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Abstract

Objectives: Hematopoietic stem-cell transplant is a
curative therapy for several malignant and
nonmalignant disorders. The purpose of this study
was to investigate the association of serum levels
of high-sensitivity C-reactive protein and
procalcitonin with complications such as acute
graft-versus-host disease, veno-occlusive disease,
and infection after hematopoietic stem-cell trans-
plant.
Materials and Methods: Serum high-sensitivity
C-reactive protein and procalcitonin levels were
sequentially measured with an enzyme-linked
immunosorbent assay and a semiquantitative
immunochromatographic assay in 35 patients who
had undergone hematopoietic stem-cell transplant.
Results: The high-sensitivity C-reactive protein
serum level was increased in patients with acute
graft-versus-host disease and in those with sepsis.
Increased procalcitonin levels were associated only
with bacterial infection. Only procalcitonin levels
differentiated patients with infection from those
with another transplant-related complication.
Veno-occlusive disease did not alter C-reactive
protein or procalcitonin levels.
Conclusions: Our results support theories that
serum levels of high-sensitivity C-reactive protein
and procalcitonin are biomarkers for transplant-
related complications such as graft-versus-host

disease or infection and that the procalcitonin level
can differentiate patients with infection from those
with graft-versus-host disease.
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In graft-versus-host disease, which is a serious
complication after allogeneic hematopoietic stem-cell
transplant, donor-derived T cells infiltrate recipient
organs and cause severe tissue damage. Other
complications (infection, veno-occlusive disease) that
can develop after hematopoietic stem-cell transplant
can cause similar symptoms. Therefore, identification
of the sources of those complications is essential, and
early, appropriate treatment is the only promising
tool. Monitoring the serum levels of some
biomarkers before and after hematopoietic stem-cell
transplant may predict the occurrence of such
complications (1).

C-reactive protein, which is produced by
hepatocytes, is a useful biomarker for bacterial
infections (2), but elevated C-reactive protein serum
levels have also been noted during viral infections
(3), in cancer patients with fever (4), and in patients
who have undergone bone marrow engraftment (5).
Procalcitonin, which is the propeptide of calcitonin,
is devoid of hormonal activity and is usually
produced in the C cells of the thyroid gland.
Procalcitonin consists of 116 amino acids with a half-
life of 25 to 30 hours, is produced in response to
endotoxin, and is a sensitive indicator of bacterial
sepsis (6). Levels of procalcitonin are undetectable
(ie, < 0.1 µg/L) in healthy individuals. In this study,
we evaluated the effects of the above-mentioned
biomarkers during pretransplant and posttransplant
periods and assessed the association of those
markers with acute graft-versus-host disease, veno-
occlusive disease, and infection.
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Materials and Methods

This single-center study was performed in the Bone
Marrow Transplantation Center of Shiraz University
of Medical Sciences in Shiraz, Iran, to evaluate the
clinical relevance of C-reactive protein and
procalcitonin serum levels in patients who had
undergone hematopoietic stem-cell transplant. No
exclusion criteria were defined. Human leukocyte
antigen-A and human leukocyte antigen-B typing
were performed via serologic analyses or molecular
typing. The study was conducted according to the
guidelines of the Declaration of Helsinki 1975. The
ethics committee of Shiraz University of Medical
Sciences approved the study protocol before its
initiation, and all patients provided written informed
consent that permitted analyses of the clinical data
and the testing described in this report. The clinical
condition of the patients (eg, complications) was
reported on the day of blood sampling.
Uncomplicated hematopoietic stem-cell transplant
was defined as the absence of organ dysfunction and
complications. The commonly used conditioning
regimen consisted of administration of busulfan,
cyclophosphamide, and antithymocyte globulin.
Conditioning regimens for thalassemic patients
consisted of cyclophosphamide and busulfan. Graft-
versus-host disease prophylaxis included
cyclosporine/methotrexate 6 to 10 mg/m2 on days 1,
3, and 6 after hematopoietic stem-cell transplant.
Graft-versus-host disease was graded according to
clinical and biochemical criteria (7). Hepatic veno-
occlusive disease was diagnosed and classified
according to the clinical syndrome of hepatomegaly
and pain, fluid retention, weight gain, and a serum
bilirubin concentration of more than 2 mg/dL (8).

