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Summary

Introduction. Catheter related infections are responsible for up to 44% of episodes of bacteremia in children with acute lymphob-
lastic leukemia (ALL). Early prediction and intensive treatment of this complication may improve survival for children with ALL.

Aim. To assess the value of concomitant measurement of white blood count (WBC), C-reactive protein (CRP) and procal-
citonin (PCT) in predicting the course of infection in children with ALL.

Material and methods. 51 febrile episodes recorded in 23 children with ALL and implanted central venous catheter (CVC) were
analyzed with respect to initial WBC, CRP, PCT and CVC bacterial culture. Patients were treated with empiric antimicrobial therapy.

Results. Elevated values of PCT were found in 22/51 (43.1%) whereas values of CRP were elevated in 43/51 (84.3%) of
studied episodes. Mean number of febrile days and mean CRP values were statistically higher in episodes with initial WBC
less than 500/ul. There was no correlation between values of CRP and PCT however mean values of CRP and the number of
episodes with positive CVC blood culture were statistically higher among those with elevated PCT. The number of positive
CVC blood cultures was statistically higher in episodes where both CRP and PCT levels were elevated. There was higher
initial concentration of PCT but no CRP in episodes with positive blood cultures.

Conclusion. WBC, CRP and PCT, when used together are useful indicators of the infection’s course in febrile patients with
ALL and CVC. They also allow to select patients at high risk of bacteremia.

Key words: leukemia, children, infection, procalcitonin, c-reactive protein

Streszczenie

Wstep. Zakazenia odcewnikowe odpowiadajg za az 44% wszystkich epizodéw bakteremii u dzieci z ostrg biataczka lim-
foblastyczng (obl). Wczesna ich identyfikacja oraz odpowiednio intensywne leczenie moga wptyna¢ na poprawe wynikéw
leczenia dzieciecej obl.

Cel. Ocena przydatnosci jednoczasowego oznaczania liczby krwinek biatych (WBC), stezen biatka c-reaktywnego (CRP)
oraz prokalcytoniny (PCT) w przewidywaniu przebiegu zakazen u dzieci z obl.

Materiat i metody. Analizowano poczatkowa WBC oraz stezenia CRP i PCT w przebiegu 51 epizodéw goraczki u 23 dzieci z
obl i implantowanym cewnikiem naczyniowym (CVC). U wszystkich pacjentéw zastosowano empiryczng antybiotykoterapie.

Wyniki. Podwyzszone poczatkowe stezenia PCT i CRP stwierdzono odpowiednio w 22/51 (43,1%) i 43/51 (84,3%) anali-
zowanych przypadkach. Sredni czas trwania goraczki, jak réwniez Srednie stezenie CRP byly istotnie wyzsze w przypadkach
z poczatkowa WBC ponizej 500/ul. Nie wykazano korelacji pomiedzy stezeniami CRP i PCT, jednakze $rednie stezenia CRP
jak réwniez liczba dodatnich wynikow posiewdw krwi byty istotnie wyzsze w epizodach z podwyzszonym poczatkowym ste-
zeniem PCT. Liczba dodatnich wynikéw posiewdw krwi byta réwniez istotnie wyzsza w epizodach z jednoczasowym podwyz-
szeniem stezen CRP i PCT. Stwierdzono wyzsze poczgtkowe stezenia PCT ale nie CRP w epizodach z dodatnim wynikiem
posiewu Krwi.
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Whioski. tgczna ocena WBC oraz stezeh CRP i PCT jest przydatna w przewidywaniu przebiegu zakazen u goraczkuja-
cych dzieci z obl i implantowanym centralnym cewnikiem naczyniowym. Umozliwia ona rowniez wyselekcjonowanie pacjen-

téw o wysokim ryzyku rozwoju bakteremii.

Stowa kluczowe: biataczka, dzieci, zakazenie, prokalcytonina, biatko c-reaktywne

INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the common-
est form of childhood cancer. Now, in the advent of
21st century the majority of children with this diagno-
sis may enjoy long-lasting remission which in most of
these patients can be considered as a cure (1). Howev-
er up to 20% of children with ALL suffer from treatment
failures. Most of them are relapses, but 3-15% of all
children with ALL die in remission and the direct cause
of their death are infections (2-4).

