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Vascular changes referred to as Pseudomonas vasculitis have 
been known for many years in humans. The vascular injury 
occurs in arteries and veins and appears to be pathognomonic of 
Pseudomonas infections (Hitschmann & Kreibich 1897, Fraenkel 
1906, 1912, 1922, Geppert et al. 1953, Markley et al. 1957, Forkner 
et al. 1958, Curtin et al. 1961, Margairetten et al. 1961, Rabin et al. 
1961, Teplitz et al. 1964b, Teplitz 1965). The alterations in the 
vascular walls are characterized by pronounced basophilia caused 
by massive mural infiltration of bacteria and almost total necro­
sis of the vessel walls. The vascular lesions are unaccompanied 
by intramural inflammatory reaction, and the surrounding tissue 
is submitted to a hemorrhagic necrosis, while a distinct inflam­
matory response is usually absent. In the perivascular tissue a 
massive Gram-negative bacillary accumulation occurs, but bac­
teria are not ordinarily present intraluminally in contrast to 
septic emboli to other bacteria. 

Pseudomonas infections accompanied by these characteristic 
vascular lesions occur in humans especi'ally in gangrenous skin 
lesions (ecthyma gangraenosum), infected burn wounds and in 
patients suffering from leucemia who have been treated with 
steroids and antimetabolites (Forkner et al., Margaretten et al., 
Teplitz ). The vascular damage is present in the primary site of 
infection as well as in metastatic visceral lesions though they 
occur more constantly in the primary location (Teplitz et al. 1963, 
dted by Teplitz 1965). Metas.tatic processes of macroscopic size 
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may occur in any organs but are frequently present in the lungs 
as subpleural, circumscribed infarct-like nodules (Forkner et al., 
Curtin et al., Rabin et al., Teplitz). 

There seem to exist some obscurity and discrepancy as to the 
pathogenesis of the vascular alterations. Thus Margaretten et al. 
state that the vessel damage precedes the hemorrhagic necrosis 
after bacterial invasion of the vessel walls, while Teplitz claims 
that metastatic septic lesions a·re initiated at the capillary level 
and that massive transmural bacterial infiltration of the arteries 
and veins occurs centripetally from the necrotic perivascular 
tissue. According to the latter author the accompanying hemor­
rhagic necrosis in the surrounding tissue is rather attributable 
to a direct toxic effect of the bacilli than to the vasculitis per se. 

In the present paper Pseudomonas vasculiilis in pulmonary 
lesions in mink is described. 

MATERIAL AND METHODS 
The material was obtained from two outbreaks of Pseudo­

monas septicemia, the first known outbreak in Norway, which 
occurred in 1960, and the most serious outbreak in 1965, when 
4000 animals died (25 % of the total number of animals). The 
last outbreak is bri.efly described in another paper (Kyrkjeb¢ & 
Nordstoga 1968). As the macroscopic lesions are reported else­
where and also closely corresponded to the descriptions given 
by others (Knox 1953, Trautwein et al. 1962, Haagsma & Pere­
boom 1965), the gross pathologic findings will not be reviewed 
here. The investigation comprises 46 animals, 20 from the first 
outbreak and 26 from the last one. The microscopic examination 
was conducted on formalin-fixed pieces of tissue, and the sections 
were stained with hematoxylin-eosin CH&E), van Gieson, phos­
photungstic acid hematoxylin (PTAH), Lendrum's acid picro­
Mallory method, Gram, methylene blue and a modified Giemsa 
method (Teplitz et al. 1964b). 

RESULTS 
Lungs. No inflammatory changes were observed in peracute 

cases, and the bloody macroscopic appearance was due exclu­
sively to hemorrhagic necrosis. The epithelium of smaller bron­
chia was partly desquamated and necrotic, while the walls of 
the greater bronchia, as the only structures, were intact. Bacilli 
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F i g u r e 1. Bacilli within septal capillaries. Methylene blue, x 400. 

