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Abstract

Streszczenie

Aim of the study: The aim of the study was to assess the clinical utility of inflammatory markers for differentiating the
aetiology of diseases associated with fever in children. Material and methods: A retrospective analysis was performed on
the medical records of 1,454 children (658 girls and 796 boys) hospitalised at a paediatric department in 2016-2017 for
diseases associated with fever. The analysis was performed on the whole study group, which was divided into the following
age groups: children in their 1* year of life (n = 422; 29.1%), children between their 2" and 6" year of life (n = 870; 59.8%)
and children from their 7* year onwards (n = 162; 11.1%). The following inflammatory markers were analysed: white blood
cell count, C-reactive protein level, procalcitonin level, erythrocyte sedimentation rate and neutrophil-to-lymphocyte ratio.
Results: C-reactive protein, erythrocyte sedimentation rate and neutrophil-to-lymphocyte ratio turned out to be useful in the
identification of aetiology of upper and lower respiratory tract infections in all children (p < 0.05). Higher inflammatory
marker values were observed in compound infections as opposed to single conditions (p < 0.05). C-reactive protein
and erythrocyte sedimentation rate were proven to be useful in identifying the aetiology of acute gastroenteritis. A detailed
analysis was performed on the group of children in their 1% year of life. It revealed that inflammatory markers were higher
for urinary tract infections than for lower respiratory tract infections and gastroenteritis (p < 0.05). Conclusions:
Inflammatory markers may be helpful for determining the aetiology of infectious diseases associated with fever in children.
However, therapeutic decisions should always be taken based on the complete clinical picture.

Keywords: inflammatory markers, pneumonia, acute gastroenteritis, urinary tract infection, children

Cel: Celem pracy byta ocena przydatnosci klinicznej wskaznikéw stanu zapalnego w réznicowaniu etiologii choréb
przebiegajacych z goraczka u dzieci. Material i metody: Analizie retrospektywnej poddano dokumentacje medyczna
1454 dzieci (658 dziewczynek i 796 chlopcoéw) hospitalizowanych na oddziale pediatrycznym w latach 2016-2017 z powodu
choréb przebiegajacych z goraczka. Analize przeprowadzono w calej badanej grupie, z podziatem na nastgpujace grupy
wiekowe: dzieci w 1. roku zycia (n = 422; 29,1%), dzieci migdzy 2. a 6. rokiem Zycia wlacznie (n = 870; 59,8%) oraz dzieci
od 7. roku zycia (n = 162; 11,1%). Przeanalizowano warto$ci parametréw stanu zapalnego: liczbe leukocytéw, stezenia biatka
C-reaktywnego, prokalcytoniny, odczyn Biernackiego oraz wskaznik NLR (stosunek bezwzglednej liczby neutrofilow
do bezwzglednej liczby limfocytow). Wyniki: W réznicowaniu etiologii zakazen gérnych i dolnych drég oddechowych
u wszystkich dzieci przydatne okazaly si¢ stezenie bialka C-reaktywnego, odczyn Biernackiego oraz wskaznik NLR (p < 0,05).
Wyzsze warto$ci wskaznikow stanu zapalnego odnotowano w przypadku infekeji ztozonych w poréwnaniu z pojedynczymi
jednostkami chorobowymi (p < 0,05). Wykazano przydatno$¢ stezenia biatka C-reaktywnego i odczynu Biernackiego
w réznicowaniu etiologii ostrego niezytu zoladkowo-jelitowego. Analizy szczegétowej dokonano w grupie dzieci w 1. roku
zycia, wykazujac wyzsze wartosci wskaznikéw stanu zapalnego w przypadku zakazen uktadu moczowego w poréwnaniu
z zakazeniami dolnych drég oddechowych oraz niezytem zoladkowo-jelitowym (p < 0,05). Wnioski: Wskazniki stanu
zapalnego moga by¢ pomocne w réznicowaniu etiologii choréb infekcyjnych przebiegajacych z goraczka u dzieci.
Jednak podejmujac decyzje terapeutyczne i lecznicze, nalezy zawsze bra¢ pod uwage calo$¢ obrazu klinicznego.

