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Skin Biopsy is Predictive of Outcome in Experimental Sepsis by Multidrug-
Resistant Pseudomonas aeruginosa 
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Abstract: To evaluate whether histological findings of skin in sepsis by Pseudomonas aeruginosa could be a predictive 

factor of progression to death, histological alterations after challenge by one multidrug-resistant isolate were studied in 24 

rabbits. Acute pyelonephritis was induced after ligation of the right ureter and injection of 10
8 

CFU per kg of body weight 

into the renal pelvis. Biopsy samples of skin were taken on necropsy. Mean survival of animals after bacterial challenge 

was 5.23 days. Main histological findings of skin were inflammation and swelling of dermis; thickening of endothelium; 

presence of thrombi in vessels; necrobiotic changes of the hair follicles. Serum TNF  was negatively correlated to histo-

logy of dermis and follicles. Positive correlation was found between survival and swelling of dermis. It is concluded that 

prolongation of survival was accompanied by intense edema of the dermis. A punch skin biopsy might be a predictive fac-

tor of sepsis outcome. 
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INTRODUCTION 

 Pseudomonas aeruginosa is a common pathogen that is 
involved in nosocomial sepsis and is often characterized 
nowadays by multidrug-resistance [1]. It is associated with a 
poor prognosis despite continuous improvements in intensive 
care medicine and antibiotic therapy. Alterations of skin and 
its vasculature are important in the phenomenon of sepsis. It 
has been shown previously [2] that sepsis following 
multidrug-resistant P. aeruginosa infection is correlated with 
prolonged survival and greater inflammatory response in the 
dermis compared to infection by susceptible P. aeruginosa. 
As these cutaneous alterations could predict time interval to 
death, a single punch skin biopsy might be of value. 

 The present study focused on the presence of changes of 
epidermis, dermis, subcutaneous tissue, cutaneous vascula-
ture and hair follicles following challenge by multidrug-
resistant P. aeruginosa. Principal aim was to assess these 
cutaneous alterations in relation to survival of experimental 
animals as well as to define whether a punch skin biopsy 
might be a significant indicator of progression to death. 

ANIMALS AND METHODOLOGY 

Animals 

 A total of 24 white New Zealand male rabbits of a mean 
(± SD) weight of 3.29 ± 0.41 kgr were included in the study. 
The study received a permit from the Veterinary Directorate 
of the Perfecture of Athens, according to Greek legislation, 
in conformity to the Council Directive of the European Un-
ion. Animals were housed individually in metal cages and  
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had access to tap water and standard balanced rabbit chow ad 
libitum. Room temperature ranged between 18 and 22

0
C, 

relative humidity between 55 and 65% and the light-dark 
cycle was 12 hours (lights on at 6 am and off at 6 pm). Rab-
bits were selected for the study because of the easiness to 
induce experimental sepsis resembling the stages of human 
sepsis [3]. 

Bacterial Isolate 

 One multidrug-resistant isolate of P. aeruginosa derived 
from the blood of a patient with severe nosocomial sepsis 
was applied. Multidrug-resistance of the test isolate was as-
sessed after estimation of minimal inhibitory concentrations 
(MICs) of ticarcillin-clavulanate, piperacillin, ceftazidime, 
imipenem, meropenem, ciprofloxacin and amikacin by a 
microdilution technique according to clinical and laboratory 
standards institute [4]. MICs of the above antimicrobials 
were >256/2, >128, 16, 16, 16, >128 and >256 μg/ml respec-
tively. 

Study Design 

 Acute pyelonephritis was induced as described previ-
ously [3, 5, 6]. Animals were initially sedated by the intra-
muscular injection of 25mg/kg of ketamine and 5mg of xy-
lazine per kg. Anesthesia was maintained by the intramuscu-
lar administration of 15mg/kg of xylazine at 30-min time 
intervals. The peritoneal cavity was entered through an upper 
midline abdominal incision and the intestines were displaced 
to the left. The right ureter was recognized and ligated with a 
3.0 suture just below the pelvis. A total of 10

8 
CFU of the P. 

aeruginosa isolate per kg in a volume of 0.1 ml was injected 
into the renal pelvis, proximal to the suture, with a 26-gauge 
needle. The peritoneal cavity and the abdominal wall were 
then closed by layers. 
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 Survival of animals was recorded each 12 h for a total 
period of follow-up of 21 days. Blood samples were col-
lected after venipuncture of the right ear vein at 24 and 48 
hours for estimation of tumour necrosis factor-alpha (TNF ). 
Necropsy was performed after death; biopsy samples of 3 
cm

3 
of skin and its appendages were taken by simple incision 

from the dorsal surface of the left femoral area by all ani-
mals. Animals that remained alive after 21 days of follow-up 
were killed by the intravenous administration of sodium 
thiopental. Cutaneous biopsies were taken on necropsy, as 
described above. 