Blood sampling and assessments

Blood sampling was performed on day zero (before
transplant) and 1 and 3 weeks after transplant in 35
patients (11 women and 24 men; age range, 3-48 years)
who had undergone hematopoietic stem-cell
transplant. The demographic characteristics of the
patients studied are shown in the Table 1. Sixteen
patients had acute or chronic leukemia, 12 had
thalassemia, and 7 had metastatic bone marrow
lesions. The high-sensitivity C-reactive protein level
was measured with an enzyme linked
immunosorbent assay kit (MP Biomedicals.

Diagnostics Division. Orangeburg, NY 10962-1294).
The procalcitonin was determined by means of a
semiquantitative immunochromatographic assay
(B.R.A.H.M.S. Procalcitonin-Q, Aktiengesellschaft,
Berlin, Germany) that required 200 µL of serum
plasma per sample. According to information from
the manufacturer of that assay, procalcitonin serum
levels in healthy individuals are lower than 0.5
ng/mL, and levels higher than 10 ng/mL indicate a
systemic bacterial infection.

Statistical analysis

The Mann-Whitney U test, the Pearson chi-square
test, and the Fisher exact test were used to perform
the various statistical analyses. AP value of less than
.05 was considered statistically significant. Analyses
were performed with SPSS software (Statistical
Product and Service Solutions, version 15, SSPS Inc,
Chicago, IL, USA).

Results

Nineteen patients (54.3%) underwent autologous
hematopoietic stem-cell transplant, and 16 (45.7%)
underwent allogeneic hematopoietic stem-cell
transplant. Acute graft-versus-host disease (range,
grade I-III; mean, 17 days) developed in 11 patients
(34.37%). Engraftment produced a neutrophil count
of more than 0.5 × 109 /L after a mean of day 10 in
patients without acute graft-versus-host disease
(range, 8-18 days) and after a mean of day 13 in
patients with acute graft-versus-host disease (range,
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Table 1. Transplant characteristic of the studied patients.

Abbreviation: BMT, Bone marrow transplant

Parameter Patient n (%)
Total 35

Sex,
Male 24 (68.5)
Female 11 (31.4)

Age (Year, Range) 30 (13-50)

Underlying disease
- Acute and Chronic leukemia 16 (45.7)
- Thalasemia 12 (34.2)
- Metastatic lesions 7 (20)

Outologus BMT 19 (54.3)

Allogenic BMT 16 (45.7)

Donor type in allogen, Sibling/ Unrelated 16/0

Donor sex in allogen , Male/Female 13/3

Donor age in allogen (Year, Range) 22.4 (25-30)

Graft source
Bone marrow 3 (8.5)
Peripheral blood 32 (91.4)
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10-26 days). Engraftment was earlier in patients
without acute graft-versus-host disease (mean of day
10 for neutrophils and day 12 for platelets > 20
000/µL) than in those with acute graft-versus-host
disease (mean of day 13 for neutrophils and day 24
for platelets). We did not find a significant correlation
between donor age, underlying disease, or sex, and
acute graft-versus-host disease.

Serum levels of high-sensitivity C-reactive protein
in patients with acute graft-versus-host disease were
higher than those in patients without acute graft-
versus-host disease, but that difference was not
statistically significant (20 ± 2.5 mg/L vs 10.12 ± 5.2
mg/L, respectively) (P = .06). There was no
significant difference in high-sensitivity C-reactive
protein levels in patients with different grades of
graft-versus-host disease. As acute graft-versus-host
disease improved, high-sensitivity C-reactive protein
levels decreased; this showed that those levels may
be correlated with disease status.

The serum level of procalcitonin did not differ
significantly on different days in subjects with acute
graft-versus-host disease and those without that
disease. The procalcitonin levels before hematopoietic
stem-cell transplant did differ significantly on different
days according to disease and drug regimen. Two
patients exhibited fulminant sepsis with bacterial
infection, and systemic mucormycosis developed in
1 patient. Only in the patients with bacterial sepsis
was the procalcitonin serum level increased (ie, > 10
ng/mL). After hematopoietic stem-cell transplant,
only elevated procalcitonin levels differentiated
patients with infection from those with another
transplant-related complication. No altered levels in
high-sensitivity C-reactive protein and procalcitonin
were noted in patients with veno-occlusive disease.
There were no differences with regard to
hematopoietic stem-cell transplant type (autologous or
allogenic), underlying disease, age, or conditioning
regimen and either high-sensitivity C-reactive
protein or procalcitonin serum levels.

