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Abstract: Introduction: Burn, depending on the
degree of severity and depth, induces significant pat-
hophysiological response of the body. Our study is the
prospective study for assessment of T lymphocyte im-
munological changes in patients with burns, with diffe-
rent degrees of % TBSA and depth of burns.

Research objectives: Objectives of this study were
to assess %CD3+Ly, %CD4+Ly, %CD8+Ly, %CD3+
HLA-DR+Ly, %CD4+Ly /CD8+Ly), of burned body
with different %TBSA degrees, different depth burns
and to establish predictive value of of immune suppres-
sion these parameters.

Patients and methods: According to %TBSA,
patients were classified into three groups: mild burns
with TBSA% < 15% (30 patients), group of medium
burns with %TBSA from 15%-25% (30 patients) and
group with %TBSA > 25% to 40% (30 patients). Ac-
cording to the depth of burns, patients were classified
into two groups, partial-thickness burns, (39 patients),
and full-thickness burns (51 patients). We followed la-
boratory parameters: % CD3+Ly, % CD3+ CD4+Ly, %
CD3+CD8+Ly, % CD3+HLA-DR+Ly, CD4 / CD8 (%)
lymphocytes (on day 7" and on day 14“‘).

Results: Percentage of CD3+ lymphocytes was
significantly lower in severe burns compared to the
moderate heavy burns andsignificantly lower compa-
red to the mild burns. Percentage of CD3+CD4+ lym-
phocytes was significantly lower in severe burns com-
pared to moderate heavy burns and in relation to mild
burns (results on day 14™); also are lower in moderate
severe burn compared to mild burns. On day 14“1, the%
CD4 / CD8 ratio was not significantly lower in the se-
vere burns versus the moderate burns. On day 14", the
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% CD4 / CDS8 ratio wassignificantly lower in severe
burns compared to mild burns; significantly lower in
moderateburns compared to mild burns. % CD3+HLA
-DR + cells was significantly lower in severe burn and
moderately severe burns compared to the mild burns
on day 7" and also on day 14". Full- thickness burns
have significantly lower %CD3+lymphocytes, %CD3
+CD4+ lymphocytes, %CD3+HLA-DR+ lymphocytes,
ratio of % CD4/CDS8 lymphocytes compared to par-
tial-thickness burns.

Conclusions: Peripheral blood T lymphocytes are
one of the key indicators of immunosuppression of pa-
tients with burns of different % TBSA and different de-
grees of burn depth. Larger %TBSA and full- thickness
burns injected stronger systemic immunosuppresion,
compared to smaller %TBSA and partial-thickness
burns.

Key words: burn, % TBSA, T lymphocytes, thick-
ness of burns, % CD3+Ly, % CD3+ CD4+Ly, % CD3+
CDS8+Ly, % CD3+HLA-DR+Ly, ratio % CD4 / CDS8
lymphocytes.

INTRODUCTION

Globally, burns are one of the most common ther-
mal injuries (1). Loss of skin barrier function, tissue
ischemia and tissue destruction after burns and pla-
smorrhea over burnt surfaces are just some of the cau-
ses that are cited as possible reasons leading to an acute
phase response, hematological and immune response
in a burnt person. The immune response of the organ-
ism after a burn is very complex and is caused by a
number of factors. The immune response is initially
pro-inflammatory, but later becomes predominantly
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anti-inflammatory in order to maintain the organism’s
homeostasis and restore normal physiological proces-
ses. Both responses are mediated by cytokines and the
cellular response. The central role in the regulation of
the cellular adaptive immune response belongs to lym-
phocytes, especially CD4 + lymphocytes (2).

RESEARCH OBJECTIVES

The aim of the study was to examine how different
degrees of% TBSA and depth of burn affect the T lym-
phocyte immune response: % CD3 + Ly,% CD4 +
Ly,% CD8 + Ly, % CD3 + HLA-DR + Ly and the ratio
of %CD4 + Ly/% CD8 + lymphocytes, monitoring the
dynamics of parameters on the day 7" day and on day
14" after the burn; then the correlation of the examined
parameters with the different % TBSA and the depth of
the burn, and determine the predictive significance of
individual laboratory parameters for the assessment of
immune deficiency.

PATIENTS AND METHODS

The study is a prospective clinical study of pati-
ents with burns conducted at the Clinic for Reconstruc-
tive and Plastic Surgery of the University Medical
Center in Sarajevo (UCC).