Histology 

 Tissue samples were fixed in neutral buffered formalin, 
embedded in paraffin wax, sectioned and stained with hema-
toxylin and eosin. Tissue sections were examined by two 
separate expert pathologists. Each tissue section was scored 
by a qualitative climax ranging between 0 and 3: (absent: 0, 
mild: 1, moderate: 2, intense: 3) according to the experience 
of the pathologists concerning the following elements of 
epidermis, dermis and subcutaneous tissue. 

 Epidermis: necrobiotic elements and presence of necrosis 
and/or erosion; dermis: infiltration by neutrophils and 
edema; vessels of dermis or subcutaneous tissue: eosino-
philic degeneration, thickening of endothelium, extravasa-
tion of red cells, presence of thrombi in vessels and inflam-
matory cells; hair follicles of dermis or subcutaneous tissue: 
necrobiotic changes, necrosis, acantholytic cells within the 
follicular wall and dyskeratotic cells. 

Estimation of Serum Levels of TNF  

 lood samples were centrifuged and serum was kept re-
frigerated at -70

0
C until assayed. TNF  was measured by a 

bioassay on L929 fibrosarcoma cell line, as already des-
cribed [6]. Briefly, confluent cells were thoroughly washed 
with Hank’s solution and harvested with 0.25% thryp-
sin/0.02% EDTA (Biochrom AG, Berlin, Germany). Cells 
were centrifuged, re-suspended in RMPI 1640 supplemented 
with 10% Fetal Bovine Serum and 2mM of glutamine (Bio-
chrom AG) and distributed into a 96-well cell culture plate at 
a density of 1x10

5
 cells/well. The final volume of fluid into 

each well was 0.05ml. After incubation for 2-3 hours at 37
0
C 

with 5% CO2, 0.06 ml of serum or of standard dilutions of 
known concentrations of human TNF  (Sigma, range 5.75-
375.00 pg/ml) were added into each well followed by 0.05 
ml of a 0.3mg/ml dilution of cycloheximide (Sigma). Incuba-
tion continued over-night; then the supernatant of each well 
was discarded by aspiration and 0.1 ml of a 0.5mg/ml meth-
ylene blue solution in methanol 99% was added. After ten 
minutes, the dye was removed and wells were thoroughly 
washed three times with 0.9% sodium chloride. Wells were 
left to dry and remnants of the dye in each well became 
soluble by the addition of 0.1ml of 50% glacial acetic acid 
(Merck, Darmstadt, Germany). Optical density in each well 
was read at 495nm (Hitachi Spectophotometer, Tokyo, Ja-
pan) against blank wells and control wells without added 
serum. Concentrations of TNF  were estimated by the reduc-
tion of the optical density of control wells by unknown sam-
ples applying a standard curve generated by standard con-
centrations. All determinations were performed in quadrupli-
cate. The inter-day variation of the assay was 13.75%. 

Statistical Analysis 

 Results were expressed by their means ± standard errors 
(SE). Comparisons were performed by ANOVA; values 
were adjusted according to Bonferroni to avoid any random 
correlation. Survival was estimated by Kaplan-Meier analy-
sis. Any value of p equal to or below 0.05 was considered as 
significant. Correlations between parameters were performed 
according to Spearman’s rank of order. 

RESULTS 

 Over the 21-day follow-up, death occurred in 22 animals 
(mortality 91.67%); mean ± SE survival was 5.23 ± 1.06 
days. 

 No macroscopic skin alterations were observed in any 
animal during necropsy. Histopathological findings of the 
dermis drawn on necropsy from animals challenged by 
multidrug-resistant P. aeruginosa isolate was more signifi-
cant than the epidermal alterations. Mean ± SE total histo-
logy score of dermis was 4.41 ± 0.62, while mean ± SE total 
histology score of epidermis was 0.08 ± 0.08 (p<0.0001). 
Main histological findings of dermis after bacterial challenge 
were inflammation and edema; mean values ± SE were 0.37 
± 0.13 and 0.83 ± 0.15 respectively. Statistically lower his-
tology scores were found for findings of hair follicles after 
bacterial challenge compared to edema of the dermis (p: 
0.047) and pathologic lesions of vessels (p: 0.007) respec-
tively. Moreover, a significant positive correlation was found 
between edema of the dermis and survival time of rabbits. 

 Both rabbits that survived had edema of the dermis 
graded as 1; mean ± SE for those who died was 0.81 ± 0.17. 
Indicative pathologic lesions of vessels and hair follicles and 
inflammation in the dermis of rabbits challenged by the test 
isolate are shown in Fig. (1). 

 Mean ± SE TNF  at 24 hours was 47.78 ± 27.63 pg/ml; 
respective values at 48 hours were 120.30 ± 62.18 pg/ml. 
Negative correlations were found between serum concentra-
tions of TNF  at 24 hours and total histology score of dermis 
(rs: -0.600, p: 0.049), as well as between serum concentra-
tions of TNF  at 24 hours and histology score of follicles (rs: 
-0.733, p: 0.010). No correlation was found between serum 
TNF  at 24 hours and survival (rs: -0.030, pNS) as well as 
between serum TNF  at 48 hours and survival (rs: -0.123, 
pNS). 

