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Abstract
The problem of early diagnostics of bacterial complications is particularly true for children with extensive burn trauma (BT). 

Procalcitonin concentration levels considerably facilitate the diagnosis of sepsis. In all, 50 children with severe burns were included in 
our research. We conducted histological tests of the burn wound tissues from 13 patients. On comparison of the results of the PCT-tests 
with the results of the morphological investigation, we observed that the depth of the penetration of the microorganisms in the damaged 
tissues quite precisely corresponded to changes in the procalcitonin concentration.
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CLINICAL RESEARCH

Introduction

Over the last two decades, the development of burn 
treatment has led to a major decrease in mortality. Major advances 
have been made in the treatment of inhalation injury. But until the 
present, infection remains one of the basic problem of extensive 
BT [1-5].  

Despite the degree of success achieved in burn treatment, 
the mortality level remains constant during the victim’s long spell 
with severe BT. This problem is especially true for children with 
severe burns. Early diagnosis of sepsis enables us to define the 
optimum benefits of antibacterial therapy in time, which definitely 
influences the disease outcome.

Extensive BT results in the development of toxemia, if 
symptoms of systemic inflammatory response syndrome (SIRS) 
are revealed within the first few hours of the disease. The 
greatest problem is the early differential diagnoses between the 
onset of SIRS and the initial symptoms of the septic process. In 
this connection, the early diagnoses of long-term sepsis can be 
determined by a complex of clinical criteria, microbiological 
research and laboratory parameters which are not always done 
quickly, objectively and unequivocally, to estimate the degree 
and activity of infectious onset, to be able to predict its current 
and outcome [6-11]. Thus, employing traditional criteria is not 
completely sufficient. The search for biochemical markers which 
allows the diagnostic development of bacterial complications as 
early as possible must be the foremost step. 

In this connection, the long search for an authentic highly 
specific marker for sepsis was conducted. This marker must 
precisely reflect the degree of the process and productivity of 
the treatment. In the present stage, the procalcitonin (PCT) 
test fulfils all the listed requirements. Since its introduction in 
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clinical practice in the Western European countries from 2000, 
a real breakthrough was made in the problem of diagnostics and 
monitoring of heavy bacterial infections. PCT-test is approved by 
FDA (USA) and recommended to wide clinical application since 
2005 [12-17].

On onset of bacterial infection, a rise in the blood PCT 
concentration was observed. The PCT level rises against a 
background of systemic inflammation caused by bacterial 
infections, although the PCT concentration remains low in the 
case of inflammation caused by other factors. This was confirmed 
by later research studies. This fact promoted that the concept that 
PCT could be used as a reliable marker of a bacterial infection 
[18-21]. The common argument raised against this was the 
possible discrepancy of the PCT- test information, in the case of 
extensive burn trauma.

The purpose of this study was to define the diagnostic 
value of the PCT test for the early diagnoses of sepsis in children 
with severe burn injuries and to conduct morphological research 
studies of burn wound tissues in view of the measurement of PCT 
concentration levels.

Material and Methods
In this research, we included 50 children between 6 months 

and 14 years of age (middle age 3.8+2.6  years), with general 
burn wounds areas from 20% to 90% of total surface of body area 
(TBSA), with full-thickness wounds including 5% to 90% TBSA. 
Patients were treated in the clinic of Moscow Scientific Research 
Institute of Pediatrics & Pediatric Surgery between  January 2004  
and June 2007. All the children were admitted into the specialized 
unit within the first 24 hours post BT. 

Besides running the standard clinical and laboratory 
tests, intensive care monitoring, clinical and biochemical 
blood analyses, definition of С-reactive protein (CRP) level, 
measurement of the blood acid-basic and electrolyte balance, 
microbiological research of burn wounds with definition of 
sensitivity of flora to the antibiotics, we measured the semi-
quantitative PCT levels (“PCT-Q”, BRAHMS, Germany) and 
quantitative PCT blood concentrations (BRAMS PCT LIA, 
Germany) on the first and seventh day after BT. Morphological 
studies of the changes in burn tissues and definition of the depth 
of microorganism penetration into the wounds was carried out in 
parallel. A study of the bacterial invasion and depth of bacterial 
penetration into the wounds was done in 13 victims. 30 examples 
of burned tissues were investigated. The research is based on the 
standard and accepted histological methods of fixing, painting 
and microscopic study of tissues.

