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Value of serum C-reactive protein measurement in
the management of bone marrow transplant
recipients. Part I: early transplant period
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SUMMARY Serum C-reactive protein concentrations were measured serially during the early
transplant period in 68 bone marrow recipients transplanted for leukaemia (34), chronic
granulocytic leukaemia (2), severe aplastic anaemia (6), and various inborn errors of metabolism
(26). There were 116 clearly documented episodes of infection or acute graft versus host disease
or both. Serum C-reactive protein concentrations in patients with viral (11) or fungal infection
(6) were normal or only slightly raised. In 32 patients with isolated acute graft versus host
disease, only three (10%) showed serum C-reactive protein concentrations above 40 mg/l. Val-
ues greater than 40 mg/l were strongly suggestive of bacterial infections and values above
100 mg/l were seen only in patients (43) with bacterial infections with or without acute graft
versus host disease. These findings suggest that serum C-reactive protein concentrations are
valuable both for diagnosis and monitoring of such infections.

Infection and graft versus host disease are still the
two major causes of morbidity and mortality during
bone marrow transplantation, and they represent
the most important barriers to immediate and long
term survival.' 2 Acute graft versus host disease may
be initiated or exacerbated by infection,3 and studies
in animals4 and man56 have shown that the reci-
pient' s microbial environment may significantly
modify the incidence and course of the disease.
Acute graft versus host disease and its treatment
with immunosuppressive drugs increases the inci-
dence of infection,7 while the empirical use of broad
spectrum antibiotics may increase the risk from
invasive fungal infections.8 There would therefore
be obvious value for any laboratory investigation
that could be used in the differential diagnosis and
monitoring of these complications, which are often
difficult to distinguish clinically and may occur
simultaneously.

Infections, particularly bacterial, are associated
with an acute phase response, during which the con-
centrations of many serum proteins are altered.9 The
nature of the acute phase response in acute graft
versus host disease has not been fully investigated.

C-reactive protein (CRP) is one of the most sen-
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sitive of the acute phase proteins. It is present in
normal serum in trace amounts, and its concentra-
tion rises within 8-12 h of an inflammatory stimulus;
values can increase 1000-fold. With recovery from
tissue injury or infection the serum CRP concentra-
tion falls rapidly. The biology of CRP has recently
been reviewed.'0 CRP has been used in the detec-
tion of bacterial infections in patients with
leukaemia," neonates,'2 13 and in patients with sys-
temic lupus erythematosus'4; for monitoring disease
activity in inflammatory disease 5-17; for monitoring
postoperative complications'8; and for assessing
response to antibiotic treatment.'9 The lack of
response of CRP in most viral infections has led to
its use in the differential diagnosis of viral and bac-
terial infections.20 22
We have analysed the serum CRP concentrations

found in bone marrow transplant recipients in rela-
tion to documented infection and acute graft versus
host disease in the early transplant period (less than
3 months after transplant).

Patients and methods

Sixty eight bone marrow transplant recipients
studied longitudinally from admission until dis-
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Serum C-reactive protein concentration during bone marrow transplantation: early period
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Maximum serum C-reactive protein (CRP) concentrations in bone marrow transplant recipients less than three months after
transplant. Each point represents the peak serum CRP concentration dunrng an episode of infection or acute graft versus host
disease or both.
Bacterial infection: I = microbiologically documented septicaemia; 1I = clinically documented infection; III =
microbiologically documented localised infection.
Infection with acute graft versus host disease: I = bacterial: II = non-bacterial.
Horizontal bar indicates median peak serum CRP concentration for each group.

charge (up to 3 months after transplant) or death
had a total of 116 clearly documented episodes of
infection or acute graft versus host disease or both.
They had been transplanted for acute leukaemia
(34), chronic granulocytic leukaemia (2), severe
aplastic anaemia (6), and various inborn errors of
metabolism (26).
Serum CRP concentrations were measured by

rate nephelometry on a Beckman ICS analyser using
Beckman reagent kits (Beckman Instruments Inc,
Fullerton California 92634, USA) on samples taken
regularly from inpatients. The limit of sensitivity was
6 mg/l, and 10 mg/l was taken as the upper limit of
normal.23 The coefficient of variation in replicate
assays was 6%.
The diagnosis of most bacterial and fungal infec-

tions was confirmed by positive culture and sup-

ported by a response to appropriate treatment. The
diagnosis of viral infections was by electron micros-
copy, virus isolation, or significantly rising viral anti-
body titres. In the few patients in whom a causative
agent was not identified there was strong clinical
evidence of infection or response to treatment or

both.
The diagnosis of acute graft versus host disease

was usually confirmed by positive biopsy findings in
patients developing typical clinical manifestations.24

Infection prophylaxis included intestinal decon-

tamination, skin and mucosal disinfection, and the
provision of sterile or clean cooked food as
described previously.25 Patients were nursed in cu-
bicles, with reverse barrier nursing maintained until
the peripheral neutrophil count exceeded 0-5 x
109/l. Episodes of fever (38°C for 2 h or longer)
were treated empirically with azlocillin or piperacil-
lin and gentamicin; when this treatment failed, in
the absence of acute graft versus host disease,
intravenous amphotericin or antiviral treatment was
considered.

