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EFFECTS OF EMPIRICAL ANTIBIOTIC ADMINISTRATION ON
THE LEVEL OF C-REACTIVE PROTEIN AND INFLAMMATORY
MARKERS IN SEVERE BURN PATIENTS
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VEAUX DE MARQUEURS DE L'INFLAMMATION, DONT LA CRP
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EUMMARY, Severe bums leod 8000 high level of mfsmmation and high risk of mfecton. Inflammaiory ke

markers are usunlly used wopredict the severty of inflafrmation or infecton and 10 ssgess the efficacy of antibiotics.
Thiz use of antibiotcs in burns 15 still controversial The am of this study 55 to assess the effects of empincal as-
tibiotics on kevel of Cepepctive prtein (CRP) amd other inflammatory markers (kucocyies, neutrophils, mpho-
cytes, and rano of neutrophils-lymphocytes) in severe burn patiests, This cohor study was conducted m the bum
wnit of Dr. Soetomo Hospital bepween Apeil and Movember 2019, CRP and other inflammateny markers wene
mecasured on admssion, day 5, and day 7 afier e adminisiration of empidcal antbsotics. Fificen severe bum pa-
tiemts wiere enrolled in this suidy, A patkas received Ceflaadime, 3x1 gmm dunng seven diis of ks pitalization.
CRP leved reduced from 15,7867 5 mg/d] to 14984 10,29 mgidl (pr=0,705) by paired-1-test. Ther were no signif-
wont differences i mean decline of CRP between day 0-5 and 0-7. There was o decrease in inflammatory mar-
kers, including levcocyies, newrophils, emphecyies and ratio of newirophil-rmphocyies durmg seven days of
empincal anfbiote sdrmmstatson, Ouwr coaclusions are that the adminisimtion of ceflekime as an empincal
artibidic lowers CRIP kevel, althoogh nod significantly, while there is no decrease in severad inflammatory markers

Eevwords: sevene burms, c-peactive protein (CEPL inflammarery markers, empieical snabioic
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Introduction

Burn injury 15 one of the mosl taumatic mjurnes. '
Burn leads o hgher morbidity amdmaorality than
any other type of Faumatic injury.” ﬁ:.;m:mic inflani-
miatory response syndréme (SIRS) and sepsis are
penerally overlapped in buirn patients. SepRis s pro-
posed as the major cause of death in burns.? There-
fore, the ideal biomarkers are needed io distinguish
infleammation or infection, and even sepsis. This
phenomenoen causes withholding, delaying, or even
overusing antibiotic therpy in bum paticats.” C-pe-
active prodein or CRP s a commen marker that 15 re-
leased exrensively in acute mflammatory response,
and elevated CRP level is associated with the clineal
vutcome of infection, & CRP kevel of more than 8
mg/dl can distinguish inflammatony response to in-
Fecticn from ather tvpes of inflammation, indicating
that levels of CRFP can be predictive of sepsis or in-
lection.”

The peak of inflammatory response usually ooe-
urs within 5 to 7 dovs after bum.” In burn potients,
antikiotics are used immediately after bum, without
walting for the sensitivity test of antibiotics. Cefta-
Zidime is the most widely wsed antibionie in burn pa-
tienis, especially m patients that are suspected of
having Pretdonmonas aertgimosa mfection.” There-
fore. cefiazidime & commonly called upon as empi-
penl  antibiotic o burns 1o treat  nfectron.
Measurement of the serum level of Coreactive pro-
tein (CEPY 15 a simple, rapid and mexpeasive pro-
cedure, and measerement of CRP level hag
consequently become routine clinical practice in the
Folloow-up F patients hospitalized with severe infec-
tions.” Bum leads to an alieration in immuane re-
sponse, usually charmcterized by an increase in
peutro@hil count and & decrease i lymphocyte
count, & stody by Zahorec of al, showed that the
measurement of neutrophil-lvmphocyie ratiods use-
ful a5 a parameter of mflammation as well as of
siress stafe in critically il patients."

However, study or evidence on the usefulness of
consecutive CREF measurermeints as well a8 neutrop-
hils, lvmphooyies, and neutrophil-lymphecyic ratio
for follow=up of antibiotic treatment in bum patients
is Incking. The question of whether level of CRPF and
other inflammatory markers can decrease after the
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admmigtration of antibiotics is shll unclesr. There-
fare, the aim of this study wias to examing the effects
of empincal antibiotic sdmimstration on CRP levels
and other inflammatory markers in severely burmed
paticnts. ILis expected that knowledge of CRP levels
and other inflammstory markers con be wsed o ova-
luate and shorten the use of antibiotics, and prevent
side effects as well as antibiotic resistance.

