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SUMMARY. Severe burns lead to a high level of inflammation and high risk of infection. Inflammatory bio-
markers are usually used to predict the severity of inflammation or infection and to assess the efficacy of antibiotics.
The use of antibiotics in burns is still controversial. The aim of this study is to assess the effects of empirical an-
tibiotics on level of C-reactive protein (CRP) and other inflammatory markers (leucocytes, neutrophils, lympho-
cytes, and ratio of neutrophils-lymphocytes) in severe burn patients. This cohort study was conducted in the burn
unit of Dr. Soetomo Hospital between April and November 2019. CRP and other inflammatory markers were
measured on admission, day 5, and day 7 after the administration of empirical antibiotics. Fifteen severe burn pa-
tients were enrolled in this study. All patients received Ceftazidime, 3x1 gram during seven days of hospitalization.
CRP level reduced from 15,78+7,5 mg/dl to 14,98+10,29 mg/dl (p=0,705) by paired-t-test. There were no signif-
icant differences in mean decline of CRP between day 0-5 and 0-7. There was no decrease in inflammatory mar-
kers, including leucocytes, neutrophils, lymphocytes and ratio of neutrophils-lymphocytes during seven days of
empirical antibiotic administration. Our conclusions are that the administration of ceftazidime as an empirical
antibiotic lowers CRP level, although not significantly, while there is no decrease in several inflammatory markers.
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RESUME. Les briilures étendues sont responsables d une inflammation systémique et d un risque élevé d’infec-
tion. Les biomarqueurs sont fréquemment utilisés pour évaluer la sévérité de l'inflammation ou de [’infection et
surveiller [’efficacité de [’antibiothérapie. Le but de cette étude était d’évaluer les effets d’une antibiothérapie
probabiliste sur les niveaux de CRP et d’autres marqueurs de l’inflammation (leucocytes, neutrophiles, lympho-
cytes, rapport neutrophiles/lymphocytes) chez des patients gravement briilés. Il s agissait d 'une étude de cohorte
conduite chez 15 patients hospitalisés dans le CTB de [’hopital Dr Soetomo entre avril et novembre 2019. Ils re-
cevaient 1 g x 3 de ceftazidime IV pendant 7 jours, les marqueurs de l'inflammation étant mesurés a [’entrée, a
J5 et a J7 de l'antibiothérapie. La CRP passaitde 157,8 +/- 75 a 149,8 +/- 10,29 mg/L (NS, test t apparié). [l n’y
avait aucune baisse significative de quelque marqueur que ce soit sous ceftazidime. Nous en concluons que l’ad-
ministration systematique de ceftazidime n’a pas d’effet significatif sur les marqueurs de l’inflammation.
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Introduction

Burn injury is one of the most traumatic injuries.'
Burn leads to higher morbidity and mortality than
any other type of traumatic injury.” Systemic inflam-
matory response syndrome (SIRS) and sepsis are
generally overlapped in burn patients. Sepsis is pro-
posed as the major cause of death in burns.’ There-
fore, the ideal biomarkers are needed to distinguish
inflammation or infection, and even sepsis. This
phenomenon causes withholding, delaying, or even
overusing antibiotic therapy in burn patients.* C-re-
active protein or CRP is a common marker that is re-
leased extensively in acute inflammatory response,
and elevated CRP level is associated with the clinical
outcome of infection.” A CRP level of more than 8
mg/dl can distinguish inflammatory response to in-
fection from other types of inflammation, indicating
that levels of CRP can be predictive of sepsis or in-
fection.®

The peak of inflammatory response usually occ-
urs within 5 to 7 days after burn.” In burn patients,
antibiotics are used immediately after burn, without
waiting for the sensitivity test of antibiotics. Cefta-
zidime is the most widely used antibiotic in burn pa-
tients, especially in patients that are suspected of
having Pseudomonas aeruginosa infection.® There-
fore, ceftazidime is commonly called upon as empi-
rical antibiotic in burns to treat infection.
Measurement of the serum level of C-reactive pro-
tein (CRP) is a simple, rapid and inexpensive pro-
cedure, and measurement of CRP level has
consequently become routine clinical practice in the
follow-up of patients hospitalized with severe infec-
tions.” Burn leads to an alteration in immune re-
sponse, usually characterized by an increase in
neutrophil count and a decrease in lymphocyte
count. A study by Zahorec et al. showed that the
measurement of neutrophil-lymphocyte ratio is use-
ful as a parameter of inflammation as well as of
stress state in critically ill patients.'