Graft versus host disease prophylaxis in adult
patients consisted of oral cyclosporin A at a dosage
of 12-5 mg/kg twice daily from four days before until
about 120 days after transplant.26 Intravenous cyc-
losporin A was given only when oral absorption was
inadequate. Paediatric patients were given oral and
intravenous cyclosporin A, with dosage adjusted to
maintain adequate plasma concentrations of the
drug. When acute graft versus host disease
developed, infusions of methyl prednisolone (1 g/
mi2) were given 6, 8, or 12 hourly for short pulses
followed by rapid stepwise reduction.27
The highest serum CRP concentrations reached in

patients during episodes of infection or acute graft
versus host disease or both were compared. The
significance of differences between the patient
groups was assessed by the Mann-Whitney test.28
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Results

The sites and causative agents (where known) of
infections occurring in the absence of acute graft
versus host disease are shown in Tables 1 to 6 and
those occurring in the presence of the disease are

shown in Table 7 (see appendix after part II). The
maximum CRP concentration during each episode
of infection or acute graft versus host disease or both
is shown in the Figure, with the medians for patient
groups.

In eight bone marrow transplant recipients, five of
whom had acute graft versus host disease, strep-
tococcal septicaemia was diagnosed, but, surpris-
ingly, serum CRP concentrations were not increased
(median serum CRP 14 mg/I; range <6-39 mg/i).
These patients have been excluded from the figure.
Serum CRP concentrations were raised in strep-
tococcal septicaemias in seven non-bone marrow

transplant recipients, (median serum CRP 152 mg/I;
range 63-233 mg/l) and in a small number of bone
marrow transplant recipients presenting with strep-
tococcal septicaemias later than three months after
transplant.3' With the exception of streptococcal
septicaemias, serum CRP concentrations were
significantly higher in bone marrow transplant reci-
pients with major bacterial infections, with or with-
out acute graft versus host disease, than in those
with viral infections (p < 0-0001), fungal infections
(p < 0.001), or acute graft versus host disease with-
out bacterial infection (p <0-0001). There was no
significant difference between serum CRP concent-
rations in patients with viral or fungal infections and
those with acute graft versus host disease without
infection.
*In patients with bacterial infections and raised

serum CRP concentrations, a favourable clinical
response to antibiotic treatment was accompanied
by decreasing serum CRP values, with an apparent
half life of 24 h. Patients who did not respond had
persistently raised serum CRP concentrations (data
not shown).

Discussion

This study has indicated that acute graft versus host
disease is not accompanied by significant increases
in serum concentrations of the acute phase reactant
CRP. With the exception of three patients, the max-
imum concentrations of serum CRP in acute graft
versus host disease were less than 40 mg/I, and val-
ues above this were strongly suggestive of major
bacterial infection. Furthermore, values above
100 mg/l were seen only in bacterial infections. Four
febrile patients had markedly raised serum CRP
concentrations, with strong clinical evidence of
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infection, and they responded to treatment with
antibiotics. Blood cultures, however, were consis-
tently negative. Since most blood cultures are taken
to obtain laboratory confirmation of suspected clini-
cal septicaemia and not for the reassurance of a
negative result,29 increased serum CRP concentra-
tions are a useful laboratory indicator of major bac-
terial infection when blood cultures are negative.
The three patients with acute graft versus host dis-
ease and serum CRP concentrations above 40 mg/i
were febrile and were given antibiotics, but they
showed a better clinical response to high dosage
steroids. Occult bacterial infection, however, may
have been present.

In a recent publication30 CRP was found to be
increased in acute graft versus host disease whether
or not this was complicated by infection; however,
the numbers studied were small. In the present
series we documented a large number of episodes of
acute graft versus host disease without infection, and
the inevitable inclusion of some occult bacterial
infections would be expected to introduce less bias
into the data.
The absence of a CRP response in streptococcal

infections during the early transplant period may
have reflected low grade bacteraemias complicating
Hickman line infections.
Serum CRP concentrations in bone marrow

transplant recipients with viral infections were nor-
mal or slightly raised as expected, and this was also
the pattern seen in the small group of patients with
fungal infections. In this study, however, viral and
fungal infections occurred less often than bacterial
infections.

This study has shown that serial measurement of
serum CRP concentrations is valuable in the man-
agement of bone marrow transplant recipients with
suspected or confirmed bacterial infection. Raised
serum CRP concentrations fell rapidly in response
to appropriate antibiotics, while in patients in
whom raised serum CRP values persisted a change
of antibiotics might have been indicated.

In conclusion, a raised serum CRP concentration
is a sensitive marker of bacterial infection in bone
marrow transplant recipients even in the presence of
acute graft versus host disease, which alone gave no
appreciable increase. CRP becomes a valuable
laboratory parameter to support a diagnosis of bac-
terial infection when there is strong clinical evidence
but blood cultures are negative. The application of
rate nephelometry to the measurement of serum
CRP allows determination of concentrations within
30 min of the sample reaching the laboratory.
Therefore, in suspected bacterial infections serum
CRP concentrations can be monitored to assess
response to empirical antibiotic treatment until the
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Serum C-reactive protein concentration during bone m

therapy can be rationalised by identification of the
causative agent and its antibiotic sensitivities. It is
also probably desirable that serum CRP concentra-
tions should fall to within the normal range before
antibiotic treatment is stopped.
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