The survey was conducted from 2010 to 2017.
The study was approved by the UCC Bioethics Com-
mittee No. 1893/2009. The study included 90 patients
with varying degrees of severity of thermal trauma,
aged 18 to 65 years, both sexes, with% TBSA to 40%.
The study excluded: patients younger than 18 years
and older than 65 years; patients who could not be fol-
lowed from the beginning of the burn, because they
were already treated in another center, and then trans-
ferred to the UCC in Sarajevo, due to complications;
patients diagnosed with fresh myocardial infarction;
patients with already diagnosed cancer of any organ;
patients with >40% TBSA because we could not moni-
tor the dynamics of target laboratory immune parame-
ters in the planned days; patients diagnosed with liver
failure, malnutrition, and hypoproteinemia prior to
burn; patients with already diagnosed autoimmune dis-
eases, patients undergoing immunosuppressive ther-
apy and patients with burns caused by electric, chemi-
cal and radiation burns.

The examination was performed on the basis of
the usual approach to the patient with burns by the met-
hod of anamnesis and objective medical examination
with special reference to the local status of the burn
skin. Patients with burns were classified according to
the generally accepted classification of burns by the
American Burns Association (3). According to the se-
verity of the burn, patients were classified into three

groups: group of mild burns with% TBSA < 15% (30
patients), group of moderate burns, with% TBSA of
15%-25% (30 patients) and group of severe burns
with% TBSA > 25% to 40% TBSA (30 patients). Ac-
cording to the depth of the burn, we divided the pati-
ents into two groups. In group I, partial-thickness burns
(39 patients), and in group II, full-thickness burns, (51
patients). We did not have patients with grade [V in this
study.

We examined the values of% CD3 + Ly, % CD4 +
Ly, % CD8 + Ly, activated lymphocytes (% CD3 +
HLA-DR + Ly) and the ratio of CD4 + Ly / CDS8 + lym-
phocytes on the day 7" and day 14" after burn in pati-
ents with severe burns, and compared values of the ex-
amined parameters with values in patients with moder-
ate burns and with mild burns. The same immune para-
meters were examined and statistically analyzed in the
group of partial-thickness burns, compared to full-thic-
kness burns. We examined the predictor significance of
laboratory parameters for assessment the degree of im-
mune deficiency on the day 7" and the day 14" after the
burn trauma. We examined the correlation 0f% TBSA
with the already listed laboratory parameters on the
day 7" and on the day 14" after burn trauma.

We determined% CD3 + Ly, % CD3 + CD4 + Ly,
% CD3 + CD8 + Ly, % CD3 + HLA-DR + Ly, % CD4 /
CDS8 lymphocytes by flow cytometry, at the Institute
of Immunology, UCC Sarajevo. The device on which
the test was performed is CytometerBeckton Dicken-
son FACS Canto 11, year of production 2009. Referen-
ce values by this method for CD3 + lymphocytes are
59% -85%, for CD8 + lymphocytes: 11-38%, for CD4
+ lymphocytes: 30-59%, the ratio of CD4 / CD8 lym-
phocytes by this methodis 0.9-3.6%, and for CD3 +
HLADR + lymphocytes it is 0-10%.

All procedures performed in studies involving hu-
man participants were in accordance with the ethical
standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration.

Statistical data

All data collected by this study were prepared for
statistical evaluation and stored in the Exel 2010 pro-
gram, Microsoft Office software package (Microsoft
USA), while statistical processing was done in the sta-
tistical data processing program SPSS ver.20.

In the part related to descriptive statistics, for all
data, depending on the distribution (normal or asym-
metric), the following values are shown: absolute fre-
quency (N), structure index (%), average value (X),
standard deviation (SD), median (M) and interquartile-
rank (IQR). Student t-testwas done for dependent and
independent samples of normal data distribution in or-
der to assess the difference between the two groups.
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The Mann Whitney U test was done to compare results
between two groups, an asymmetric data distribution.
The ANOVA test, for symmetrical distribution of data,
was applied to compare the obtained results of several
examined groups (mild, moderate and severe burns) by
days. The Kruskal Wallis test, for asymmetric data dis-
tribution, was applied to compare the obtained results
of several examined groups (mild, moderate and seve-
re burns) by days. A linear multivariate regression mo-
del was used to assess the predictor effect of individual
variables (laboratory tests) on the dependent variable
(% TBSA). The chi square test (X2 test) was applied to
analyze the relationships between frequencies. Values
of p < 0.05 were accepted as statistically significant.
The results of all performed analyzes are presented in a
table.

RESULTS

Out of a total of 90 burnt patients, 60 were male
patients (66.6%) and 30were female patients (33.4%).
Thirty patients had mild burns, 30 patients had moder-
ate burns, and 30 patients had severe burns. 39 patients
had partial-thickness burns and 51 patients had
full-thickness burns.