However, study or evidence on the usefulness of
consecutive CRP measurements as well as neutrop-
hils, lymphocytes, and neutrophil-lymphocyte ratio
for follow-up of antibiotic treatment in burn patients
is lacking. The question of whether level of CRP and
other inflammatory markers can decrease after the

Annals of Burns and Fire Disasters - vol. XXXIII - n. 1 - March 2020

administration of antibiotics is still unclear. There-
fore, the aim of this study was to examine the effects
of empirical antibiotic administration on CRP levels
and other inflammatory markers in severely burned
patients. It is expected that knowledge of CRP levels
and other inflammatory markers can be used to eva-
luate and shorten the use of antibiotics, and prevent
side effects as well as antibiotic resistance.

Materials and methods

Study design

This seven-day cohort study was conducted in
the intensive care unit and burn centre of Dr. Soe-
tomo Hospital, Surabaya. Ethical clearance for this
study was granted by the Ethics Committee for He-
alth Research of the Dr. Soetomo Hospital, with re-
gistration number 1057/KEPK/III/2019. Burn
patients admitted between April and November
2019 were included in this study. The main resear-
cher explained the study protocol, including proce-
dures, as well as risks and benefits to patients.
Written informed consent was obtained from all
burned patients and/or their guardians. Then, if
they agreed to take part in this study, patients or
their families signed informed consent.

Inclusion criteria for patients to be enrolled in
this study were: age more than 18 years old; ex-
tensive burns with severe burn criteria less than 24
hours before admission; TBSA of more than 10%;
patients who received empirical antibiotics intra-
venously during the initial seven days of hospita-
lization; willingness to sign informed consent to
participate. Severe burns (according to American
Burn Association criteria) were: 1) Second degree
or more burns in adults; 2) Second degree or more
burns in children; 3) Third degree burns of 10% or
more; 4) Burns on the hands, face, ears, eyes, feet
and genitalia; 5) Burns with inhalation trauma,
electric burns, accompanied by other trauma. Exc-
lusion criteria were: patient had received antibio-
tics before admission to hospital; patient was
expected to die within 48 hours; patient had his-
tory of cardiovascular disease, metabolic syn-
drome and autoimmune disease. Drop out criteria
were: patient died during the study, withdrew from
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the study, or there was a change of antibiotics be-
fore the 7 days of empirical antibiotic use. All pa-
tients received standard medical burn treatments,
including antibiotics, stress ulcer therapies, anal-
gesics, total parenteral nutrition as well as debri-
dement surgeries. Percentage of total body surface
area was measured by the Wallace rule of nines.
Transfusion of plasma expanders and blood com-
ponents (whole blood or packed red cells) were ad-
ministered if needed.

Blood measurement for markers

Serum CRP levels and other inflammatory
markers were measured on first admission to the
hospital, on day 5 and day 7 after burn. Two ml
of venous blood samples were taken to measure
CRP level and Complete Blood Count (CBC),
including leucocytes, neutrophils and lymphocy-
tes. For CBC measurement, the blood samples
were taken into Vacutainer-EDTA, and for CRP
measurement, the blood samples were taken into
Vacutainer-non EDTA. A complete blood count
was determined by a cytometry-based system.
Serum CRP level was measured quantitatively by
immunoturbidity methods. Level of CRP lower
than 10 mg/dl was considered normal for burn pa-
tients. The neutrophil-lymphocyte ratio was cal-
culated by dividing the neutrophil count with the
lymphocyte count. The normal value of neutrop-
hil-lymphocyte ratio was 2-4.