All the data was processed employing the variation 
statistical methods using the software Statistica for Windows 6.0.

Results

From investigations conducted on the 50 patients we 
arrived at the following conclusions. The clinical evidence of 
the disease in 18 (36%) children corresponded to SIRS with a 
PCT level of less than 0.5 ng/mL. Totally nine patients (23%) 
ran the risk of developing infectious complications identified by 
a PCT concentration of more than 0.5 ng/mL, but less than 2 ng/
mL. Sepsis was diagnosed in 15 (30%) victims (PCT more than 2 ng/

mL). PCT values exceeding 10 ng/mL was observed in 8 (16%) 
burn patients, which implied severe sepsis and served as a bad 
prognostic sign in disease outcome. The diagnosis of “sepsis” 
was verified 5.8+4.2 days post trauma.  

Morphological research of the burn wound tissues was 
done in 13 victims and 30 samples were investigated. The area 
of the burn wounds in these children ranged from 20% up to 50% 
TBSA (38.6+3% TBSA); their age has  been about 2.1+1.3  years. 
Sepsis was registered in five (38.5%) patients, where the PCT 
concentration exceeded 2 ng/mL, and for two (15.4%) victims 
within this group bacteremia was confirmed. In all, four (30.7%) 
burn patients were suspected to have sepsis, and they revealed 
unitary increase of the PCT level to more than 0.5 ng/mL on the  
3rd - 4th day after BT. SIRS was diagnosed in four case (30.7%); 
PCT concentration was less 0.5 ng/mL. 

We did not identify any case of PCT concentration increasing 
to more than 0.5 ng/mL within the first 24 hours post BT. We thus 
concluded that extensive burn trauma without inhalation injury 
by itself is not the reason for the increase in the PCT level.

During research, tests were conducted on the burn wound 
tissues of four patients with SIRS (PCT: 0.41+0.05 ng/mL); 10 
samples were tested, and the following changes were observed: 
neutrophil infiltration of the epidermis and the presence of 
microbes and microbial detritus on the surface. The cellular 
reaction expressed congestion of leukocytes and macrophages 
around the vessels. Destruction of some vessels, and thrombosis 
with erythrocyte stasis was observed. Necrosis and papillary 
dermal infiltration, with destruction of a mesh layer were 
investigated. Microbial detritus and separate bacteria in the 
destroyed sites of the layer were observed. The given changes are 
illustrated in Fig. 1-2.   

Totally, 10 samples of the wound tissues from four victims 
with the threat of development of sepsis (PCT – 1.24+0.3 ng/mL) 
were investigated. The following picture was observed: formation 
of a necrotic layer on the tissue surface with its penetration into 
the depth of the derma. The following changes were observed: 
hypostasis, destruction, necrosis and infiltration by leukocytes 
into the deep dermal layer. Bacterial penetration into the necrotic 
layer and through the full thickness of the derma, and vessel 
destruction with infiltration by leukocytes were evident. Massive 
neutrophil infiltration into the full thickness of the derma and 

Figure 1.
In the site of the papillary derma 
studied, a cellular reaction is visible 
around the vessels, expressed as a 
congestion of the leukocytes and 
macrophages. Vessel destruction,  
thrombosis,  and erythrocyte stasis 
are observed, which are destructive 
changes of the reticulate derma. 
Hematoxylin and Eosin х 100.

Figure 2.
Reticulate derma with the 
expressed destructive changes. 
Infiltration by leukocytes; 
separate bacterial cells in 
the thickness of the derma. 
Hematoxylin and Eosin х 630. 
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subcutaneous fat and fusion by leukocytes were investigated. The 
given changes are illustrated in Fig. 3-4.   

We tested 12 tissue samples from three patients with 
confirmed bacterial complications identified by PCT concentration 
more 2 ng/mL (3.8+1.2 ng/mL). The following changes were seen 
occurring within the samples: necrotic changes and infiltration 
by leukocytes into the full thickness of the derma with massive 
bacterial invasion. Bacterial penetration into the blood vessels and 
subcutaneous fat was observed, and their ultimate destruction. 
Microorganisms and detritus were seen in the gleam of the blood 
vessels. Hair follicles showed necrosis. Plenty of destroyed 
neutrophils and microbes were visible on the subcutaneous fat 
surfaces. The given changes are illustrated in Fig. 5-6.