Statistical analysis of the incidence of burns, ac-
cording to the severity of the burn and the sex of the pa-
tients, we did not find a statistically significant differ-
ence, p = 0.638. Statistical analysis of the average age
of disease in men between mild, moderate and severe

burns, we did not find a significant difference, p =
0.542. Statistical analysis of the average age of disease
in women between mild, moderate and severe burns,
we did not find a significant difference, p=0.628. Mild
burns had an average% TBSA of 7.9 £ 2.4, moderate
burns had an average% TBSA of 19.5 + 2.7, while se-
vere burns had an average% of TBSA of 32.6 + 4.5.
There is a significant difference in% TBSA between
mild, moderate and severe burns, p < 0.0005. We did
not find a significant difference in the frequency of the
number of patients with full-thickness burns in relation
to partial-thickness burns, p = 0.342, Table 1.

Analysis of %CD3 + lymphocytes
in burns of varying degrees

Mean values of CD3 + (%) lymphocytes were sig-
nificantly lower in the group with moderate burns and
severe burns compared to mild burns on the day 7" an-
don the day 14", p < 0.0005. The average values of
CD3 + (%) lymphocytes were not significantly lower
in severe burns compared to moderate severe burns on
the day 7", p = 0.769 and on the day 14", p = 0.329.

Mean values of CD3 + (%) lymphocytes were sig-
nificantly lower by severe burns on the day 7" and on
the day 14", compared to moderate severe burns and
compared to mild burns; p < 0.0005. Mean values of
CD3 + (%) lymphocytes were significantly lower by
moderate severe burns compared to mild burns; p <
0.0005. In all groups of burns on day 14", there was an

Table 1. Demographic and clinical characteristic of the patients according
to the degree of severity and depth of the burn

THE SEVERITY OF THE BURN
significance
mild burns | moderate burns| severe burns

Number 30 30 30
Men/women relationship 22/8 19/11 19/11 P=10.638
Average age of men £+ SD 45.8 £15.1 43.8+15.0 42.7+12.9 P=0.542
Average age of women + SD 48.7+£10.6 50.8+9.2 453+£3.2 P=0.628
The average severity of the burn + SD 79+24 195+2.7 32.6+4.5 P <0.0005
11:3:2:1 thicknes burns/ Full thickness 15/15 13/17 11/19 P=0342

Legend: SD- standard deviation

Table 2. Analysis of CD3+ (%) lymphocytes between the examined groups on the 7" and 14" after burn trauma

DEGREE OF SEVERITY OF THE BURN
DAYS Mild burn Moderate burns Severe burns significance
X+ SD X +SD X+SD
7" day 64.8+7.0 540+74 532+7.0 P <0,0005
14" day 68.6 7.1 59.6 £ 6.5 56.5+9.2 P <0,0005

Legend: X- average value, SD- standard deviation
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Table 3. Analysis of CD3+ CD4+ (%) lymphocytes between the examined groups
on the 7" and 14" day after burn trauma

DEGREE OF SEVERITY OF THE BURN
DAYS Mild burn Moderate burns Severe burns significance
X+£SD X+SD X+£SD
7" day 57.0+7.0 52.8£8.6 38.6+6.3 P <0,0005
14" day 553+7.1 447 +8.3 33.1+£79 P <0,0005

Legend: X- average value, SD- standard deviation

Table 4. Analysis of CD3+ CDS8+ (%) lymphocytes between the examined groups
on the 7" and 14" day after burn trauma

DEGREE OF SEVERITY OF THE BURN
DAYS Mild burn Moderate burns Severe burns significance
M(IQR) M(QR) M(IQR)
7" day 22.2 (17.5-26.5) 21.9 (16.5-25.2) 19.5 (14.7-24.5) P=0.150
14" day 25.3 (18.1-28.5) 22.6 (16.4-27.2) 20.4 (16.9-22.6) P =10.060

Legend: M- median, IQR- interquarterly rank

Table 5. Analysis of %CD4/CD8 lymphocytes between the examined groups
on the 7" and 14" day after burn trauma

DEGREE OF SEVERITY OF THE BURN
DAYS Mild burn Moderate burns Severe burns significance
M(IQR) M(QR) M(IQR)
7‘hday 2.7 (2.5-3.0) 2.4 (2.0-2.7) 2.1 (1.8-2.6) P <0,0005
14" day 2.6 (2.0-3.1) 2.1 (1.8-2.6) 1.9 (1.5-2.1) P <0,0005

Legend: M- median, IQR- interquarterly rank

increase in the average values of CD3 + (%) lympho-
cytes compared to day 7" but this increase was signifi-
cant only in mild burns, p = 0.041 and in moderate
burns, p = 0.004, Table 2.

