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ABSTRACT

The ability of CRP determination to detect presence
of infection in febrile cancer patients was evaluated.
Twenty-four children with hematopoictic malignancies
were included in the study. They were divided upon ad-
miission into two groups: Group A — febrile group; and
Group B — non-febrile group. Fifteen children had 18 fe-
brile episodes (group A). The remaining nine children had
o fever (Group B) upon admission. CRP levels were ob-
tained upon admission in both groups. Follow-up deter-
mination was done in Group A patients on days two to
four of antibiotic treatment and prior to discharge while
follow-up determination was done only in Group B pa-
tients who subsequently developed fever in the course of
their hospital stay. Two of the nine afebrile children de-
veloped fever and were reclassified under the febrile group.
The 20 febrile episodes were then classified into I differ-
ent subgroups: Group I, positive microbial cultures in the
blood or if cultures from a clinically relevant focus (urine
or skin) were positive and toxic appearance at presenta-
tion with or without vascalar instability (5 episodes);
Group I, negative cultures but with clinically and or ra-
diclogically decumented focal infection (7 episodes);
Group IIT, negative cultures and absent signs of focal in-
fection and if the clinical course was unremarkable (8
episodes). The mean CRP level of the febrile group is sig-
nificantly higher than those children in the non-febrile
group (Gdmgl vs. 10.3mg/l, p= <.0035). There was a sig-
nificant correlation between the magnitude of the ad-
mission temperature and serum CRP levels (p = .001).
Children in Group I had significantly higher mean CRP
levels than those children in Growp I (105.6mg/d v,
3%ng/l, p= 01}, Mean CRP levels of children in Group I
did not differ significantly from the mean CRP levels of
children in Group IT (105.6mgA vs, 65,14, p= .05). The
two children who died had persisteatly high Tevels of se-
rum CRP (=192mg/). Those children who recovered
showed a steady decline in CRP. The determination of
CRP value of >40mg/l is a highly sensitive fest with a
high negative predictive value in distinguishing between
those children with bacteriologically or clinically docu-
mented infection from those children without docu-
mented infection, CRP determination is a useful tool in
monitoring the patient's response to antibiotic therapy,
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INTRODUCTION

Infection in a child with cancer especially
those who are neutropenic is a major cause of
morbidity and mortality. Signs and symptoms
of infection in the neutropenic patient may be
masked; therefore these children are generally
hospitalized and treated with broad spectrum
antibiotics when fever occurs [1]. Such ap-
proach leads into an overuse of antibiotics and
an emergence of multiresistant nosocomial
strains, drug induced toxicity, and a signifi-
cantly increased medical expenses [2]. The
white blood cell count is often affected by the
malignant process or by cytotoxic chemo-
therapy 3o that the WBC may not be reliable
in indicating the presence of infection. Micro-
biologic confirmation of infection may take 24
hours or more. Therefore, a sensitive method
for rapid, early detection of infection would be
useful. Such method, is the C-reactive protein
(CRP) an acute phase-reactant of inflammation,
that can be quantified in the serum [3]. Serum
levels of CRP have been determined in healthy
individuals and these values have proven to be
uniformly low (<10mg/l) in the absence of in-
fection. Serum CRP levels of >40mg/| have been
shown to be sensitive markers of bacterial in-
fections in both adult and pediatric immuno-
competent individuals with fever. Previous lit-
erature have shown that malignant disease,
chemotherapy administration and transfusion
of erythrocytes, platelets or granulocytes do not
lead to an increase in CRP [1]. Studies have been
done which found out that serial measurements
of CRP in neutropenic patients is valuable in
detecting infection and monitoring the re-
sponse to antibiotic therapy. However, only
very few studies have been done regarding the
value of CRP as part of the initial diagnostic
evaluation of the febrile child with cancer.
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OBJECTIVES

1. To determine if serum CRP levels in the ini-
tial evaluation of cancer patients with fever
can predict presence and severity of infection.

2. To evaluate the usefulness of CRP in its abil-
ity to monitor response to antimicrobials and
its ability to determine prognosis.

PATIENTS AND METHODS
Study Group

From August 9, 1995 to November 15, 1995,
all infants and children with malignant disease
admitted to the Hematology-Oncology Section of
the Philippine Children’s Medical Center were
included in this study. All patients were taking
prophylactic oral trimethoprim-sulfamethoxazole
(8mg/kg/day divided twice daily) on alternate
days 3 times a week. Patients receiving additional
antibiotics were excluded from the study.