Stowa kluczowe: wskazniki stanu zapalnego, zapalenie pluc, ostry niezyt zotagdkowo-jelitowy, zakazenie ukladu
moczowego, dzieci
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INTRODUCTION

is one of the main reasons for parents to report

with their children to the emergency department or
a doctor’s office. Fever is a non-specific sign of a num-
ber of infections, particularly in the paediatric population.
Fever may accompany both serious bacterial diseases and
self-limiting viral infections. Due to the different manage-
ment and treatment of these infections, it is important to
be able to diagnose the aetiology of the infection quickly
and easily. However, physical examination is often insufhi-
cient for differentiating between diseases associated with fe-
ver in children®. Sensitive and specific laboratory markers
of infection may be helpful to this end®.
The first inflammatory markers to be used to detect a bacteri-
al infection associated with fever of unknown origin in chil-
dren were white blood cell (WBC) count and absolute neu-
trophil count (ANC)®. Later on, C-reactive protein (CRP)
and procalcitonin (PCT) tests appeared®>®. C-reactive pro-
tein is an acute-phase protein produced in the liver in re-
sponse to proinflammatory cytokines. The CRP level rises
very quickly in response to inflammation and drops equal-
ly quickly as the disease subsides. For this reason, it may be
used to monitor the infection?”. Procalcitonin, a calcitonin
precursor, is also released in response to inflammation, but
faster than CRP®¥; in addition, it reaches much higher lev-
els in bacterial infections than viral infections, thus allowing
one to differentiate between these two aetiologies®.
Another marker which may be helpful in the identification
of a bacterial infection is neutrophil-to-lymphocyte ratio
(NLR)®19. The advantages of NLR include low cost and
ease of calculation only based on a complete blood count.
Another frequently used inflammatory marker is the high-
ly non-specific erythrocyte sedimentation rate (ESR)"".
It is a marker of not only infection, but also of various sys-
temic or neoplastic diseases. An increased level of fibrin-
ogen that occurs in diseases associated with fever acceler-
ates the ESR!"'2.
Many studies have been conducted in order to devel-
op a method of distinguishing severe bacterial infections
from self-limiting viral infections using inflammatory
markers>13-1, However, the marker values were not com-
pared between different conditions.
The aim of this study was to assess the clinical utility of in-
flammatory markers for differential diagnosis of diseases as-
sociated with fever in children depending on their aetiology.

F ever, defined as body temperature exceeding 38°C,

MATERIAL AND METHODS

In this retrospective study, medical records were analysed
of 1,454 children (658 girls and 796 boys) hospitalised
in 2016-2017 at the Department of Paediatrics, Paediatric
Nephrology and Allergology of the Military Institute
of Medicine in Warsaw, Poland, due to diseases associated
with fever. The following conditions were identified: upper
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respiratory tract infection (URTI), lower respiratory tract
infection (LRTT) (divided into pneumonia and bronchitis),
urinary tract infection (UTI), acute gastroenteritis (GE; di-
vided into viral and bacterial GE), meningitis, sepsis and
compound infection (CI; coexistence of at least two infec-
tions in the systems mentioned above).

The analysis was performed on the whole study group,
which was divided into the following age groups: children
in their 1% year of life (n = 422; 29.1%), children between
their 2°¢ and 6™ year of life (n = 870; 59.8%) and children
from their 7% year onwards (n = 162; 11.1%). The following
inflammatory markers were analysed in every group: WBC,
CRP, PCT, ESR and NLR.

Measures of central tendency and their spread as well as statis-
tical distribution were determined for the analysed variables.
The non-parametric Mann-Whitney U test was used to com-
pare variables whose distribution was significantly different
from the Gaussian distribution. Every time, the probabili-
ty value of p < 0.05 was considered statistically significant.
Statistica 13.3 and Microsoft Excel were used for analysis.

RESULTS
Group profile

In the studied population, the most commonly diagnosed
condition was LRTI (n = 792; 54.47%). The next were: GE
(n = 285; 19.6%), URTI (n = 174; 11.97%), UTI (n = 120;
8.25%), CI (n = 68; 4.68%), meningitis (n = 11; 0.76%) and
sepsis (1 = 4; 0.28%). These results are presented in Tab. 1.