Severe sepsis (PCT – 13.4+2.1 ng/mL) was confirmed 
in two burn patients (8 samples of tissues were investigated), 
characterized by the following morphological evidences: 
microbial invasion of the blood vessel walls and their destruction. 
Bacteria, necrotic substances and erythrocyte stasis were in the 
gleams of vessels. Expansion of the gleams of the vessels was 
observed in all the cases. Necrosis of skin appendages was seen. 
Penetration of the microorganisms into the depth of the derma 
and subcutaneous fat was noted. The muscular layer was fused 
by leukocytes. The lack of inflammatory cells was a sign of the 
absence  the reaction of an organism on bacterial invasion. The 
given changes are illustrated in Fig. 7-8.

Discussion
According to some authors, severe BT causes the increase 

in the blood PCT concentration, and limits the use of the PCT-
test for diagnosis of the beginning of sepsis in burns patients 
[4,16]. The results of our research show that extensive burns 
without inhalation injury by itself cannot be the reason for the 
increased PCT levels. Hence, the increased PCT concentration 
in severs burn injuries testifies to the involvement of bacterial 
complications which provides the basis for the extensive usage 
of quantitative and semi-quantitative measurements of PCT in 
clinical practice for the early diagnosis of sepsis development.  

 The results of the morphological research completely 
concurred with our estimation of the severity of the infectious 
process. We observed the presence of the microorganisms in the 
superficial wound layers, without their penetration into the skin 
appendages in cases of no bacterial complications. A condition 
regarded by us as threat of a sepsis – PCT > 0.5 ng/mL – revealed 
a morphological pattern, characterized by the penetration of 
microorganisms into the entire thickness of the derma. In the 
case of a current of septic process – PCT ≥ 2 ng/mL - a marked 
bacterial invasion of the entire depth of the derma is observed. 
In one stage a massive infiltration by the leukocytes throughout 
the whole thickness of the derma was recorded. Heavy sepsis  - 
PCT ≥ 10  ng/mL - characterized by the presence of bacteria in a 
gleam of vessels, showed penetration of the microorganisms into 
the whole thickness of the derma and subcutaneous fat. Marked 
muscle destruction by the leukocytes is also seen. The lack of 
neutrophils and macrophages in the tissue testifies to the absence 
of any reaction by the organisms to the infectious process. 

 We thus revealed a connection between the PCT 
concentration and the condition of burn wounds in our 
morphological research. Precisely, the depth of penetration of the 
microorganisms into a wound corresponds exactly to changes in 
the PCT level. It also confirms the ability to base a diagnostic 
estimation of a patient’s condition on the results of the PCT-test.

Conclusion
   Extensive burn trauma without inhalation injury is not the 

reason for the increase in the PCT concentration. The rise in the 
PCT level is merely a sign of bacterial complications.

   The depth of the bacterial penetration into the burn 
wounds precisely corresponds to a change in the PCT level, thus 
confirming the diagnostic value of the PCT test for identification 
of the infectious processes.    

Figure 3.
Microbes in a grease iron of a 
hair follicle with the expressed 
destructive changes. Hematoxylin 
and Eosin х 630. 

Figure 4.
Invasion of the microorganisms, 
necrotic changes and infiltration 
of the leukocytes and macrophages 
in subcutaneous fat seen. 
Hematoxylin and Eosin х 630. 

Figure 5.
Colonies of bacteria (black color) in 
the thickness of the derma. Toluidine 
blue х 630.

Figure 6.
Thrombosis of the large vessel. 
There are microbes (dark 
points) and thrombosis in a 
gleam of a vessel. Hematoxylin 
and Eosin х 630. 

Figure 7.
Expansion of the gleams of vessels 
and stasis of erythrocytes. in the 
subcutaneous fat. Colonies of 
microorganisms in observed at the 
center (a congestion of black color). 
Hematoxylin and Eosin х 630. 

Figure 8.
Necrotic changes in the deep 
layers of a skin. Microbes and 
microbic detritis in the tissues. 
Destruction of cells and vessels. 
Hematoxylin and Eosin х 630.
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