A total of 24 children with leukemia were in-
cluded in the study. They were divided into 2
groups on admission. One group (Group A), in-
cluded those children who were admitted because
of fever with or without the presence of neutro-
penia; the other group (Group B) were those pa-
tients who had no fever on admission but was
admitted either for blood transfusion and/or che-
motherapy. Fever was defined as a single T =
=38.5°C or serial oral temperatures of 38.0°C for
>6 hrs. Neutropenia was defined as an absolute
neutrophil count of <500/cumm.

CRP levels were obtained upon admission in
both groups. Other laboratory parameters were
requested among febrile patients before the start
of antibiotics: Chest X-ray, CBC, blood cultures,
urinalysis, and urine cultures. Antibiotic treat-
ment with a third generation cephalosporin was
~ generally started. Antibiotic coverage was modi-
fied as indicated according to the clinical status
and the culture results. The physician in charge
of the patients was not aware of the results of the
CRP determination.

Follow-up determination was done in Group
A patients on days 2 to 4 of antibiotic treatment
and prior to discharge. Follow-up CRP determi-
nation and other laboratory parameters (e.g. Chest
x-ray, blood CS, urinalysis, urine culture) were
done on patients belonging to the non-febrile
group who subsequently developed fever during
the course of their hospital stay.

All children who had fever were then classi-

fied into 3 subgroups [1,3]:
Group I — patients with positive microbial cul-
tures in the blood or if cultures from a clinically
relevant focus (urine or skin) were positive and
toxic appearance at presentation with or without
cardiovascular instability.
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Group II - patients with negative cultures but with
clinically and or radiologically documented focal
infection.

Group [II - patients with negative cultures and
absent signs of focal infection and if the clinical
course was unremarkable.

Determination of CRP

Serum CRP determination was determined
using the latex agglutination test.

Latex particles allow visual observation of the
antigen-antibody reaction. If the reaction takes
place, due to the presence of C-reactive protein
in the serum, the latex suspension changes its
uniform appearance and a clear agglutination
becomes evident.

The presence of agglutination indicates a con-
tent of C-reactive protein in the serum equal to
or greater than 6mg/l. The absence of agglutina-
tion indicates a content of C-reactive protein in
the serum of less than 6mg/l which was regarded
as normal.

The CRP value of >40mg/l was assigned as the
cutoff point for bacterial infection in our pediat-
ric population.

Statistical Analysis

The t-test was used to study the differences in
mean CRP values among the 3 patient subgroups.
With the use of the correlation coefficient a cor-
relation analysis was done for all patients to de-
termine whether the magnitude of admission
temperature correlated with the elevation of CRI
Sensitivity, specificity, positive predictive value,
negative predictive value were determined for
each group of patients using >40mg/] as the cut-
off levels for all patients. Numerical values were
expressed as mean + standard deviations and as
percentages.

RESULTS

Twenty-four patients with malignant disease
were included in the study. All the 24 patients
had hematopoeitic malignancies. Fifteen (62.5%)
had ALL, 5 (20.8%) had AML and 4 (16.7%) had
CML. The mean patient age was 7.6 years {range,
1.2 to 17 years). Male to female ratio was 1.4 1.

Fifteen children had 18 febrile episodes 13
(72.2%) of whom had neutropenia while 5
{27.8%) had normal absolute neutrophil count.
The remaining nine children were neither febrile
nor neutropenic on admission but were admit-
ted for chemotherapy and/or blood transfusion.



The mean CRP level of children in the febrile
group was significantly higher than those chil-
dren in the non-febrile group (64 £ 50.52mg/1 vs.
10.3 + 8.0mg/l, p value = <.05) (Table I). There
was also a significant correlation between the
magnitude of the admission temperature and se-
rum CRP levels with p value of .001.

