sepsis include peritonitis, pancreatitis, pneumonia, pyometra, 
prostatitis, and cutaneous wound infections.3 The mortality 
rate for dogs with sepsis is usually high despite the availability 
of antimicrobial therapy and surgery in most cases.3 Severe 
clinical disease and bacteremia (confirmed via blood culture) 
have been associated with a greater chance of death than mild 
disease and negative culture results in septic dogs.5 None of 
our cases had blood culture results available at the time of 
autopsy, but 17 dogs spontaneously died and 9 were eutha-
nized because of the severity of the clinical signs, which high-
lights the progressive and lethal nature of sepsis in dogs.

Intralesional bacteria were observed in extraneural tissues 
in13 cases and in the brain in 10 cases. However, bacteria were 
challenging to visualize in the brain when compared to extra-
neural tissues. This finding is relevant because some of the 
vascular changes in these septic dogs may be similar to those 
reported in cases of steroid-responsive meningitis-arteritis, 
which can complicate the diagnosis when confirmatory testing 
is not available.7

A final diagnosis was achieved based on the pathologic 
changes associated with bacterial culture using fresh or fro-
zen tissues in 26 of our 28 cases. The most common extra-
neural lesions of sepsis in our cases included suppurative 
mitral valve endocarditis and pneumonia, which were 
observed grossly and likely prompted pathologists to submit 
tissues for bacterial culture after autopsy (mitral valve and/or 
lung were cultured in 12 cases). In addition, frozen brain tis-
sue was submitted for bacterial culture in 9 cases. Similar to 
our findings, the most common bacteria isolated from septic 
dogs include Enterobacteriaceae (including E. coli, Klebsi-
ella spp.), Streptococcus spp., and Staphylococcus spp.3
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