Children in their 1%t year of life

Among children in their 1* year of life the most commonly
diagnosed condition was LRTI (n = 270; 63.98%), followed
by: GE (n = 54;12.8%), UTI (n = 54; 12.8%) and CI (n = 22;
5.21%). In this age group, URTI (n = 19; 4.5%) and menin-
gitis (n = 3; 0.71%) were relatively uncommon.

Children from 2" to 6% year of life
Children from their 2™ to 6% year of life accounted for the
largest proportion of the study group. The most common

Diagnosis 1 2nd—gth From | All children

year year 7" year

onwards

LRTI 270 446 76 792
URTI 19 128 27 174
a 22 38 8 68
GE 54 198 33 285
Sepsis 0 4 0 4
Meningitis 3 5 3 N
uTl 54 51 15 120
Total 422 870 162 1,454
LRTI - lower respiratory tract infection; URTI — upper respiratory tract infection;
(I - compound infection; GE — gastroenteritis; UTI — urinary tract infection.

Tab. 1. Number of cases of different conditions by age group
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WBC CRP PCT ESR NLR
Lower | Median | Upper | Lower | Median | Upper | Lower | Median | Upper | Lower | Median | Upper | Lower | Median | Upper
quartile quartile |quartile quartile |quartile quartile | quartile quartile | quartile quartile

LRTI 8.840 | 12.150 | 16.210 | 0.200 | 0.700 | 2.100 | 0.110 | 0.230 | 0.825 | 10.000 | 16.000 | 30.000 | 0.504 | 1.217 | 2.644
URTI 8703 | 11.995 | 17.125 | 0.200 | 1.800 | 4.825 | 0.160 | 0320 | 0.838 | 9.750 | 21.500 | 41.000 | 1.054 | 1.885 | 3.732
a 11.148 | 15.165 | 20.225 | 1.050 | 3.900 | 8.400 | 0.340 | 0.935 | 2.510 | 21.000 | 38.000 | 53.250 | 0.866 | 1.656 | 2.838
GE 7.705 | 10.570 | 14.605 | 0.100 | 0.400 | 1.300 | 0.173 | 0.200 | 0.323 | 6.000 | 11.000 | 18.750 | 0.931 | 2.207 | 4.661
Sepsis 23.825 | 26370 | 27.930 | 9.100 | 17.700 | 25.675 | 5.925 | 8750 | 11.145 | 36.500 | 61.000 | 67.500 | 4.028 | 5.506 | 7.619
Meningitis| 12.965 | 18.510 | 21.885 | 0.500 | 1.400 | 5.600 | 0.080 | 0.280 | 0.410 | 9.250 | 13.000 | 27.750 | 3.016 | 6.344 | 12.649
uTi 9.998 | 13.475 | 17.373 | 0.100 | 1300 | 4.700 | 0395 | 0.810 | 1.478 | 9.750 | 19.000 | 45.000 | 0.637 | 1.132 | 1.915
WBC — white blood cells; CRP — C-reactive protein; PCT — procalcitonin; ESR — erythrocyte sedimentation rate; NLR — neutrophil-to-lymphocyte ratio; LRTI — lower
respiratory tract infection; URTI — upper respiratory tract infection; CI — compound infection; GE — gastroenteritis; UTI — urinary tract infection.

Tab. 2. Inflammatory marker values for different conditions in all children

diagnosis among them was LRTI (n = 446; 51.26%). These
children also had a relatively high rate of GE (n = 198;
22.76%) and URTI (n = 128; 14.71%). The conditions which
were less commonly diagnosed in this group included: UTI
(n =51;5.86%), CI (n = 38; 4.37%) and meningitis (n = 5;
0.58%). Cases of sepsis were observed only in this age group
(n=4;0.46%).

Children from 7t year of life onwards
In the oldest children, the diagnosis data were the following:
LRTI (n = 76; 46.91%), GE (n = 33; 20.37%), URTI (n = 27;

1.23%), UTI (n = 15; 9.26%), CI (n = 8; 4.94%) and menin-
gitis (n = 3; 1.85%).

Inflammatory marker values for different conditions are
presented in Tab. 2 (for all children) and 3 (per age group).

Differential diagnosis of medical conditions
based on inflammatory markers

All children
The utility of inflammatory markers was also analysed
with regard to differentiating between medical conditions.