Table 1 Admission CRP Levels of the Febrile vs. Afebrile
Growp with Corresponding Temperature

Diagnosls Agelsen CRP{mg/L} Adm Temp((7)
FEBRILE GROUP

Lavog [

ALL ByolM 1492 A
AML ShofF el 3.0
ALL Tyo'd 48 B3
ALL Svo'F GG A0k
ALl Ayenid 1 40,3
Gieourp I

ALL Sy 15 9.0
CML 1.2 48 1E.6
ALL RLALET 45 300
ALL Byoy'F 2 182
ALL el F 45 158
ALL 12w 192 410
tiranitn [II

AML Syoll 24 8.0
ALL Tyesf 24 382
ALL SvolM 24 ELN
AMIL e’ b 48 389
ALL Lyol¥ L] 8.7
ALL Ry M 06 Ak
ALl HvoF 24 380
AFERRILE GOUP

AML ByolF [ 3740
AlLL 17yl 24 AVA
ALL Byl M [ 365
AML Syl F [ A58
ALL AyorF 24 S
AML Bven'F & 369
CML Layorhl 12 £
OML AyeM I 370
ALL Ty [ EEX

ALL. acute lymphobilastic lewkemi
AML. acute myclogenous leukemla
CIL. chronic myelogenous leukemta

Of the nine initially afebrile children, two de-
veloped fever during the course of their hospital
stay. One had neutropenia who developed fever
on the 2nd hospital day while the other one de-
veloped fever on the third hospital day but had
no neutropenia. CRP monitoring showed a cor-
responding increase of CRI” to 48mg/1 and 24mg/1
respectively. These two children were reclassified
under the febrile group.

There were a total of 20 febrile episodes that
were classified into 3 different subgroups as de-
scribed above. Patients with microbiologically
documented infections (Groups 1) had signifi-
cantly higher mean serum CRI' concentrations
than those children without documented infec-

tions (Groups 11I) (105.6 £ 52.58 vs. 39.0 £ 25.45
mg/l, p = .01). The mean CRP levels of children
in Group I did not differ significantly from the
mean CRP levels of children in Group Il (105.6 £
52.58 vs. 65.14 + 56.64, p = =.05). The final diag-
nosis for all the 20 febrile episodes as well as the
criteria used for the diagnosis is shown in
Table 2.

Table 2 Fingl Diagnosis and Diagnostic Criteria for 20
febrile episodes in 17 children with cancer

No, of
eplsodes criteria

Diagnosls Diagmiostic

Carontin T 5
Klebsiella infection 1
Meudnmonas infection 1
Staphyloooccus cois

o] culmere
alososcd cultare

pulase negative 1 Taleamd ol baze
F. coli infection 2 Eurine cultures
Gronep 1 7
Prieuanicnia A chust x-ray
Oral cavity infection 2 clinical
Carapp
ey focus 3

In these cancer children who had fever, a se-
rum CRP value of >40mg/l, used as a diagnostic
tool to differentiate between patients with bacte-
riologically documented infection versus patients
without documented infection (group 1 vs. group
[T} showed a sensitivity of 100%, a specificity of
62.5%, an accuracy of 77%, a positive predictive
value of 62.5% and a negative predictive value of
100%. 1f children in Groups I and II were com-
bined vs. Group IlI, this test showed a sensitivity
of 91.7%, a specificity of 62.5%, an accuracy of
75%, a positive predictive value of 78.5% and a
negative predictive value of 83. 3% (Table 3).

Table 3 Ability of serum CRP concentration in
differentiating septicemic/monsepticeniic and
infected/non-infected In febrile chitdren with
mtalignancy

A, septicemic B. bacterialogically
Vi, or climically docu-
-5t ermic mentecd infection
v, underumented
insfactiom

Semsitivity Lyl 417

specilicity 245 25
PPy [ THA
IR TN 833

Of the total 17 children with 20 febrile epi-
sodes, 2 died and 15 recovered. One of the mor-
talities, an 8-vear old male with ALL on the in-
duction phase of therapy who died on the 7th
hospital day and grew Klebsiella in the blood. The
other death, an 8-year old male with ALL on the
induction phase of therapy died on the 12th hos-
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pital day because of pneumonia. On admission,
CRP levels of these two children were both el-
evated at 192mg/], and subsequent monitoring
of their CRP showed persistently high levels of
>192mg/l. All those 15 children who recovered
showed a steady decline in CRP levels and upon
discharge they either had levels of 6mg/l or <6mg/l
(Fig 1).
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Fig 1. Follow - up seren CRP levels

DISCUSSION

Patients with cancer are more prone to infec-
tion secondary to aplasia of the bone marrow and
more frequently this is a common cause of death
especially with delayved antibiotic treatment ow-
ing to lack of a rapid, sensitive and specific diag-
nostic tool to detect infection. Initial evaluation
of the febrile child with cancer especially if neu-
tropenic is difficult because clinical signs of in-
fection are often subtle [1]. Thus, many have ad-
vocated antimicrobial treatment of febrile cancer
patients in the presence of neutropenia. This prac-
tice though have led to overtreatment. Several
studies have established the CRP value as a reli-
able indicator of sepsis in febrile patients with ma-
lignancies.