Statistical analysis

The sample size of this study was calculated
based on previous study of CRP levels in burn pa-
tients. To assess the normality of the variables, the
Shapiro-Wilk test was used due to the small number
of patients. The chi-square test was performed for
categorical variables. The paired-7 test was used to
evaluate differences in CRP level, neutrophils, lymp-
hocytes, and ratio of neutrophil to lymphocyte on
admission (day 0), day 5, and after the administra-
tion of empirical antibiotics (day 7). To assess the
relationship between total body surface area (TBSA)
and CRP level, and also to assess the relationship
between level of CRP and leucocytes on day 7, the
Pearson correlation was used. P value less than 0,05
was considered statistically significant.
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Results

Eighteen severe burn patients fulfilled the inclu-
sion criteria between April and November 2019.
Three patients were dropped out due to them passing
away before completing seven days of empirical an-
tibiotic administration. The causes of burns in this
study are shown in Fig. /. The demographic data of
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Fig. 1 - Cause of burns

burn patients is shown in Table I. All patients recei-
ved Ceftazidime 3x1 gram intravenously over the

Table I - Demographic data of this study

Survivors (n=15) \ Deaths (n=3) | p value
Sex (M/F) 0,834*
Male 9 2
Female 6 1
Age (years) (mean = SD)| 49,06 +17,90 |51,66+ 19,29 0,823**
TBSA (%) (mean+SD) | 31,30+20,70 | 49,00 + 8,54 | 0,173**
Inhalation injury 7 3 0,099*

*Chi-square

**independent t-test

initial seven days of hospitalization. Level of CRP
and other inflammatory markers for the survivors
and for the deaths group is shown in 7able II. Level
of CRP and other inflammatory markers over the
seven days of empirical antibiotic administration is

Table II - Comparison of inflammatory markers on admission bet-
ween the survivors and the deaths groups

Variables Survivors (n=15) Deaths (n=3) | p value
CRP (mg/dl) 15,78 + 7,57 21,5+2,50 | 0,223
Leucocytes (103%mm?) | 11,18+598 | 18.40+8,97 | 0,095
Neutrophils (103%mm? 892 +5,71 7,32+£323 | 0,649
Lymphocytes 1,03+ 0,43 1,23 £1,06 | 0,575
(10°*/mm?)

Neutrophil- 8,76 + 5,04 12,61 +7,77 0,304
Lymphocyte ratio

(NLR)

All data are expressed as mean + SD
p value was performed by independent t-test



shown in Table III. A mean decline in CRP between
days 0-5 and days 5-7 is shown in Table IV. Corre-
lation between CRP and TBSA on admission is
shown in 7able V. Correlation between CRP and leu-
cocytes on day 7 is shown in Table VI.

Table III - Inflammatory markers over seven days of empirical anti-
biotic administration
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Survivors Deaths

Variables Day 0 Day 5 Day7 | pvalue*
CRP (mg/dl) 15,78 +7,57 14,15 £ 6,62/14,89 £ 10,29| 0,705
Leucocytes (10°/mm®) 11,18 +6,42/12,08 + 6,69 15,64 +7,76 0,089
Neutrophils (10>mm®) | 892+5,71 9,80+6,25 12,26+7,52 0,169
Lymphocytes (10/mm®)| 1,03+£0,43  122+092 1,43+0,10 = 0,172
Neutrophil-Lymphocyte| 8,76 + 5,04 10,80 +7,15/12,57 + 11,10/ 0,249
ratio (NLR)

*p value was assessed by independent t test between day 0 and day 7

Table IV - Mean decline of CRP
Mean decline in CRP (mg/dl) | Day 0-5 Day 0-7 | p value

-0,36 £ 6,54/0,88 £ 8,89| 0,664

Table V - Correlation between CRP and TBSA on admission

TBSA (%) | CRP (mg/dl) Pearson correlation (r) P value
0-20 10,98 + 3,06
21-40 16,86 + 8,05 0,489 0,064
>4( 20,15 +£9,01

Table VI - Correlation between CRP and Leucocytes on day 7

Variables Day 7 Pearson correlation (r) P value

CRP (mg/dl) 14,89 £ 10,29
Leucocytes (mm?®) 15640 + 7760

-0,270 0,330

CRP level in the survivors group with inhalation
trauma and without inhalation trauma on admission
is shown in Fig. 2. CRP level between the survivors
group and the deaths group with inhalation trauma
on admission is shown in Fig. 3.