WBC CRP PCT ESR NLR
Lower | Median | Upper | Lower | Median | Upper | Lower | Median | Upper | Lower | Median | Upper | Lower | Median | Upper
quartile quartile quartile quartile/quartile quartile|quartile quartile|quartile quartile
1% year 10.100 | 12.630 | 16.060 | 0.100 | 0.300 | 1.200 | 0.095 | 0.240 | 0.700 | 7.000 | 11.000 | 21.000 | 0.251 | 0.430 | 0.919
E 2"—6"year | 8.870 | 11.895 | 15.855 | 0.300 | 1.000 | 2.700 | 0.138 | 0.320 | 0.938 | 12.000 | 19.000 | 35.000 | 0.915 | 1.702 | 3.375
From7*%year | 7.290 | 10.280 | 14.720 | 0.200 | 0.900 | 2.775 | 0.098 | 0.120 | 0.163 | 10.000 | 17.000 | 29.500 | 1.585 | 2.830 | 5.450
_ [ T*year 7.620 | 14.870 | 18.245 | 0.100 | 0.300 | 1.800 | 0.310 | 0.320 | 0.650 | 8.500 | 11.000 | 27.750 | 0.418 | 0.645 | 1.539
'==_= 2"-6™Myear | 9303 | 12.100 | 16.420 | 0.425 | 2.250 | 5.150 | 0.185 | 0.420 | 0.943 | 11.000 | 25.000 | 43.000 | 1.149 | 2.000 | 3.957
From 7™ year | 7.993 | 8.940 | 13.975| 0.100 | 1.600 | 3.000 | 0.070 | 0.130 | 0.250 | 4.000 | 10.500 | 28.000 | 1.548 | 2.416 | 4.897
1 year 11.010 | 15.560 | 19.880 | 0.500 | 2.600 | 5.600 | 0.255 | 0.330 | 0.508 | 12.000 | 33.000 | 59.000 | 0.349 | 0.689 | 1.536
S [ 2v-6"year | 11.930 | 15.445 | 20.980 | 2.100 | 5.600 | 10.875 | 0.440 | 1.050 | 2.775 | 32.500 | 42.500 | 58.250 | 1.501 | 2.230 | 2.981
From7*"year | 6.308 | 11.120 | 15.975 | 0.800 | 3.750 | 6.700 | 0.140 | 0.140 | 0.140 | 20.500 | 28.000 | 31.000 | 1.809 | 3.173 | 6.149
1+ year 8.850 | 10.920 | 13.900 | 0.100 | 0.200 | 0.500 | 0.175 | 0.180 | 0.190 | 5.000 | 9.000 | 18.750 | 0.368 | 0.673 | 1.385
S | 2™-6Myear | 7.565 | 10.690 | 14.920 | 0.100 | 0.400 | 1.400 | 0.185 | 0.225 | 0.533 | 6.000 | 11.000 | 21.000 | 1.072 | 2.394 | 4.613
From7*%year | 6.730 | 9.470 | 14.770 | 0.100 | 0.900 | 1.700 | 0.130 | 0.180 | 0.340 | 3.750 | 8.000 | 12.500 | 3.863 | 5.778 | 15.103
w | Tyear 23.825 | 26.370 | 27.930 | 9.100 | 17.700 | 25.675 | 5.925 | 8.750 | 11.145 | 36.500 | 61.000 | 67.500 | 4.028 | 5.506 | 7.619
?-,- 2"-6Myear | Nodata| Nodata | Nodata | Nodata | Nodata | No data | No data | No data | No data | No data | No data | No data | No data | No data | No data
“ | From7* year |Nodata | Nodata | No data | No data | No data | No data | No data | No data | No data | No data | No data | No data | No data | No data | No data
£ |1tyear 13.865 | 18.990 | 19.635 | 0.750 | 1.400 | 1.850 | 0.148 | 0.215 | 0.283 | 4750 | 6.500 | 8.250 | 1.151 | 2.120 | 2.523
E 2"-6Myear | 18510 | 23.490 | 25.790 | 0.500 | 6.800 | 8.500 | 0.280 | 0.410 | 0.590 | 15.000 | 32.000 | 44.000 | 4.516 | 8.364 | 11.329
= |From7%year | 9.075 | 10120 | 12.965 | 0.650 | 0.800 | 2.600 | 0.078 | 0.115 | 0.153 | 9.000 | 9.000 | 11.000 | 10.824 | 15305 | 20.004
1 year 11.668 | 14.600 | 20.048 | 0.100 | 0.900 | 4.825 | 0.260 | 0.710 | 0.930 | 11.000 | 28.500 | 44.000 | 0.404 | 0.963 | 1.360
5 [2™-6"year | 9.805 | 12.920 | 15530 | 0.100 | 2.000 | 5.700 | 0.530 | 1.440 | 2.720 | 10.000 | 17.000 | 49.500 | 0.783 | 1.096 | 2.135
From 7" year | 8.005 | 10.270 | 11.840 | 0.125 | 0.700 | 2.275 | 1.840 | 3.580 | 5320 | 9.000 | 13.000 | 31.000 | 1.610 | 2.260 | 3.661
WBC - white blood cells; CRP — C-reactive protein; PCT — procalcitonin; ESR — erythrocyte sedimentation rate; NLR — neutrophil-to-lymphocyte ratio; LRTI — lower
respiratory tract infection; URTI — upper respiratory tract infection; Cl — compound infection; GE — gastroenteritis; UTI — urinary tract infection.