Analysis of CD3 + CD4 + (%) lymphocytes
in burns of varying degrees

On the day 7" after burn trauma, the mean values
of CD3+CD4+(%) lymphocytes were significantly lo-
wer in severe burns compared to moderate burns and
also compared to mild burns, p < 0.0005, but did not
significantly differ between moderate burns compared
to mild burns p=0.097. On the day 14" after burn trau-
ma, the average values of CD3+CD4-+(%) lymphocytes
were significantly lower in severe burns compared to
moderate severeburns and compared to mild burns, p <
0.0005. The average values of CD3+CD4+(%) lym-
phocytes was significantly lower in moderate burns
compared to mild burns, p < 0.0005, Table 3.

Analysis of CD3+ CDS8 + (%) lymphocytes
in burns of varying degrees

By statistical analysis of the mean values of CD3+
CD8+(%) lymphocytes between mild burns, moderate

burns and severe burns, we proved that there is no sig-
nificant difference between the groups of burns on the
day 7“1, p=0.150, nor on day 14th, p=0.060. On the day
14", there was an increase in CD3+CD8 + (%) lympho-
cytes compared to day 7" in all three groups of burns.
However, statistical analysis did not find a significant
increase in CD3 + CD8 + (%) lymphocytes either in the
group of mild burns, p=0.090, or in the group of mod-
erate burns, p = 0.556, as well as in the group of severe
burns, p = 0.742, on the 14" day compared to day 7"
Table 4.

Analysis of ratio % CD4 / CD8 lymphocytes
in burns of varying degrees

On the seventh day, the ratio of % CD4 / CD8 is
lower in severe burns compared to moderate burns, p =
0.040; and compared to mild burns, p=0.011; it is lo-
wer in moderate severe burns compared to mild burns,
p =0.041. On the day 14", the ratio% CD4 / CD8 was
not significantly lower in the severe burns compared to
moderatesevere burns, p = 0.106; it is significantly lo-
wer in severe burns compared to mild burns, p =0.039;
it is significantly lower in moderate burns compared to
mild burns, p = 0.043.
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Table 6. Analysis of CD3+HLADR+ (%) lymphocytes between the examined groups
on the 7" and 14" day after burn trauma

DEGREE OF SEVERITY OF THE BURN
DAYS Mild burn Moderate burns Severe burns significance
X=+SD X+SD X=+SD
7thday 10.1+1.4 93+14 90=+1.6 P=0.021
14" day 119+ 1.7 11.1+1.8 102+ 1.7 P =0.003
Legend: X- average value, SD- standard deviation
Table 7. Analysis of laboratory parameters according to the degree
of burn depth on the seventh day after burn trauma
DEGREE OF BURN DEPTH
Laboratory parameters | Partial thickness burn Full thickness burn significance
M(IQR) M(IQR)
%CD3 62.3 (58.1-68.8) 53.8 (48.3-53.8) P <0.0005
%CD3+CD4+ 55.3(50.2-61.2) 44.4 (38.5-51.2) P <0.0005
%CD3+CD8+ 21.6 (17.6-26.2) 20.3 (15.7-24.9) P=0.140
%CD4/CDS8 2.7(2.5-2.9) 2.1(1.8-2.6) P <0.0005
%CD3+HLADR+ 8.9 (7.9-10.5) 6.9 (6.0-8.4) P <0.0005

Legend: M- median, IQR- interquarterly rank

The mean values of the% CD4 / CD8 lymphocyte
ratio between mild burns, moderate severe burns, and
severe burns on the day 7" and on the day 14" after
burn trauma were significantly different, p < 0.0005,
Table 5.

Analysis of CD3+HLA-DR + (%) lymphocytes
in burns of varying degrees

On the day 7" after burn trauma, % CD3 + HLA-
DR + lymphocytes were significantly different betwe-
en mild, moderate, and severe burns, p=0.021. The av-
erage values of% CD3 HLA-DR + lymphocytes were
significantly lower in severe burns compared to mild
burns, p=10.030. There is no significant difference bet-
ween moderateburns and severe burns, p = 0.762, nor
between mild burns compared to moderate burns, p =
0.126.

On the day 14" after burn trauma, % CD3 +
HLA-DR + lymphocytes were significantly different
between mild, moderate, and severe burns, p = 0.003.
% CD3 + HLA-DR + lymphocytes were significantly
lower in severe burns compared to mild burns, p =
0.003. There is no significant difference between mod-
erate burns compared to severe burns, p =0.232. There
is no significant difference between mildburns and mo-
derate burns, p = 0.170. The results of the analysis are
shown in the table 6.