Materials and methods

Sty design

Thi seven-day cohort study was conducied in
the infensive cane unit and burn centre of Dr. Sog-
tomc Hospital. Surabaya. Ethical clearance for this
study was granted by the Ethics Commuttee for He-
alth Research of the Dy, Soetoma Hospital, with re-
gistrabion number 105TKEPESAIZ0LY, Bum
putienis admined between April and November
209 were included n this study. The main resear-
cher explaned the sudy protocol, including proce-
dures, as well a5 risks and benefits to patients
Wiitten informed consent was obtained from all
burned patients and’or their guardians, Then, if
they agreed to take part in this study, patients or
theirfamilies signed infommed consent,

Inclusion eriteria for patients to be enrolled in
this study were: ape mors than 18 vears old; ex-
tegnzive buens with severo burn crteria beas than 34
hours before admission; TBSA of more than [0%:;
patients who recerved empincal antibiofics intra-
venously dunng the initigl seven days of hospita-
lization: willingness o sigh informed Sonsent 1o
participate. Severe burns {according to American
Burn Asspciotion criteria) were: 1) Second degree
o e bures o adiles; 2) Second degree or mose
bums in children; 3) Third degree burns of 10%% or
more: 43 Bums on the hands, fice, ears, eyes, feel
and genitalia; 5) Burns with inhalation trauma,
electnic burns, accompanied by ether trauma, Exc-
lusion crteria were: patient had received antibio-
tics before admission 10 hospial, panent was
expecied to die within 48 hours; paticot had his-
tory of cardiovasculor disense, metobolic syn-
drome and autimmune disease. Drop oul eriteria
were: paticnt died during the study, withdrew from
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the study, or there was a change of antibiofics be-
Fore the 7 davs of empincal antibiotic use. All pa-
tients receved standand medical bum treatments,
including antibiodics, stress ubkcer therapies, anal-
pesics, total paredtral nurrition as well as debri-
dement surgeries, Percentage of total body surfnce
aren wiad measueed by the Wallace mule of nines.
Transfusion of plaisma expanders and blood com-
pomsents {whoele Blood or packed red cells) were ad-
minstered if needed.

Blood measurement for markers

Serum CRP levels and other inflammatory
markers ware meagured on firgt admisgion o the
hospital, on dav 5 and day 7 after burn, Two mi
of venous blood samples were taken 1o measure
CRP level and Complete Blood Count (CBC),
including leucocyies, nzutrophils and lvmphocy-
tes. For CBC measurement. the blood samples
wWere [nken 1ni@ Vaculalner-EDTA, and for CEP
measurement. the blosd Samples were 1aken into
Vacutamer-nen EDTA. A complete blood count
was determined by a cytometry-hased system,
Serum CRP level was measured quantitatively by
immunotrbidicy methods. Level of CRP loweér
than 10 mg/dl was considered normal for burn pa-
pents The nevtrophil-lymphocyie matio wag cal-
culated by dividing the neutrophil count with the
Iymphocyic count, The normal value of noutrop-
hil-lymphocyte ratio was 2-d,

Statistioal anafysiz

The sample size of this stody was caleulated
based on previous smily of CRPP levels in bum pa-
tients. To asscss the normality of the variables, the
Shapiro-Wilk test was used due to the small number
6f paticnts. The chi-square test was performed for
categoncal vanables. The paired-r test waz used fo
evalnate differences in CRP level, newtrophils, [vmp-
hocytes, and mtio of neutrophil to lymphocyte on
adimission (day 0, day 5, and after the adminisirs-
tion of empirical antibiotics (day 7). To assess the
relationship between wial body surface area {TBESA)
pnd CRF level, and also (o assess the relationship
between level of CEP pnd lewedeyies on day 7, the
Pearson correlation was used. Pyvalue lezs than 0,08
was considered statistically significant.

Kesulis

Eightesn severe burn patients fulfilled the incla-
wion criteria between April and November 2009,
Theee paticnis were dropped out due w them passing
nawny before completing seven dovs of empineal an-
tibiotic adimimatration. The causes of buems i his
study are shownin Fig. [, The demographic data of
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b paticits is shown in Table 1Al patients recci-
ved Ceftseidime 3x1 gram intravenously over the
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initial seven days of hospitalization. Level of CRP
and other inflammatory markers for the sureisors
and For the deaths group is shown in Table If. Levi
of CRP and other inflammatory markers over the
seven davs of empirical antibiotie adminisication s
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shown in fabde £, Amean dechne in CRP between
days 0=3 and days 5T is shwwn it Tadle IV, Comre-
lation between CRP and THSA on admission is
shown in Tefe 1. Comelation between CRP and keu-
cocytes on day 7 is shown in Tabde P
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CREP fevel in the survivors group with inhalation
trauma and without inhalation trauma on admisson
is shown in Fig. 2 CRP level between the survivors
group and the deaths group with inhalation trauma
on admssion s shown in Mg 7,
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iseussion