Tab. 3. Inflammatory marker values for different conditions by age group
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LRTl vs. URTI
z p

WBC —0.520187 0.602934

CRP —4.99247 0.000001

PCT —0.755124 0.450175

ESR —2.97958 0.002887

NLR —5.55664 0.000000
LRTI - lower respiratory tract infection; URTI — upper respiratory tract
infection; WBC — white blood cells; CRP — C-reactive protein; PCT -
procalcitonin; ESR — erythrocyte sedimentation rate; NLR — neutrophil-to-
lymphocyte ratio.

Tab. 4. Markers used to differentiate between LRTI and URTI

CRP, ESR and NRL turned out to be useful in the differ-
entiation between URTIs and LRTIs. The values are high-
er in URTIs (Tab. 4).

Inflammatory markers were also found to be higher in Cls
than in single conditions. Detailed analysis is provided
in Tab. 5.

For differential diagnosis between pneumonia and bronchi-
tis a statistically significant difference was found for CRP
and ESR. Higher levels were found for pneumonia (Tab. 6).
As for the aetiology of GE, CRP and ESR were found to
be higher in bacterial infections. No marker was statis-
tically significant for rotavirus vs. adenovirus infections
(Tab. 7).

Analysis of children in their 1t year of life

Due to the lack of characteristic signs of infection in chil-
dren below 12 months of age, this group was subjected to
detailed analysis.

All inflammatory markers were found to be higher in UTIs
as opposed to LRTIs. These differences were statistically sig-
nificant (Tab. 8).

The comparison of inflammatory markers in UTI and
acute GE also revealed higher values for UTL The follow-
ing markers were found to be statistically significant: WBC,
CRP, PCT and ESR (Tab. 8).

The only marker which made it possible to differentiate be-
tween URTI and LRTT in children below 12 months of age
was NLR, indicating a larger proportion of neutrophils
in URTIs. The results are presented in Tab. 8.

Pneumonia vs. bronchitis
z p

WBC 0.077769 1.763789

CRP 4.057060 0.000050

PCT 1.367007 0.171624

ESR 4.066869 0.000048

NLR 0.156040 0.876001
WBC — white blood cells; CRP — C-reactive protein; PCT — procalcitonin;
ESR — erythrocyte sedimentation rate; NLR — neutrophil-to-lymphocyte ratio.

Tab. 6. Inflammatory markers used to differentiate between
pneumonia and bronchitis

DISCUSSION

In 1993, Baraff et al. presented an algorithm for the man-
agement of children with fever of unknown source which
would make it possible to detect bacterial infection, and
thus use the right kind of treatment. This algorithm pri-
marily used WBC, ANC and urinalysis®. Further studies
have also been conducted on new markers which were sup-
posed to differentiate between bacterial and viral infections.
Relatively inexpensive and easily available parameters such
as NLR®!9 and ESR!%!”, and more expensive and less eas-
ily available markers such as lipopolysaccharide-binding
protein (LBP), fibrinogen, interleukins-6 and -8 and inter-
leukin-1 receptor antagonist were investigated™!®1). In the
present study, simple, largely relatively inexpensive and eas-
ily available parameters were used: WBC, CRP, ESR, PCT
and NLR.