The mean values of% CD3 + Ly, % CD3+CD4+
Ly, ratio o %f CD4 / CD8 lymphocytes and % CD3 +

HLA-DR + lymphocytes were significantly higher in
partial thickness burn, compared to patients with full
thickness burn on the dya 7" after burn trauma, p <
0.0005.Average values of% CD3 + CD8 + lympho-
cytes did not differ significantly between patients with
full-thickness burn compared to patients with par-
tial-thickness burn, p = 0.140; Table 7.

On the day 7" after burn trauma,% TBSA is nega-
tively correlated with CD3+CD4+(%) lymphocytes,
negatively correlated with % CD3 lymphocytes,nega-
tively correlated with the ratio 0of%CD4 +/ CDS8 + lym-
phocytes, negatively correlated with % CD +HLA-DR
+ lymphocytes. There is no correlation of % TBSA with
%CD3+CD8+ lymphocytes.

By linear multivariate regression, on the day 7"
after burn trauma, we proved that % CD3 lymphocytes
have the greatest predictor importance for the assess-
ment of immune damage, while the importance of ot-
her parameters is insignificant. The whole model, with
all predictors, was statistically significant (R =0.919,
R2 =0845, F = 108.9, p < 0.0005). The model classi-
fied 84% of the variability of the dependent variable,
which can be explained by independent parameters.

By linear multivariate regression, on the day 14"
after burn trauma, we proved that % CD4 + lympho-
cytes, % CD3+lymphocytes and %CD3HLA-DR+
lymphocytes have the greatest predictor importance
for the assessment of immune damage (R =0.852, R2 =
0.726, F=52.932, p <0.0005), while the importance of
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Table 8. Predictor importance of lymphocytes for the assessment of immune damage
Non-standard coeff. Stand.a rd 95% CI for
Model coeficient t Sig.
B Std. error Beta lower limit | upper limit
1 cont. 45.757 6.87 7.359 P <0.0005 33.445 58.032
CD4 -0.256 0.068 -0.289 -3.774 P <0.0005 -0.391 -0.121
CD3 -0.212 0.076 -0.183 -2.782 0.007 -0.33 -0.06
C3+HLADR -0.841 0.408 -0.138 -2.059 0.043 -1.653 -0.028

Dependent variable % TBSA

other parameters is insignificant. The model classified
72% of the variability of the dependent variable, which
can be explained by independent parameters Table 8.

DISCUSSION

The consequences of thermal trauma are local and
systemic. Responses to thermal injuries include cellu-
lar defense mechanisms, inflammation, immune disor-
ders, and in extensive burns, a prolonged hypermeta-
bolic response with weight loss, prolonged catabolic
state, and organ dysfunction. Changes affecting the im-
mune system include changes by the endocrine system,
activation of the arachidonic acid cascade, and cytoki-
ne synthesis. The anti-inflammatory response includes
increased levels of vasopressin, aldosterone, growth
hormone, cortisol, glucagon, and catecholamines. In-
creased glucocorticoid levels inhibit the production of
IFN-2 and IL-2, but not IL-4 and IL-10. Changes in
cytokine levels damage the adaptive immune system
during burns, especially the T lymphocyte population.

In our studies, we found pronouncedlymphopenia
on the day 14" compared to day 7" in all groups of
burns. The severity of the burn affected decrease in T
lymphocytes. The% of CD3 + CD4 + lymphocytes, on
the day 7" after the burn, is significantly lower in seve-
re burns compared to mild burns and moderate burns
and significantly lower in severe burns compared to
moderate burns. On the day 14" after the burn, there
was a significant decrease in%CD3+CD4+ Ly compa-
red to the day 7" in moderate and severe burns, while in
mild burns the decrease was not significant.Immunolo-
gical T-cells respons are result of the synergistic action
of CD4+ Ly with other T-Ly subclasses. The percenta-
ge of CD4+ T-lymphocytes is a key criterion for asses-
sing the degree of damage, ie. immune system defici-
encies. Immunodeficiency in burns is results a decrea-
se in the% of CD3 + T lymphocytes, and the decrease
depends on the severity of the burn. Our study showed
that on the day 7" and the day 14" after burn trauma,
severe burns and moderate burns have significantly lo-
we% CD3 + Ly compared to mild burns. The differen-

ce between moderate burns and severe burns, on the
day 7" and on the day 14" after burn trauma, was not
significant, although patients with severe burns had lo-
wer mean values % CD3 + lymphocyte compared to
patients with moderate burns.