Discussion

Defining the pathogenesis of transplant-related
complications (infection, graft-versus-host disease,
veno-occlusive disease) and differentiating them is
often difficult, because many of those disorders
produce similar clinical symptoms. Early detection
and prompt treatment of major transplant-related

complications are critical to the recovery of the
patient. Multiple cytokines have been shown to
contribute to the development, severity, and
persistence of those complications (9-12), the clinical
significance of which remains controversial (12-14).
We conducted this study in hematopoietic stem-cell
recipients to evaluate the significance of high-
sensitivity C-reactive protein and procalcitonin
serum levels in the differentiation of transplant-
related complications. Our major findings can be
summarized as follows: The high-sensitivity C-reactive
protein serum level was increased in patients with
acute graft-versus-host disease and in those with
sepsis. Increased procalcitonin levels were associated
only with bacterial infection. Only procalcitonin levels
could be used to differentiate infection from other
transplant-related complications. Veno-occlusive
disease did not alter serum levels of C-reactive protein
or procalcitonin.

C-reactive protein has been shown to be a useful
marker of bacterial infection (2); however, elevated C-
reactive protein serum levels have also been noted in
patients with a viral infection (3), in cancer patients
with fever associated with the underlying malignancy
(4), in patients who have undergone engraftment (5), in
those with tissue necrosis (15), and in obese individuals
(16). Conversely, the synthesis of C-reactive protein
may be reduced in patients with liver failure and in
those treated with a steroid (2, 17).

Pihusch and colleagues (13) reported that the C-
reactive protein serum level was increased in patients
with an infection. Those authors suggested that
bacterial infections in particular correlate with high
C-reactive protein serum levels and that C-reactive
protein is not usually a biomarker for viral infections.
They found (as we did) elevated serum levels of C-
reactive protein in patients with either a bacterial
infection or acute graft-versus-host disease. C-
reactive protein seems to have a host-defensive
mechanism, because it binds to the phosphocholine
in microbial polysaccharides and activates the classic
complement pathway. An elevated level of C-reactive
protein is not a valuable clue for prediction in
patients with an infection. However, it has also been
reported that soon after allogeneic stem-cell
transplant, serum C-reactive protein levels might
display the graft-versus-leukemia effect (17).

Procalcitonin, a precursor protein of calcitonin, is
produced in response to endotoxins and cytokines in
the sepsis cascade (6). Procalcitonin has proven to be
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a sensitive indicator of bacterial sepsis in
immunocompetent and neutropenic patients (18,19).
In septic patients, the prognostic value of
procalcitonin has been higher than that of C-reactive
protein (20, 21). An increased level of procalcitonin
has also been noted after T-cell antibody infusion in
adult renal transplant patients (22) and in adults and
children receiving T-cell antibodies (5). Blijlevens and
colleagues first reported single cases of graft-versus-
host disease associated with moderately increased
procalcitonin serum levels (14). However, in our
study, neither acute graft-versus-host disease nor
fungal infection increased procalcitonin levels. Only
procalcitonin levels in patients with an infection were
different from those in patients without a transplant-
related complication; this finding is similar to that of
Pihusch and colleagues (13).

According to recent research by Paczesny and
colleagues (9), the biomarker panel of 4 proteins
(interleukin 2 receptor alpha, tumor necrosis factor
receptor 1, interleukin 8, and hepatocyte growth
factor) can be used to differentiate patients with graft-
versus-host disease from those without that disease.
The technique used in our study is comparatively
simple, inexpensive, and reproducible. Nevertheless,
it has not achieved widespread clinical use because of
limitations such as availability or cost.

Our study did not show any significant correlation
between underlying disease and age or levels of
inflammatory markers. One of the limitations of our
study is its sample size. It is necessary to conduct a
large prospective trial in allogeneic stem-cell recipients
to validate the clinical significance of high-sensitivity
C-reactive protein, procalcitonin serum levels,
interleukin-8, and hepatocyte growth factor in the
differentiation of transplant-related complications
after hematopoietic stem-cell transplant.
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