These markers were investigated with regard to their abili-
ty to differentiate between URTIs and LRTTIs. It was found
that CRP and ESR might be helpful in this respect since
they reach much higher values in URTIs regardless of the
age group. In URTIs NLR is also higher, which indicates
the presence of a higher proportion of neutrophils in pe-
ripheral blood. In the study group, lower levels of inflam-
matory markers in children with pneumonia as opposed
to those with URTI may be associated with the predom-
inance of viral pneumonia. To date, in the literature, in-
flammatory markers were used mainly for identifying the
aetiology of respiratory tract infections. Hoshina et al. dem-
onstrated that PCT is the most useful parameter for dif-
ferentiating between bacterial and viral pneumonia, while

LRTlvs. Cl URTI vs. CI GE vs. Cl UTlvs. CI
z P z p z p z p

WBC —4.53293 0.000006 —3.33001 0.000869 —5.53950 0.000000 —2.07952 0.037571

(RP —6.90565 0.000000 —3.27474 0.001058 —7.69317 0.000000 —3.68348 0.000230

PCT —3.20193 0.001365 —2.45870 0.013945 —3.13454 0.001721 —0.134060 0.893355

ESR —6.19424 0.000000 —3.71859 0.000200 —8.00277 0.000000 —3.25562 0.001132

NLR —2.22317 0.026205 1.154269 0.248391 1.591689 0.111456 —2.47294 0.013401
LRTI - lower respiratory tract infection; CI — compound infection; URTI — upper respiratory tract infection; GE — gastroenteritis; UTI — urinary tract infection; WBC — white
blood cells; CRP — C-reactive protein; PCT — procalcitonin; ESR — erythrocyte sedimentation rate; NLR — neutrophil-to-lymphocyte ratio.

Tab. 5. Inflammatory markers used to differentiate between a CI and single medical conditions

DOI: 10.15557/PiMR.2019.0011
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Rotaviruses vs. Salmonella | Rotaviruses vs. adenoviruses

z /] z p
WBC 0.369875 0.711476 0.00 1.000000
CRP -4.01337 0.000060 1.287031 0.198085

ESR -3.26823 0.001082 -0.179115 0.857848
NLR 0.260727 0.794303 —1.48555 0.137400

WBC - white blood cells; CRP — C-reactive protein; ESR — erythrocyte
sedimentation rate; NLR — neutrophil-to-lymphocyte ratio.

Tab. 7. Inflammatory markers used for differentiating the
aetiology of GE

ANC is the most useful marker for determining the aetiol-
ogy of bronchitis®. Gauchan et al. reported that CRP level
may be used for identifying the aetiology of pneumonia‘?.
Flood et al. obtained similar results in their meta-analy-
sis?). However, none of the studies mentioned above used
inflammatory markers for identifying the level of respirato-
ry tract infection (URTI vs. LRTI).

The comparison between test results in children with a sin-
gle condition (URTI, LRTI, UTI or GE) and those with
a minimum of two conditions diagnosed revealed that
inflammatory markers reach much higher levels in CIs.
Therefore, if inflammatory marker levels are very high,
more than one source of infection should be suspected.

In order to facilitate the decision on using an antibiotic for
acute LRTT in children, a chest radiograph is often taken®?.
However, at least due to the radiological protection recom-
mended in children, it seems important to identify laboratory
inflammatory markers which would make it possible to differ-
entiate between pneumonia and bronchitis, and thus choose
the right kind of treatment®**¥. According to the results ob-
tained by the present authors, CRP and ESR may be useful
in this respect: they are higher in pneumonia, and therefore,
they may be an indication of the severity of the disease (Tab. 6).
Similar results were obtained by Hopstaken et al., proving that
increased CRP (>20 mg/L) and ESR values are predictors
of pneumonia in acute LRTI!”!®). These authors also found
that CRP in this case is characterised by higher diagnostic sen-
sitivity than physical examination, WBC or ESR!".