The severity of the burn trauma no significantly
reduces% CD +CD8+ lymphocyte on the day 7" after
the burn trauma, in our study. The% CD3+ CD8 + Ly,
although lower in severe burns compared to the other
two groups of burns, were not significantly reduced in
severe burns compared to mild and moderate burns, as
well as in moderate burns compared to mild burns. Alt-
hough in our study, the severity of the burn did not sig-
nificantly affect the decrease in % CD3 + CD8 lym-
phocytes, indirectly, through reduced % CD3+ CD4+
lymphocytes, it may be an additional reason for immu-
nosuppression. In our study, on the day 7" after burn
trauma, the mean values of % CD3 + Ly, % CD4 + Ly,
activated lymphocytes (% CD3 + HLA-DR + Ly) and
the ratio of CD4 / CD8 lymphocyte were significantly
lower in patients with full-thickness burns, compared
to patients with partial-thickness burns. % CDS8 + Ly
did not differ significantly between patients with
full-thickness burns compared to partial-thickness
burns. CD4+ lymphocytes have an immune memory
and their presence is necessary to maintain the effector
function of CD8+ cells in inflammation. Decreased %
CD3 + CD4 + lymphocytes impaired effectory func-
tion of %CD3 + CD8 lymphocytes. In any case, chan-
ges in % CD4 T lymphocytes are an important cause of
immunosuppression in patients with burns.

On the day 14" after burn trauma, the% CD3 +
CD8 + lymphocytes were higher than on the day 7"in
all groups of burns, but this increase was not signifi-
cant compared to the day 7" That the T cell immuno-
suppression is higher in higher %TBSA, is shown by
the ratio % CD4 / CD8 lymphocyte. On the day 7" an-
don the day 14", the ratio % CD4/CD8 was signifi-
cantly lower in severe burns compared to moderate
burns and compared to mild burns. Mean values of ra-
tio %CD4 / CD8 lymphocytes on the day 14" compa-
red to the day 7", after burn trauma, did not differ signi-
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ficantly in moderate and mild burns, but in the group of
severe burns ratio of% CD4 / CD8 was significantly lo-
wer on day 14" compared to the day 7",

The total number of lymphocytes is important for
the immune defense of the organism, as well as the per-
centage of lymphocytes that carry HLA-DR antigen,%
CD4 + lymphocytes and% CD3 + lymphocytes. Immu-
nosuppression, in our study, observed through the ave-
rage values of CD3 + HLA-DR + (%) lymphocytes in
relation to the degree of severity of the burn, is most
pronounced in severe burns. CD3 + HLA-DR +%lym-
phocytes were significantly lower in severe burns com-
pared to mild burns the day 7" on the day 14". Our re-
search has shown that the mechanism of antigen recog-
nition and the speed of reaction on the antigens depend
on the severity of the burn. This mechanism is particu-
larly weakened in severe burns, compared to the other
two groups, in the first two weeks after the burn. Dec-
reased HLA-DR expression is a sign of immunosup-
pression after a burn. The expression of HLA-DR anti-
gen is associated with the role of lymphocytes as anti-
gen-presenting cells. HLA-DR expression can be acti-
vated by anti-inflammatory cytokines, especially
IL-10, TGF-a and PGE-2. Catecholamines released af-
ter burn trauma may increase HLA-DR expression on
lymphocytes. CD3 + HLA-DR + cells are activated
T-lymphocytes, with pronounced MHC class II mem-
brane molecules, a class of major tissue tolerance com-
plex. Activated T-lymphocytes, together with memory
T-lymphocytes, are important for the rapid initiation of
specific immune responses and that the involvement of
inflammatory cells is important during the healing pro-
cess of burned skin (4).

The suppression of the immune response is stron-
gerby more severe the burn. On the day 7" after the
burn,% TBSA was negatively correlated with %CD3+
CD4+ lymphocytes, was negatively correlated with
%CD3 + Ly, was negatively correlated with the ratio%
CD4 / CD8 Ly andwas negatively correlated with%
CD3 + HLA-DR + Ly. %TBSA were without signifi-
cant correlation with% CD3 + CD8 + Ly. The inflam-
matory response, on the day 7" in our study, and the
T-cell immune response were negatively correlated.

Research by Wood JJ et al. (2), and Guanying YY
et al. (5) suggest that T cell immunosuppression is as-
sociated with decreased production of IL-2, a cytokine
that is primarily produced by peripheral blood mono-
nuclear cells and Th1-Ly. Immunosuppression is also
affected by increased production of IL-4 and IL-10,
cytokines that reduce Thl-Ly function and redirect T
lymphocyte differentiation in favor of Th2 lymphocyte
subpopulation, andreducing Thl lymphocyte pheno-
type. Boyce DE et al, found that IL-2 values return to
normal values in a later stage, in burn healing phase