DISCUSSION 

 P. aeruginosa infection can produce a wide array of 
manifestations involving skin and soft tissue. Cutaneous in-
fections caused by P. aeruginosa can cover a clinical wide 
spectrum of pathologic entities, ranging from localized skin 
lesions to extensive skin involvement indicative of poten-
tially life-threatening sepsis in immunocompromised and 
severely ill patients [7-9]. P. aeruginosa constitutes a com-
mon cause of nosocomial sepsis in Intensive Care Units [10]. 
Pathogens are often multidrug-resistant; their incidence is 
continuously increasing [11]. The purpose of the present 
study was to investigate the presence of alterations of the 
epidermis, dermis and subcutaneous tissue in the setting of 
experimental sepsis and to correlate these findings with the  
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b) 
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d) 

 

e) 

 

Fig. (1). Histologic findings in skin of rabbits challenged by multidrug-resistant Pseudomonas aeruginosa at death: a) Vessels with thicken-

ing of endothelium in the dermis; b) Inflammation and mild edema of the dermis; c) Presence of dyskeratotic cells of hair follicles in the 

dermis; d) Vessel with the presence of thrombi in the dermis; e) Normal skin histology from a healthy rabbit. 
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overall survival after bacterial challenge by multidrug-
resistant P. aeruginosa isolate. Therefore, it might be possi-
ble to know if a punch biopsy of the skin constitutes a sig-
nificant predictive marker of sepsis outcome. 

 The applied model of sepsis was lethal, as shown by the 
almost absolute mortality rates of animals challenged by the 
test isolate. The histological findings of skin after bacterial 
challenge were inflammation and edema of the dermis, 
thickening of vascular endothelium and infiltration of the 
vessel wall and lumen by polymorphonuclear leukocytes, 
extravasation of red blood cells, presence of thrombi in ves-
sels, presence of acantholytic-like cells within the wall of the 
hair follicles and dyskeratotic cells (Fig. 1). Animals had 
more pathological findings in the dermis than those in the 
epidermis. Edema of the dermis and pathologic lesions of 
vessels were accompanied by significant pathological find-
ings of hair follicles. Prolongation of survival was accompa-
nied by significant pathological findings in the dermis and 
particularly by intense edema. 

 There is no other study showing correlation between 
edema of the dermis and the time interval to death. A previ-
ous study with smaller number of rabbits revealed that sys-
temic infection by multidrug-resistant P. aeruginosa was 
associated with prolonged survival and generated a greater 
inflammatory response in the dermis and subcutaneous tissue 
compared to susceptible P. aeruginosa [2]. There is another 
study in animal models which suggests that the skin lesions 
in Pseudomonas sepsis are initiated at the capillary level, 
with transmural centripetal arterial or venous infiltration 
rather than direct hematogenous initimal invasion. Tissue 
necrosis and hemorrhage would then be the result of bacte-
rial injury and toxin release rather than of vascular obstruc-
tion [12]. 

 There have been some reports on the histological find-
ings of cutaneous lesions by punch biopsy in sepsis by P. 
aeruginosa, but there is no correlation of those with the evo-
lution of sepsis after bacterial challenge or with the survival 
time. These findings were characterized by a necrotizing and 
hemorrhagic vasculitis of venules and arterioles without in-
timal damage [13], occasional thrombosis of dermal vessels, 
scarce inflammatory infiltrate [14], extravasation of red 
blood cells [15], and in some cases, mild necrosis of epider-
mis and moderate infarction of dermis [16]. Although, the 
histological findings of systemic infection by P. aeruginosa 
in the present study were similar to those reported by case-
reports in humans, no study exists on the pathological altera-
tions of the skin of the non-immunocompromised human 
host with sepsis by multidrug-resistant isolates. Moreover, 
intense edema of the dermis was described as a salient fea-
ture of sepsis by P. aeruginosa which was not described be-
fore. Although the presented results may propose that a 
punch skin biopsy could be helpful diagnostically regarding 
the severity of sepsis and progression to death, no data are 
available whether similar histological alterations may super-
vene in sepsis induced by other Gram-negative pathogens. 

 Negative correlation was detected between serum levels 
of TNF  and the extent of histological findings. This might 
be consistent with previous observations of our study group 
revealing lower concentrations of TNF  for animals with 
prolonged survival in experimental sepsis [17], as well as 

with the assumption that prolonged survival is mandatory for 
skin alterations to emerge. 

CONCLUSION 

 The presented experimental model revealed that systemic 
infection by multidrug-resistant P. aeruginosa associated 
with significant edema of the dermis was accompanied by 
considerable prolongation of survival; punch skin biopsy 
might be a significant predictive factor of sepsis outcome. 
Therefore, further studies must be conducted to clarify the 
clinical relevance of these findings. 
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