LRTl vs. UTI UTl vs. GE LRTI vs. URTI

z p z p z p

WBC |—3.36148 | 0.000775 | 4.006187 | 0.000062 | —0.961146 | 0.336479
CRP | —3.670380.000242 | 3.441106 | 0.000579 |—0.496306| 0.619679
PCT |—2.00783|0.044662 | 2.154137 | 0.031230 | —0.920264 | 0.357435
ESR | —3.869160.000109 | 3.462714 | 0.000535 |—0.513482| 0.607614
NLR | —3.88023 |0.000104 | 0.946247 | 0.344024 |—2.226380| 0.025989

LRTI - lower respiratory tract infection; UTI — urinary tract infection;

GE — gastroenteritis; URTI — upper respiratory tract infection; WBC — white
blood cells; CRP — C-reactive protein; PCT — procalcitonin; ESR — erythrocyte
sedimentation rate; NLR — neutrophil-to-lymphocyte ratio.

Tab. 8. Inflammatory markers used for differential diagnosis
of medical conditions in children in their 1* year of life

PEDIATR MED RODZ Vol. 15 No. 1, p. 6772

Antibiotics are too frequently administered for gastroin-
testinal tract infections compared to recommendations.
For this reason, it is important to try to differentiate between
a bacterial and viral source of infection. Unfortunately, mi-
crobiological testing results are usually not available until
after 48-72 hours; therefore, it is important to make use
of inflammatory markers®). The observation from the pres-
ent study shows that CRP and ESR may be used to distin-
guish a viral infection from that caused by Salmonella spp.,
since they reach higher levels in the latter. However, no pa-
rameter seems to be useful in differentiating between in-
fections caused by different types of viruses. Martinez et al.
obtained similar results; in their study, elevated CRP values
in cases of bacterial GE were also accompanied by increased
PCT values®. Korczowski and Szybist also demonstrated
that even though CRP may be used to differentiate the aeti-
ology of GE, it is PCT that is characterised by a higher sen-
sitivity and specificity for this purpose®).

In children below 12 months of age, differentiating be-
tween medical conditions is particularly difficult; for this
reason, the scope of analysis in this age group was extended.
Vomiting is common in UTIs in such children, while the
observation of signs of dysuria is difficult. Therefore, the
results obtained in order to differentiate between UTIs and
GE are important. They reveal that all markers (WBC, CRP,
PCT and ESR) reach higher levels in UTIs and exceed the
upper limit of normal much more frequently than in GE.
The comparison between results for UTI and those for LRTI
shows a similar tendency: again, inflammatory marker lev-
els are higher in UTL. In addition, the investigation of NLR
shows that neutrophilia is statistically more common
in UTIs. A number of studies show that the most common
cause of fever of unknown origin in infants (particularly be-
low 3 months of age) is UTI!%?"2), Therefore, this diagnosis
always needs to be taken into account in a febrile child with
increased inflammatory markers, even when atypical symp-
toms are present (such as vomiting, for example).

The present retrospective study has certain limitations.
One of them is the disproportion between the number
of subjects in different groups of conditions. It also needs to
be emphasised that the study group was composed of hos-
pital patients, which may have resulted in a relatively large
number of children treated for pneumonia. Therefore, fur-
ther, prospective research on a larger group of children
is needed for any definitive conclusions to be possible.
Due to the fact the study group included only single cas-
es of severe infections, a comparison between meningitis
and sepsis was practically impossible, whereas such findings
would have been interesting. Nevertheless, the ultimate de-
cision on the choice of treatment and the use of antibiotic
therapy should be taken on a case-by-case basis, taking into
account the whole clinical picture and not just the results
of additional tests. Inflammatory marker values should only
serve as additional guidance. Moreover, one cannot rely on
a single instance of testing: repeating the tests may be nec-
essary in order to be able to observe any trend in the results.
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In addition, the paediatric population is characterised
by a large variability of reference ranges depending on the
age. NLR may be particularly unreliable due to the differ-
ent neutrophil and lymphocyte counts in peripheral blood
in different age groups.

CONCLUSIONS

. Inflammatory markers may be helpful for differentiat-

ing the aetiology of infectious diseases associated with
fever in children.

. The determination of a number of markers provides

more information and has a much higher diagnostic val-
ue than the analysis of a single parameter.

. When making specific diagnostic and therapeutic deci-

sions one should always take into account the complete
clinical picture.
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