(6). The percentage of CD3 T-Ly and CD4 T-Ly in pati-
ents with burns is lower compared to healthy controls
(7). HLA-DR expression is a sensitive indicator that
reflects the activation and proliferation of lymphocytes
after burn, and the rapid initiation of specific immuno-
reactions (4). CD8 lymphocytes recognize foreign an-
tigens within MHC class I molecules. CD4 lympho-
cytes recognize antigens in complex with MHC class II
molecules on the surface of antigen-presenting cells.
During the burns, several changes in the T-lymphocyte
population were observed. The poor response to mito-
gens is particularly pronounced (8). After burns, the
values of anti-inflammatory cytokines increased: IL-4
and IL-10 (9). IL-4 and IL-10 may inhibit Th1-Ly acti-
vation for antigen presentation. Changes in the balance
between T suppressor and T helper lymphocytes and
the ratio of Th1-Ly to Th2-Ly are an important etiolog-
ical factor in the suppression of the adaptive immune
response.The reason for immunosuppression of pati-
ents with burns is also in CD8 lymphocytes, which are
inhibited by PG-E2 released from monocytes (10). Ne-
vertheless, a significant mediating role in immunosup-
pression is attributed to Th2 lymphocytes. Th2-Ly is
produced by anti-inflammatory cytokines, including
IL-6, which suppresses the production of CD4 + cells
(11).

Immunosuppression in patients with burns is as-
sociated not only with a reduced number of T-lympho-
cytes, but also with a change in the capacity and ability
of T-lymphocytes to activate after antigen stimulation,
whatever its type (necrotic cells, products of thermally
damaged cells, bacterial toxins, burnt tissue endotox-
ins) during thermal injury (8). Horfan AF. et al. exami-
ned the mitogenic response of lymphocytes of patients
with burns after antigen stimulation and found that pa-
tients with severe burns have a reduced cellular immu-
ne response, not only due to decreased lymphocyte co-
unt, but also due to impaired function of circulating
T-helper lymphocytes. T-lymphocyte damage is mani-
fested by decreased mitogenesis in response to mito-
gens, reduced response to antigen stimulation and acti-
vation. The same authors believe that deregulation of
the immune response, following burn trauma, occurs
as a consequence of redistribution of T-lymphocytes in
peripheral blood and tissues. Burn trauma is a trigger
for the apoptotic T-Ly pathway, but the exact mecha-
nism of the apoptosis pathway to date is unclear while
preventing apoptosis of activated T lymphocytes thro-
ugh reduced Fas-ligand induction in the cell. It is tho-
ught that the products of activated macrophages,
PGE-2, and transforming growth factor-a (TGF-2) may
contribute to T lymphocyte suppression, primarily the
Th-1 subpopulation of lymphocytes. In addition,
PGE-2 inhibits CD8 + lymphocyte function (10).
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Mabrouk et al. (12), on the fourth day after burn
trauma, found a decrease in the absolute number of
CD3 lymphocytes, CD4 lymphocytes, CD8 lympho-
cytes, and a decrease in the ratio CD4 / CD8 lympho-
cyte, compared with healthy controls. They explain the
decrease by the presence of immunosuppressive fac-
tors in burn patients. One of these factors, in their opin-
ion, is the polymerized lipid-protein-complex of the
cell membrane of the tissue damaged by the burn, the
so-called burn toxin. The authors demonstrated that
burn toxin inhibits the proliferation of normal lympho-
cytes after antigen stimulation. Not only does it inhibit
the proliferation of normal lymphocytes after antigen
stimulation, but the burn toxin has a toxic effect on
lymphocyte proliferation and lowers the absolute num-
ber of lymphocytes in patients with burns, resulting in
immunosuppression. Some authors observe certain pa-
rameters in isolation, such as e.g. the ratio CD4 / CDS§
as indicators of immunosuppression. Rijola LF et al.
(7) considered, in moderate burns, only the reduced
CD4 / CDS ratio gives prognostic significance in the
further development of immunosuppression after burn
trauma.

In the daily clinical practice of treating burns, it is
very important to predict the extent to which immuno-
suppression is present in the burn patient. Our research
showed that already on the day 7" after the burn, CD3
lymphocytes have the greatest predictor significance
of immunosuppression. On the day 14" in addition to
CD3 lymphocytes, CD4 lymphocytes and CD3 +
HLA-DR + lymphocytes have a predictor of immuno-
suppression. It is possible that the decreased CD4 Ly
number is due to the reduced CD3 Ly number (13).
There are other reasons that lead to a decrease in the
proliferation and maturation of T lymphocytes. Thus
Schluter B, et al. (14) believe that IL-7, which grows
during the first week after a burn, may reduce the proli-
ferative and maturation capacities of T-Ly.