Central venous catheters (CVC) are routinely insert-
ed in children with ALL allowing permanent access to
venous circulation for blood sampling as well as drugs
administration, blood products transfusing and paren-
teral nutrition. From the other site the insertion of CVC
in a child with ALL is associated with a high risk of bac-
teremia. The rate of catheter related bacteremia in chil-
dren with ALL and CVC can be as high as 44% (5, 6).
It is extremely dangerous since in most of patients it
occurs during profound neutropenia resulting from in-
tensive chemotherapy. Early prediction and vigorous
treatment of this complication from the very beginning
may result in better outcome for children with ALL.

Two laboratory parameters: C-reacting protein (CRP)
and procalcitonin (PCT) may be useful in predicting se-
verity of infection in children with ALL. CRP is a protein
produced by the liver and the adipose tissue, which en-
hances complement binding. It's concentration is less
than 5 mg/l in healthy individuals and rises to maxi-
mum values within 24-72 hours in response to inflam-
mation (7). Itis believed that PCT is an earlier and more
specific marker of infection (8). PCT is 14-kDa prohor-
mone of calcitonin that is synthetized by parafollicular
cells of the thyroid as well as the neuroendocrine cells
of the lung and the intestine. It has been shown that
serum PCT levels raise in response to the presence of
bacterial endotoxins in the blood; that is why PCT is
considered as the marker of bacteremia in adults as
well as in children (9, 10).

AIM

This study was performed in order to assess the val-
ue of concomitant measurement of white blood count,
C-reactive protein and procalcitonin in predicting the
course of infection in children with acute lymphoblastic
leukemia and central venous catheter.

MATERIAL AND METHODS

This retrospective study, conducted between Febru-
ary 1st 2007 and January 31st 2010 comprised children
with ALL and implanted CVC, who developed at least

one episode of fever of unknown origin that is body
temperature over 38 degrees Celsius measured with
the use of infrared forehead thermometer (Microlife),
with no other clinical manifestation except of fever and
no site of infection seen on physical examination or
on imaging (e.g. chest x-ray). There were 51 episodes
recorded in 23 children (12 girls and 11 boys) aged
2-14 years (mean 7.06, median 6 years).

In each of these patients blood was sampled routine-
ly for WBC, CRP as well as PCT. PCT was measured
with the use of electrochemiluminescence method
(ECLIA) for quantitative determination of procalcitonin
(Roche), CRP — with the use of immunoturbidimetric
method for quantitative determination of C-reactive
protein (Roche). Values of CRP below 5 mg/l and PCT
below 0.5 ng/ml were considered normal. A sample of
peripheral blood was also drawn from the catheter for
bacterial cultures. These were followed by introduction
of empiric antimicrobial therapy consisting of piperacil-
lin/tazobactam (112.5 mg/kg every 8 hours) alone or in
combination with amikacin (15 mg/kg once daily); the
decision regarding a form of treatment was made by a
physician in charge.

In patients with no clinical response to the first line
antimicrobial therapy i.e. with no resolution of fever with-
in 48 h treatment was modified: either according to the
result of CVC bacterial culture or — if culture was nega-
tive — to combination of meropenem (20 mg/kg 3 times
daily) plus vancomycin (20 mg/kg 3 times daily), than
after subsequent 48 h — as a third step — an antifungal
agent (amphotericin B or voriconazole) was added.

Duration of fever was reflected by number of days
with at least one spike of body temperature over 38 de-
grees Celsius measured as mentioned above.

WBC, CRP and PCT values were analyzed in relation
to results of central catheter blood culture (positive vs
negative) and to duration of fever. The correlation be-
tween CRP and PCT values was also studied.

The normality of data was assessed with the use of
Kolmogorov-Smirnov test. Statistical analysis of data
was performed with the use of Fisher test, Mann-Whit-
ney test, t-Student test and linear correlation model.
Values of p < 0.05 were considered statistically sig-
nificant.