Measurement of CRP is cheap. easy and rapidly
available. However, the elevated level of serum CEP
i5 supmaged to be unspecific, because high level of
serumn CRP i also affected by several conditions,
such s i and surgery,' High levels of CRP are
related to the severity of the diseade and are often
associnted with the effectivencss of snobibiotx
thesapy. Induction of CRP releasing is mediated by
the stimulation of pro-imflammatory cytekines, such
as mitesleukin=6 {IL-6), IL-1 as well as tumor necro-
si15 factor-o (THF-a). Therefore, the synthesis and
seeretion of CREP from hepatocyle usually reflects
pro-inflammatory cytokine production. CRP secre-
tion begfin 4--6 hours ofter inflammation stimwlus,
doubled every 8§ hours and peaked af 36-50 hoors.
CRP has a short half-lifghot 19 hours. s0 as soon as
the stimulus = stopped, it Blls rapidly,'* 1T the miin
cause of the elevation persists, CRFP can remain cle-
vated for ong persods An elevated level of CRP og-
curs in mast systemic inflammations or infections.

In our 3tudy, mean TBSA was higher in the deaths
group than among the survivors, although this was
not significant, Our study was similar to 3 study by
AlUbaidy ef al., which showed that mean TESA was
6:3.5% m the non-survivor gigup, and 26.5% m the
gurvivir groap (p=0,00)." A si@dy by Xu et al,
showed that perceniage of TBSA was greater in the
denths group (Y2 74%) than i the survivors group
(39:11%], and higher TBSA lad a significant
association with mortality. " Nowidays, progressive
treatments in burn patients has led oo significant
reduction in mortality. A study by John et al. showed
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that CRP level reached a pesk on the ™ day after
burn (2 124,47 mgidl, while i the control geoup the
CRP leved was lower (9,7+2.9) mg/dl, CRP reached
d peak on the 7 day i moderae bum patients
(=30% TBSA), and n peaked on the 5% day in
severely bumed patients (=50% TBESA]M

I our study, all patients received empirical
antibiotics, ceftazidime as a routine prophylaxis
anfilbdotie, All patients in our stdy had deeper bums,
alsp known as partial-thickness or full thickness
burns, The nsks for infection are usually common
in pamial and full thickness bums; also complica-
thons of mfection proportionally inenese with the
depth of the burn companed to grade [ bums. One of
the therapies for decper bums is adonnistration of
syatemic anfibione, even though clinical evidence
for adnumistration of systemic antibiotic is lackng.
The international society for bim injunes sugoesis
nob using systenuc anbibioties as prophylaxis m
acure burms, sceording woa metd-analysis study in
addult buen patiears ™

In this study, we found on sdmission thet the
greater the area of burn, the higher the CRP level,
However, the correlafion between total body surface
ared and CRP level was not significant by Pearson
correlation (r=0, 489; p={), (4. In addition, af day 7
porst admission, CRP level was not correlated with
leucoeytes {r = -0.2 T p=0,330). Our study i simi-
lor to o study by Jeschke et al., whe reported that the
larger the TEBSA, the higher the level of CRE" Our
study wes also similar # 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% (16,228,3 ) and those with less
than 64% {15, 1+6,3) on admission '

A studvilsy von Heimburg e al. showed that on
admission there were no significant differences in
the serum kevel of CEP among the ne septic comp-
Bcations growap, the septic complications group, amd
the patients who died in the sepsis group. ™ Our study
is similar o @ stody by Xu et al., which showed that
there was no significant difference between the me-
dion of CTRP (23,9 i the deaths group compared 1o
the survivors group 8,5, and alse that there were
na significant differences in CRIF between the deaths
and the survivBs group at one week post diagnosis
of sepsis.” A study by Csenkev et al. showed that

P

developing infection, both local and systemic, was
not significantly differsnt between groups whi re-
cerved and did not receive systenue antibachics. Also
chance ofsystermc infections complicatiodns wis i
different between the two groups. "™