F i g u r e 2. Necrosis ot the vascular walls with mural bacillary 
accumulation and evident inflammatory response. Modified Giemsa 

stain, X 80. 
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were present in these peracute cases too, but by far not so num­
erous as in the instances where an inflammatory response was 
evident. I.n these latter cases the lung tissue contained myriads 
of bacteria. The rodshaped bacteria were in the incipient stage 
of involvement only demonstrated within the septal capillaries 
(Fig. 1). In H&E-stained sections the vascular walls and peri­
vascular parenchyma showed an intense basophilia due to densely 
packed bacteria. The perivascular accumulations of bacteria 
seemed sometimes to be localized within delicate spaces, but 
us.ing routine technique it was impossible to decide whether these 
spaces were lymphatics or artifacts. In later stages of develop­
ment neutrophilic infiltrations constantly occurred, sometimes 
showing a slight tendency to circumferential perivascular arran­
gement (Fig. 2). The vascular walls were necrotic, and in several 
ves·sels an almost total transmural bacillary penetration was 
observed. However, tunica elastica interna frequently appeared 
intact, and the lack of intravascular location of bacilli was ob­
vious both in these and in less damaged vessel.s (Fig. 3). In later 
developmental stages the exudate constantly contained fibrin. 
Fibrin stained material was only occasionally observed in the 
walls of damaged ves-sels, and thrombosed vessels were a rarity. 
Scattered polymorphonuclear leucocytes adhering the intimal sur­
face were occasionally observed, but bacteria could not be made 
visible inside these cells, and migration through the vascular 
endotheHum could not be demonstrated. 

Extrapulmonary changes. Distinct vascular changes were not 
found outside the lungs, nor were thrombi demonstrated in other 
organs. Congestion, hemorrhages and rods were found in various 
organs, but contrary to lung lesions, an inflammatory response 
was absent. Edematous transudations were sometimes seen in 
the heart muscle. 

DISCUSSION 
The pulmonary lesions accompanying Pseudomonas septice­

mia in mink start as a hemorrhagic necrosis of the lung tissue 
and develop rapidly to a hemorrhagic and fibrinous pneumonia. 
This pulmonary lesions i1s hardly compatible to any known pneu­
monia in other animals. 

The pathogenesis as to the development of the pulmonary 
alterations cannot be fully elucidated by studying the histologic 
pattern. It has been difficult in experimental work to induce 
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Pseudomonas septicemia by other modes of transmission than 
by aerogenous exposure (Kull 1965). It seems a likely assump­
tion that in any way the peracute cases presented in this material 
were caused by an aerogenous infection followed by septicemia. 
However, the bacilli primarily appeared in septal capillaries in 
some cases which were considered to be less acute, and in these 
instances a hemafogenous infection may possibly have occurred. 
Further, it seems likely to assume that the two Pseudomonas 
strains represented in the material under discussion were rather 
different in their pathogenic properties since the peracute necro­
tic and hemorrhagic pulmonary injury without any inflammatory 
response preferentially occurred in the second outbreak, while the 
characteristic Pseudomonas vasculitis was noted only in the first 
instance. The clinical manifestations and, as already mentioned, 
most experimental studies indicate an aerogenous infection 
(Trautwein et al. 1962, Kull), though septicemia has also been 
induced in other ways (Knox 1953, Trautwein et al.). Also from 
studying the microscopic pulmonary lesions, an aerogenous as 
well as hematogenous bacterial entrance seems possible, perhaps 
depending on the virulence or other differences between the 
strains of bacteria. Some dissimilarities in the his.topathologic 
pattern from other descriptions (Knox, Trautwein et al.) may 
also possibly indicate that the microscopic pulmonary lesions 
partly depend on the strains. Under any circumstance, it seems 
a likely assumption that the lungs act as target organs in Pseudo­
monas septicemia in mink, contrary to what is the case in hu­
mans and laboratory animals, where the pulmonary lesions 
usually occur as metastatic processes following a septicopyernic 
condition. 