RESULTS

There were no treatment failures recorded in the
group studied; in all fever episodes antimicrobial ther-
apy resulted in resolution of fever. Mean number of
febrile days as well as mean CRP values were sta-
tistically higher in episodes with initial WBC less than
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500/ul (5.20 vs 10.73 days; p < 0.03, and 37.2 mg/I
vs 106.8 mg/l; p < 0.005) respectively however PCT
values did not differ significantly. These data are pre-
sented in table 1.

Elevated values of PCT were found in 22/51
(43.1%) whereas values of CRP were elevated in
43/51 (84.3%) of studied episodes.

There was no correlation between values of CRP
and PCT (r = 0.4983) however mean values of CRP
(34.82 vs 87.78; p < 0.01) and the number of episodes
with positive CVC blood culture (8/22 vs 1/29; p < 0.005)
were statistically higher among those with elevated PCT.
These data are presented in figure 1 and table 2.

Moreover episodes with normal vs elevated CRP
concentration did not differ significantly with respect to
duration of fever (4.12 vs 7.72; p = 0.28), mean con-
centration of PCT (0.52 vs 0.69 ng/ml; p = 0.59) and
number of positive CVC blood culture results (0/8 vs
9/43; p = 0.32). These data are presented in table 3.

It has been also shown that the number of positive
CVC blood cultures was statistically higher in epi-
sodes where both studied parameters i.e. CRP and PCT
were elevated. These data are presented in table 4.

There was higher initial concentration of PCT but
no CRP in episodes with positive blood cultures.
These data are presented in table 5.

Table 1. Mean duration of fever, values of CRP and PCT in episodes with WBC > 500/ul and < 500/ul.

Variable WBC 2 500/ul (n = 36) WBC < 500/ul (n = 15) p-value
Duration of fever (days; mean = SD) 52+ 3.8 10.73 = 125 p = 0.02
PCT (ng/ml; mean = SD) 0.64 = 0.59 0.76 = 1.04 p = 0.59
CRP (mg/l; mean + SD) 37.2 =+ 53.13 106.8 + 97.75 p = 0.0019
p =0.71
CVC positive blood culture 7/36 2/15 OR: 1.469
95% Cl: 0.75-1.69

elevated PCT concentration.

Table 2. Mean duration of fever, values of CRP and number of positive CVC blood culture in episodes with normal and

Variable PCT < 0.5 ng/ml (n =29) | PCT20.5ng/ml (n = 22) p-value

Duration of fever (days; mean * SD) 6 = 4.35 8 =10.7 p =0.37
CRP (mg/l; mean = SD) 34.82 + 46.76 87 78 = 95.51 p < 0.05
p < 0.005

CVC positive blood culture 1/29 8/22 OR: 16

95% Cl: 1.82-141

Table 3. Mean duration of fever, mean values of PCT and number of positive CVC blood culture in episodes with normal and

elevated CRP concentration.

Variable CRP <5 mg/l (n = 8) CRP 25 mg/l (n = 43) p-value

Duration of fever (days; mean = SD) 412+ 24 7.32 =83 p=0.28
PCT (ng/ml; mean = SD) 0.52 + 0.44 0.69 = 0.81 p =0.59
p =0.32

CVC positive blood culture 0/8 9/43 OR: 4.68

95% Cl: 0.25-88.72

Table 4. Number of positive CVC blood culture in episodes with elevated both PCT and CRP concentration.
CRP > 5 mg/l and Remaining episodes
Variable PCT 2 0.5 ng/ml _g P p-value
_ (n =33)
(n =18)
Duration of fever (days; mean + SD) 9.05 = 11.6 5.6 4.3 p=0.14
CVC positive blood culture 8/18 1/33 p = 0.005

Table 5. Mean duration of fever, values of CRP, PCT and number of episodes with initially elevated PCT concentration in

episodes with positive and negative CVC blood cultures.

Variable Positive CVC blood Negative CVC blood value
culture (n = 9) culture (n = 42) P

Duration of fever (days; mean * SD) 5.55 + 4.25 7.14 = 8.31 p = 0.58
PCT (ng/ml; mean = SD) 1.17 = 0.66 0.57 = 0.727 p = 0.026
CRP (mg/l; mean = SD) 83.66 = 105.01 52.1 + 67.77 p=0.25
p = 0.0032

PCT > 0.5 ng/ml 8/9 14/42 OR: 16

95% Cl: 1.82-141
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Fig. 1. Correlation between CRP and PCT in febrile children with ALL and implanted CVC.