25

Trauma Inhalation Without Trauma Inhalation

Fig. 2 - CRP level in the survivors group with inhalation (n=7) and
without inhalation trauma on admission (n=8)

Fig. 3 - CRP level in the survivors group (n=7) and in the deaths
group (n=3) with inhalation trauma on admission

Discussion

Measurement of CRP is cheap, easy and rapidly
available. However, the elevated level of serum CRP
is supposed to be unspecific, because high level of
serum CRP is also affected by several conditions,
such as trauma and surgery.'' High levels of CRP are
related to the severity of the disease and are often
associated with the effectiveness of antibiotic
therapy. Induction of CRP releasing is mediated by
the stimulation of pro-inflammatory cytokines, such
as interleukin-6 (IL-6), IL-1 as well as tumor necro-
sis factor-o (TNF-a). Therefore, the synthesis and
secretion of CRP from hepatocyte usually reflects
pro-inflammatory cytokine production. CRP secre-
tion began 4-6 hours after inflammation stimulus,
doubled every 8 hours and peaked at 36-50 hours.
CRP has a short half-life of 19 hours, so as soon as
the stimulus is stopped, it falls rapidly.'? If the main
cause of the elevation persists, CRP can remain ele-
vated for long periods. An elevated level of CRP oc-
curs in most systemic inflammations or infections.

In our study, mean TBSA was higher in the deaths
group than among the survivors, although this was
not significant. Our study was similar to a study by
Al-Ubady et al., which showed that mean TBSA was
63.5% in the non-survivor group, and 26.5% in the
survivor group (p=0,00)."2 A study by Xu et al.
showed that percentage of TBSA was greater in the
deaths group (92+7%) than in the survivors group
(89+11%), and higher TBSA had a significant
association with mortality."* Nowadays, progressive
treatments in burn patients has led to a significant
reduction in mortality. A study by John et al. showed
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that CRP level reached a peak on the 7™ day after
burn (21+4,4) mg/dl, while in the control group the
CRP level was lower (9,7£2,9) mg/dl. CRP reached
a peak on the 7" day in moderate burn patients
(<50% TBSA), and it peaked on the 5" day in
severely burned patients (>50% TBSA)."

In our study, all patients received empirical
antibiotics, ceftazidime as a routine prophylaxis
antibiotic. All patients in our study had deeper burns,
also known as partial-thickness or full thickness
burns. The risks for infection are usually common
in partial and full thickness burns; also complica-
tions of infection proportionally increase with the
depth of the burn compared to grade I burns. One of
the therapies for deeper burns is administration of
systemic antibiotic, even though clinical evidence
for administration of systemic antibiotic is lacking.
The international society for burn injuries suggests
not using systemic antibiotics as prophylaxis in
acute burns, according to a meta-analysis study in
adult burn patients.!

In this study, we found on admission that the
greater the area of burn, the higher the CRP level.
However, the correlation between total body surface
area and CRP level was not significant by Pearson
correlation (r=0,489; p=0,064). In addition, at day 7
post admission, CRP level was not correlated with
leucocytes (r = -0,270; p=0,330). Our study is simi-
lar to a study by Jeschke et al., who reported that the
larger the TBSA, the higher the level of CRP.'* Our
study was also similar to a study by Lavrentieva et
al., which showed that there was no significant dif-
ference in CRP level between burned patients with
TBSA more than 60% (16,2+8,3) and those with less
than 60% (15,1£6,3) on admission."”

A study by von Heimburg et al. showed that on
admission there were no significant differences in
the serum level of CRP among the no septic comp-
lications group, the septic complications group, and
the patients who died in the sepsis group.'® Our study
is similar to a study by Xu et al., which showed that
there was no significant difference between the me-
dian of CRP (23,9) in the deaths group compared to
the survivors group (8,5), and also that there were
no significant differences in CRP between the deaths
and the survivors group at one week post diagnosis
of sepsis.!® A study by Csenkey et al. showed that
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developing infection, both local and systemic, was
not significantly different between groups who re-
ceived and did not receive systemic antibiotics. Also
chance of systemic infectious complications was not
different between the two groups.'