The leucocytic reaction in pulmonary lesions accompanying 
some cases of Pseudomonas septicemia in mink is possibly more 
evident than in other species as judged from available descrip­
tions., where the changes are frequently referred to as hemor­
rhagic necrosis without any inflammatory response. 

In experimental Pseudomonas infections in rats it has been 
shown that initially a peripheral leuoocytosis occurs followed by 
a diminution of the cin-culating leucocytes due to a maturation 
arrest of marrow neutrophils (Teplitz et al. 1964a). However, all 
ins.tances included in the present material must obviously be 
regarded as acute cases, and thus the distinct leucocytic reaction 
observed in some animals does not necessarily indicate a different 
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mode of reaction in min-k than in other species. The perrivascular 
leucocytic accumulations demonstrated in some lung sections 
may rather be interpreted as caused by positive chemotaxis than 
as a consequence of local emigration of leucocytes through the 
vessel waUs. As a conclusion it must be emphasized that the 
pulmonary lesions observed in the present material do not in­
dicate that the characteristic vascular alterations accompanying 
Pseudomonas infections precede the injury in the surrounding 
tissue. The pulmonary lesions. are more reasonably attributable 
to a direct toxic effect of bacilli as claimed by Teplitz (1965), 
rather than to the vasculitis. The microscopic findings do not 
indicate that disseminated intravascular coagulation plays any 
role in the development of pulmonary lesions in mink in contrast 
to what is seen in cases of Pseudomonas infection in humans 
(McKay 1965) . 
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SUMMARY 
Pulmonary lesions associated with Pseudomonas infections in 

mink were studied histologically. In peracute cases the injury consisted 
of hemorrhagic necrosis of the lung tissue. In later stages of pro­
gression the widespread hemorrhagic necrosis was followed by leuco­
cytic infiltration and exudation of fibrin. These latter changes also 
included classic Pseudomonas vasculitis such as this vascular lesion 
is described in humans and some laboratory animals. 

ZUSAMMENFASSUNG 
Pseudomonas-Inf ektion bei Nerzen im besonderen Hinblick au( Pseu­

domonas-Vaskulitis bei den Lungenveriinderungen. 
Die Lungenveranderungen im Anschluss an eine Pseudomonas­

lnfektion bei Nerze wurden histologisch untersucht. Die Verlinderun­
gen zeigten sich in perakutten Fallen als hlimorrhagische Nekrosen 
im Luugengewebe. In einigen spliteren Stadien entstanden reaktive 
Entziindungsprozesse mit einer Infiltration von Leukozyten sowie 
Exudation von Fibrin im Lungengewebe. Diese letzteren Verlinderun­
gen umfassten ausserdem klassische Pseudomonas-Vaskulitis ent­
sprechend dem Gefassleiden, welches bei Menschen und einzelnen 
Versuchstieren beschrieben worden ist. 
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SAMMENDRAG 

Pseudomonas-inf eksjon hos mink med spesielt henblikk pd Pseudo­
monas-vaskulitt i lunge{ orandringene. 

Lungeforandringene i forbindelse med Pseudomonas-infeksjon 
hos mink er unders,.Skt histologisk. Forandringene besto i perakutte 
tilfeller av hemorrhagisk nekrose av lungevevet. I noe senere stadier 
oppsto det reaktive betennelsesprosesser med infiltrasjon av leuco­
cytter og eksudasjon av fibrin i lungevevet. Disse siste forandringene 
omfattet ogsa klassisk Pseudomonas-vaskulitt slik denne karskade er 
beskrevet hos menneske og enkelte fors,.Sksdyr. 

(Received November 21, 1967). 



Figure 3. Necrotic vessel wall and intramural infiltration of 
bacteria. Note intact endothelium and absence of bacilli intra­

luminally. Methylene blue, x 110. 