DISCUSSION

The role of PCT and CRP as markers of infection
and predictors of its severity has been extensively
studied by several authors. Van Rossum et al. re-
ported on the utility of PCT in early identification of
bacterial infections in infants and children. He stated
that initial concentration of PCT is a good predictor
of severe sepsis development in children (10). This
observation was also supported by data published
by Fioretto et al. (11). Moreover the same group of
Fioretto as well as the group of Casado-Flores pub-
lished data indicating that serum PCT level was supe-
rior to serum CRP level in predicting sepsis and septic
shock in children (12, 13). Finally Martinez-Albarran
et al. analyzed course of infections in 54 consecutive
neutropenic children with cancer treated in a single
center and their data seem to confirm the usefulness
of PCT estimation (4). There is a debate regarding
the cut-off value for PCT. The study of Lodahl et al.
of 230 febrile episodes in 85 children indicated that
PCT with cut off value of > 0.4 ng/ml is more accurate
than CRP in determining the severity of infection (14).
Moreover Endo et al. reported the usefulness of PCT
cut-off level of 2 ng/ml in differentiating sepsis and
severe sepsis (15).

To our best knowledge this is the first report ana-
lyzing the usefulness of serum PCT and CRP con-
centration in predicting severity of infection in febrile
children with ALL and implanted CVC. Most infec-
tions in children with ALL are treated according to so
called fever-driven protocols. It means that the anti-
microbial therapy is initiated when fever occurs and
is subsequently modified within 48-72 hours if fever

persists. It underlines the need for markers which at
the beginning of a febrile episode would predict its
severity thus forming a rational basis for selection of
antibiotics.

In the presented study elevated concentration of
CRP was found in 43 out of 51 studied episodes of in-
fection (84.3%) whereas values of PCT were initially el-
evated in only 22 out of 51 episodes (43.1%). It seems
to indicate that CRP concentration is an earlier marker
of infection in febrile children with ALL. This is in oppo-
sition to the opinion presented by Gendrel and Bohuon
who stated that PCT is the earliest marker of a bacterial
infection (9).

It is of crucial importance to find patients with a
bloodstream infection since in neutropenia it may rap-
idly turn into sepsis and septic shock and the mortality
in sepsis reaches 16%, but in severe sepsis and sep-
tic shock can be as high as 50 and 80% respectively
(16, 17). Interestingly in the group studied the number
of episodes with a positive result of CVC blood cul-
ture was statistically higher in patients with elevated
PCT. This was even more pronounced when elevated
PCT was accompanied by elevated CRP (8 of nine
positive CVC blood cultures were seen in this sub-
set of patients) even though elevated CRP alone did
not predict bacteriemia. Bacterial endotoxins are the
most powerful biological substances initiating PCT
synthesis (18, 19). It has been found by Kasem et al.
that procalcitonin was a rapid marker of bacteriemia
in 62 children with fever and a central venous cath-
eter admitted to emergency department (20). The rate
of catheter related bacteriemia in children with ALL
and CVC can be as high as 44% (5). Our observa-
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tion on a role of elevated PCT and CRP in predicting
bacteriemia in febrile children with ALL and CVC - if
confirmed in other studies — may be of clinical signifi-
cance.

The severity of infection is somehow related to the
duration of fever. In our study neither serum PCT nor
serum CRP correlated with the number of febrile days.
However the duration of fever was significantly longer
in patients with severe neutropenia that is with WBC
less than 500/ul. It is not surprising since neutropenia
is one of the most important factors responsible for in-
creased risk of infections in children with cancer and
in severe neutropenia some longer time is needed for
hematological reconstruction (21). It is also of interest
that in our study patients with low WBC had statistically
higher serum CPR levels even though levels of PCT
did not differ significantly. This observation seems to
indicate that in children with ALL, CVC and severe neu-
tropenia, CRP is a more sensitive marker of infection
than PCT.

There is no doubt that children with ALL, implanted
CVC and fever must be treated in a hospital setting
and an empirical antimicrobial treatment should be
initiated as early as possible since any delay in antibi-
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