CONCLUSION

1. Changes in T lymphocytes are an important ca-
use of immunosuppression in burn patients. T-lympho-
penia is present in all burns regardless of the severity of
the burn. T-lymphopenia is significantly lower on the
day 14" compared to the day 7" after the burn.

2. T-lymphopenia, is stronger in higher% TBSA
and deeper burns

3. Decreased values of subclass T lymphocytes
should be interpreted as important markers of immune
suppression assessment. An increase in % CD3+HLA
-DR + lymphocytes on the day 14" compared to the
day 7" indicates the onset of a specific T immunoreac-

tion. The severity of the burn affects the activation and
proliferation of activated T lymphocytes.

4. On the day 7" after burn trauma, % TBSA is ne-
gatively correlated with CD3+CD4+(%) lymphocytes,
negatively correlated with % CD3 lymphocytes, nega-
tively correlated with the ratio of %CD4 +/CD8+ lym-
phocytes, negatively correlated with % CD+HLA
-DR+ lymphocytes. There is no correlation of %TBSA
with %CD3+CD8+ lymphocytes. % CD3+ lympho-
cytes have the greatest predictor importance for the as-
sessment of immune deficiency, on the day 7th after
burn trauma. % CD4+Ly, %CD3+ Ly and%CD3+
HLA-DR+ lymphocytes have the greatest predictive
importance for the assessment of immune deficiency,
on the day 14",

5. Immunosuppression observed through the ave-
rage values of CD3+HLA-DR+(%) lymphocytes in
relation to the severity of the burn, is most pronounced
in severe burns. CD3+ HLA-DR + (%) lymphocytes
were significantly lower in severe burn compared to
mild burns on the day 7" and on the day 14",

6. Deeper burns, full-thickness burns, result in
stronger suppression of the immune response. On the
day 7" after burn trauma, the mean values of %CD3
Ly,% CD4 + Ly, activated lymphocytes (% CD3 +
HLA-DR + Ly) and the ratio CD4 / CD8 lymphocyte
were significantly lower in patients with full-thickness
burns, compared to patients with partial-thickness
burns burns. The depth of the burn has no significant
reflection on% CD8 + lymphocytes on the day 7" after
burn trauma.
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Sazetak

ANALIZA LIMFOCITA PERIFERNE KRVI KOD OPEKOTINA
RAZLICITOG STEPENA TEZINE U PROCENI IMUNOLOSKE SUPRESIJE

Arslanagic Selma,' Karamehic Jasenko’

' Clinic for Reconstructive and plastic surgery, University Medical Center Sarajevo,
Sarajevo, Bosnia and Herzegovina
? Institute of Immunology, University Medical Center Sarajevo,
Sarajevo, Bosnia and Herzegovina

Uvod: Opekotina, ovisno o stepenu tezine ima za
posledicu znac¢ajan patofizioloski odgovor.

Cilj istrazivanja: Ciljevi istrazivanja su ispitati
reperkusije % TBSA i reperkusije dubine opekotine na
imunoloski odgovor procenjujuci: %CD3+Ly, %CD4
+Ly, %CD8+Ly, %CD3+HLA-DR+Ly iodnos %CD4
+Ly/CD8+Ly.

Pacijenti i metode: Prema %TBSA, pacijente
smo podelili u 3 grupe: blage opekotine sa TBSA% <
15% (30 pacijenata), grupu srednje teskih opekotina sa
% TBSA od 15%-25% (30 pacijenata) i grupu sa %
TBSA > 25% do 40% (30 pacijenata). Prema dubini
opekotine, pacijente smo podelili u dve grupe: par-
tial-thickness burns, (39 pacijenata), i full-thickness
burns (51 pacijent). Pratili smo sledeée parametre: %
CD3+Ly, % CD3+ CD4+Ly, % CD3+CD8+Ly, % CD3
+HLA-DR+Ly, i odnos CD4 / CD8 (%) limfocita (7. i
14. dana nakon opekotine).

Rezultati: %CD3+ Ly signifikantno je nizi kod
teskih opekotina u poredenju sa srednje teskim opeko-
tinama i u poredenju sa blagim opekotinama. %
CD3+CD4+ Ly signifikantno je nizi kod teskih opeko-
tina u poredenju sa srednje teskim opekotinama kao iu
poredenju sa blagim opekotinama 14. dana nakon ope-
kotinske traume; takode je niZi kod umereno teskih
opekotina u odnosu na lake opekotine. Cetrnaestog da-
na nakon opekotinske traume, odnos % CD4 / CDS nije
signifikantno nizi kod teskih opekotina u odnosu na
umereno teske opekotine; ali je signifikantno nizi kod
teskih opekotina u poredenju sa blagim opekotinama, i
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