Acute phase plasma reactants constitute a het-
erogenous group of proteins synthesized in the
liver in response to cytokine stimulation. One of
the widely used acute phase proteins is the C-re-
active protein (CRP). Originally named for its ca-
pacity to bind the C-polysaccharide of pneumo-
coccus, the CRP was shown to function in vitro
as an opsonin for bacteria, parasites and immune
complexes. It can likewise, initiate complement
cascade and enhance macrophage tumouricidal
activity. Due to its exquisite responsiveness to an
inflammatory stimulus, its wide concentration
range and its ease of measurement, it is widely
used to monitor accurately the severity of inflam-
mation and the efficacy of disease management
(4].
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CRP value usually rise within 6-8 hours of
injury with large incremental increases of 10 to
1000 fold, peak concentration in 2-3 days, a short
half-life and a behavior consistent in different
forms of inflammation [S].

A significantly higher admission CRF level in
the febrile group vs. the non-febrile group shown
in this study is due to an acute phase response to
inflammation initiated by the cytokines which
stimulates the liver to produce acute phase pro-
teins (e.g. CRP) and also affects the CNS resulting
to fever. The inflammation may be secondary to
a pathogen, or tissue injury in malignancy.

The magnitude of the admission temperature
correlated significantly with the serum CRP level.
This was not well appreciated by Katz.

The 2 initially afebrile patients who developed
fever showed increasing increment of CRP as ex-
pected.

The presence of bacteriologically documented
infection whether isolated from the blood or other
specimens (Groups I} had significantly higher
admission CRP levels compared with those with-
out documented infection (Groups I11). The ad-
mission serum CRP value was able to differenti-
ate between bacteremic and non-septic febrile
patients at hospital admission. Although the sen-
sitivity and the negative predictive value test were
both 100% at CRP concentration of =40mg/l, the
specificity was only 62.5% and the positive pre-
dictive value was also low at 62.5%. This result
was remarkably comparable with that of
Santolaya. The specificity and the positive pre-
dictive value in this study was however higher
than that obtained by Katz. When Groups [ and
11 were combined {bacteriologically and clinically
documented infection) vs Group I1I (non-docu-
mented infection) the sensitivity, specificity, and
negative predictive value were lower as also ob-
served by Katz and Santolaya (Table 4).

Table 4 Sensitivity, specificity, predictive valne of CRP
concentration Lo differentiate septivemic/non-
septicestic infected/mon-infected febrile children
with malignancy in various studies,

Al sepriveede v srap-septicenic

Botin Hintir sanlokiya
sElsikivity LEX) Tl "
sporificity 625 A7 T
W B2.5 (34 A
R 100 a7 160

K, Bacteriedogic of CHmfcalp Deciimentad fnfictionr v,
Lo anzanetend Infeciioen

[RE31TY EnLd Sanebalava
sepastavily 91.7 i AL
sppei ficity 625 73 b
[FRY A il 55

I HALA il e

FEY — puasitive pecdiclive valae
W = negintive guedictive value




Noteworthy, the CRP values of the majority
16 (80%) of the febrile children were followed and
rapidly normalized after the initiation of antimi-
crobial therapy (third day of antimicrobial use).
Two {10%) children had normal CRP only on the
6th day of therapy. The remaining two (10%) died
with persistently high CRP value of >192mg/l.

CONCLUSIONS/RECOMMENDATIONS

The determination of the C-reactive protein
(CRP value =40mg/1) is a highly sensitive test with
high negative predictive value in identifying bac-
teriologic or clinical infection among febrile can-
cer patients.

Patients with malignancy who develop fever
and obtain CRP values »40mg/l should be imme-
diately given antimicrobial therapy while await-
ing culture results. In case of negative bacterio-
logic findings, antibiotics should be continued as
long as focus of infection such as pneumonia is
recognized.

Febrile cancer patients with CRP values
<40mg/l may not be given antibiotic therapy but
should be observed for any clinical sign/focus of
infection.

Aside from rapid diagnosis of infection, CRP
is a useful tool in monitoring the patient’s re-
sponse to antibiotic therapy.

Future studies are recommended to determine
the usefulness of CRP as a guide to duration of
antibiotic use and as a predictor of mortality.
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