In our study, CRP level was persistently high
from day O until day 7 post burns. A study by Me-
nendez et al. showed that a persistently high level of
serum CRP on days 1 and 3 in the follow-up of pa-
tients with mild-to-severe pneumonia was directly
related to a high risk of therapy failure.?’ A study by
Bruns et al. showed that severe community-acquired
pneumonia patients with low decline in CRP also
had a higher risk of therapy failure, although this
was not statistically significant.?! Our study showed
that delayed decrease in CRP levels was associated
with inappropriate empirical antibiotic treatment. In
contrast, CRP level that returns to the normal range
might indicate that duration of antibiotic treatment
is sufficient, making it possible to discontinue
antibiotics or switch to oral antibiotics. Administra-
tion of systemic antibiotics was useful in severe burn
patients with mechanical ventilation and patients
who required skin graft procedures.” In our study,
burn injury resulted in persistent elevation of leuco-
cytes, neutrophils, and neutrophil-lymphocyte ratio
on admission until day 7. A study by Dinsdale et al.
showed that in thermal injury, level of leucocytes
and neutrophils was elevated significantly on day 1
post burns compared to the control cohort.* A study
by Stoilova et al. showed that there was a significant
increase in leukocytes on day 0 (10792 + 990.89)
and on the seventh day (12113 = 1219,7) compared
to the controls (7000 + 3500).%*

The high neutrophil-lymphocyte ratio over the
seven days post burn indicates higher levels of neu-
trophils and lower levels of lymphocytes. Our results
are consistent with a study by Fuss et al., which sho-
wed that the neutrophil-lymphocyte ratio was sig-
nificantly higher in burn sepsis patients than in SIRS
burn patients.?® Another study by Surbatovic et al.
showed that the median of NLR in the non survivors
group is significantly higher - 12,26 (7,72-18,25) -
than that of the survivors group - 9,91 (6,17-13,78)
- in critically ill and injured patients.?® Lymphocytes
play an important role in regulating inflammatory
response, and in decreasing lymphocytes due to per-



sistent sepsis-induced apoptosis which may lead to
suppressing the immune system and unresolved in-
flammation.?’?® Therefore, an increase in NLR may
indicate patients with persistent inflammation, toget-
her with concomitant decreased survival rates.

The pharmacokinetics of ceftazidime are mainly
eliminated by renal excretion via glomerular filtra-
tion. More than 88% of the initial dose of ceftazi-
dime is eliminated in the urine over 24 hours as
unchanged drug. The hypermetabolic phase after
burn, characterized by reduced renal blood flow, af-
fects the pharmacokinetics of ceftazidime. As a con-
sequence, a 2-3 gram dose of ceftazidime every
eight hours may be inadequate in burn patients or in
critically ill patients. In our study, ceftazidime was
administered by IV bolus injection. Continuous in-
fusion of ceftazidime may optimize the pharmaco-
dynamics with adequate antibacterial activity for 24
hours. A study by Conil et al. suggested that doses
between 3 and 16 g per day are sufficient to treat in-
fection in burn patients.”

The other findings in our study are that in the sur-
vivors group with inhalation trauma, CRP level was
higher (19,37 + 8,87) mg/dl than in those without in-
halation trauma (12,63 + 4,80 mg/dl with p value
0,085), and also burn size in the deaths group was
higher than that of the survivors group. In our study,
we found that in the deaths group, all patients had
inhalation trauma. Morbidity associated with
inhalation trauma is produced by exposure to heat
and inhaled toxin. Mortality increases to a maximum
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of 20% by inhalation trauma alone and 60% when
inhalation trauma and pneumonia occur in burn
patients.’® Inhalation trauma has been suggested to
be an independent factor in mortality in burn patients
and can worsen the condition of burn patients even
with the same age and burn size.’!

The results of this study indicate that shortly after
the patient is hospitalized, a culture examination
should be carried out, especially in burn patients
with a high suspicion of infection. In this way, the
bacterial isolate and antibiotic sensitivity can be
identified. Thus, the use of antibiotics can be more
appropriate. The limitation of this study is the small
number of samples, so our results may not represent
the overall condition of burn patients. Another
limitation was that some factors that can affect CRP
level were not controlled, such as surgery or
debridement, analgesic and steroid use.

Conclusion

The administration of ceftazidime as an empiri-
cal antibiotic lowers CRP level, although this is not
significant. Level of leucocytes, neutrophils, lymp-
hocytes, and ratio of neutrophils to lymphocytes
was still increased after 7 days of ceftazidime ad-
ministration. Further studies are needed with a lar-
ger sample size and other variables that can affect
CRP level, or other inflammatory markers should
be investigated.
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