In our study, CRP level wos persistently high
froms day O unnl day 7 post bums. A sty by Me-
nendez ef al. showed that a persistently high level of
serum CRP oo davs | and 3 in the fellow-up of pa-
tients with muld-to-severe pneumonia was directly
refated 108 igh nsk of therapy failure™ A study by
Bruns ot al. showed that severe community-pequired
preumonis patients with low decling i CRP also
ot a higher risk of thesapy failuce, although this
was not statistically signifigant ' Our study showed
thi delayed decrease in CRP levals was associed
with inappropriste empirical antibiotic treatment. In
coditrast, CRF fevel that retims to the normal mnge
might indicate that duration of antibiotic treatment
i sufTicient, making i@ possible w disconiineg
adstibvictics ar 2witch 1o cral antibeotics. Adoministea-
tiom of systemie ontibiotics was useful in severe bum
patients with mechamical ventilation and patients
who required skin graft procedures. In our study.
bitrn injury resulted in persistent elevation of leugo-
cytes, neutrophils, and neutrophil-lymphocyte ratio
on admission unil day 7. A stody by Dansdale et al,
showed that in thermal injury, level of leucocyies
and neutrophils wis clevated significontly on dey |
post burns compared to the control cohort.* A smudy
by Stoalova et al. showed that there was a significant
increase in leukocvies on day O (10791 = Q0L ET)
and on the seventh day (12113 + 1219.7) compared
o the codtrols (7O £ 3500,

The high nevtrophil-lymphocyte ralio over the
seven davs post burn indicates higher levels of pew-
trophils and lower leveb of vmphocyics. Our results
are consistent with a stody by Fuss et al,, which sho-
werd that the neutrophil-lvmphocyte ratio was sig-
nificantly higher in burn sepsis patients than m SIRS
biirn panents.— Ansther study by Surbatovie e al,
showed that the median of MLE io the non survivors
group s sgnificantly higher = 1L2647,72-18,253] -
ihian that of the survivars group - 9,91 (6,17-13,78)
=incnticelly il ond injured patients.” Lymphooytes
play an important role in regulaing inflammatory
response, and in decressing lvmphocytes due to per-




sistent sepsis-induced apoptosis which may lead to
suppressing the immune system and wmresolved -
Nammation.*™ Therefore, an mcrease in NLE may
imdiEae patsenis with persistent inflammation, toget-
het with concamitnt decreased swvival rates.

The pharmocokingtics of ceftnzidime are mainly
clivmnated by renal exeration via glomerular filtea-
eon. More than 83% of the instial dose of ceftam-
dhme 15 eliminated in the urine over 24 hours as
unchanged drug. The hypermetabolic phase after
b, characterized by reduced renal blood flow, af-
fects the phummc'u:-kin:ties of ceftazidime. A= a con-
soquence, & 2<3 gram dose of ceftazidime EVETY
zight Emursm:t_'r be irsadequate i burn patients or in
critically 1l patients. In our study, ceftamdimc was
adminigterad by TV bolus injectiion, Continuous in-
fiwion of ceftazidime may optimize the pharmaco-
dvmimics with adequate antibactenal activity for 24
bours. A study by Conil et al. suggesied that doses
berween 3 and 16 g per day ore sufTicient o e in-
fection i burn patcats.™

The other findings in our study ore thot in the sur-
vivors group with inhalation trauma, CRP level was
higher (19,37 £ 5,587y mg/dl than in theose without in-
halation trauma (12,63 & 80 mgdl with p value
{1,085}, and also burn size in the deaths group was
higher than that of the survivors geeugs 1o our study,
we found that in the deaths group, all patients had
mmhalation  troumn, Morbadity  associoted  with
mnhalation irawma iz produced by exposure to heat
and mhaled toxin. Mortalny moreases to a mimum
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of 2% by inhalation trauma alone and 60% when
inhalation trauma and pneumonia occur in burm
paticnis.* Inhalation trauma has been sugpested 1o
be an independent Gactor inmortality in burn patienis
amd can worsen the condition of buen paticnts even
with the same age and burn size.”

The resultz of thid study indicate that shortly after
the patient 15 hospitaloeed, a culiure examination
should be carried out, especially in burn patients
with a high suspicien of mfection. In this way, the
bacienal isolate and anfibigdic sensitivity can be
identified. Thus, the use of antibiotics can be more
appropriae, The limitstion of this study is the small
number of samples, 2o sur resulis may nol represent
the overall condition of bum patients. Another
BimitEaon was st 2ome factors that can affect CRP
level were not controlled, such as surgery or
debridement, analgesic and sterodd use.

Comneluston

The administration of cefrazidime o an empiri-
cal antibiotic lowers CRP level, although this 15 not
significant, Level of leucocvies, neutrophils, lvmp-
hocytes, and rato of neutrophils to lymphocytes
wi a6l nereased after 7 days of ceftazidime aid-
ministration. Further studies are needed with a lar-
ger sumiple size and other vanables that con sffect
CRP level, or other inflamimatory mackess showkd
be investipated.
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