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SUMMARY C reactive protein concentration was measured serially in 19 patients with leukaemia
after bone marrow transplantation. Six episodes of graft versus host disease occurred in the
presence of fever but with no evidence of infection, and these were associated with C reactive
protein concentrations as high as 200 mg/l. C reactive protein values were also increased in 12
febrile episodes associated with infection, in seven of which graft versus host disease was also
present. C reactive protein concentrations are of no value in differentiating infection from graft
versus host disease, but in both cases they may be useful as an objective index of response to
appropriate treatment.

The clinical management of patients after allogeneic
bone marrow transplantation is often complicated.
Patients frequently develop clinical signs of acute
graft versus host disease in the early days of marrow
engraftment, a time when they are also severely
neutropenic.' One of the first signs of the disease is
an isolated fever and it can be extremely difficult to
assess clinically whether the fever reflects graft ver-
sus host disease, infection, or both.
C reactive protein is the classical acute phase

reactant, the serum concentration of which rises by
up to several thousand fold after most fonns of tissue
damage, infection, inflammation, and malignant
neoplasia.24 Recent studies have shown that in
patients who are neutropenic after treatment of
leukaemia the serum C reactive protein concentra-
tion increases substantially in association with clini-
cally or microbiologically documented episodes of
infection.57 The persistence of a raised C reactive
protein concentration correlates with continuing
infection. In contrast, the leukaemic process per se,
or its treatment, is associated with only a small, if
any, rise in C reactive protein concentration.7
The aim of the present study was to determine

whether the C reactive protein concentration was
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increased in patients with graft versus host disease
and to assess the clinical value of serial C reactive
protein measurements in patients after bone marrow
transplantation.

Patients and methods

Nineteen patients with leukaemia underwent inten-
sive chemotherapy and total body irradiation and
then received bone marrow harvested from HLA
identical, mixed lymphocyte reaction unreactive
siblings (Table). Patients were nursed in single cu-
bicles with "reverse barrier" precautions against
infection. Cotrimoxazole and amphotericin B were
given orally as routine antibacterial and antifungal
prophylaxis. Cyclosporin was taken orally each day

Disease status ofpatients studied

Disease No of
patients

Acute myeloid leukaemia in first complete
remission 1

Acute myeloid leukaemia in second complete
remission 1

Acute megakaryoblastic leukaemia in first complete
remission 1
Chronic granulocytic leukaemia in chronic phase 14
Chronic granulocytic leukaemia in accelerated phase 2
Total 19
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in the period after transplant for prophylaxis against
graft versus host disease.
A fever was defined as a body temperature of

38°C or greater which persisted for 2 h or longer.
The end of a febrile episode was defined as the time
when the temperature had remained at or below
37°C for 24 h. Documented infections were those in
which it was possible to identify the causative organ-
ism, isolated either from a clinically defined site of
infection or from blood cultures. In one case a feb-
rile episode was designated as being due to viral
infection because of clear localising signs and
response to antiviral chemotherapy despite negative
viral cultures.

Graft versus host disease was diagnosed clinically
by the documentation of rash and severe diarrhoea
or liver function abnormalities or both, according to
the criteria of the Seattle Bone Marrow Transplan-
tation Group.' Whenever possible the disease was
confirmed histologically in skin biopsy specimens.
Venous blood was taken for C reactive protein

estimation on two or three occasions in the week
before transplant, then daily from the day of trans-
plant until the patient was no longer neutropenic
(neutrophils >1 x 109/l), and thereafter whenever
practicable, until the patient was discharged from
hospital. Serum was stored at -20°C and assayed
for C reactive protein by electroimmunoassay as
described elsewhere.8 The assays were standardised
using samples of isolated pure C reactive protein;
the coefficients of variation of replicate samples
both within and between assays did not exceed 10%.
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Fig. 1 C reactive protein concentration in febrile patients
after bone marrow transplantation. Each point represents
the maximum C reactive protein value recorded for an
individual patient during the episode offever. Horizontal
bars indicate the medians for each group. (n = 18; one

febrile episode was associated with neither graft versus host
disease (GVHD) nor infection nor rise in C reactive
protein.)
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Fig. 2 Serum C reactive protein concentrations after bone
marrow transplant in a 22 year old man transplanted for
chronic granulocytic leukaemia in accelerated phase. C
reactive protein values correlated with fever and graft versus
host disease (GVDH), manifested by rash and diarrhoea.
Blood and viral cultures were negative.

Results

During the period after transplant there were 19
episodes of fever occurring in 16 patients, and 18 of
these episodes were associated with rises in C reac-
tive protein concentration. Eleven patients
developed symptoms and signs of graft versus host
disease, associated with fever and a rise in C reactive
protein. Two of these patients had two separate
episodes of fever associated with a rise in C reactive
protein concentration and signs of graft versus host
disease. Of this total of 13 episodes, seven were
associated with infection and in six the graft versus
host disease occurred alone. C reactive protein con-
centrations increased in all febrile patients with graft
versus host disease, but there was no significant dif-
ference between the median values obtained in the
group with concomitant infection and the group in
which graft versus host disease occurred alone (Fig.
1). Graft versus host disease occurring in the
absence of infection could be associated with C reac-
tive protein values as high as 200 mg/l (Fig. 2). Two
other patients had a mild transient rash but no fever
and no rise in C reactive protein. One other patient
had a late rise in C reactive protein concentration
but no fever, and a few days later after leaving the
hospital developed skin graft versus host disease
confirmed by biopsy.
Twelve febrile episodes were associated with

infection and all cases were associated with in-
creased serum C reactive protein concentrations
(Fig. 1). In six cases there was oral mucositis, and
Herpes simplex virus was isolated from mouth
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Fig. 3 Serum C reactive protein concentrations after bone
marrow transplant in a 40 year old woman transplanted for
chronic granulocytic leukaemia in chronic phase. The fever
and rise in C reactive protein initially was associated with
oral mucositis and positive Herpes simplex cultures (shown
by arrows), and the patient was treated with acyclovir. She
then developed signs ofgraft versus host disease
(GVHD)-initially a rash and diarrhoea and later severe
hypotension. She was treated with high dose methyl
prednisolone resulting in clinical improvement associated
with a fall in C reactive protein concentration.

swabs. A further case of oral mucositis, which clini-
cally appeared to be caused by Herpes simplex
despite negative cultures, responded to treatment
with intravenous acyclovir. Six febrile episodes were
associated with bacterial infections, with isolation
from blood cultures of Staphylococcus epidermidis
in four patients, Staphylococcus aureus in one
patient, and enterobacter in one patient. Seven feb-
rile episodes were associated with concomitant graft
versus host disease and infection, and in these
patients the C reactive protein concentration was of
no use in distinguishing the cause of fever (Fig. 3).
In addition, one patient had a rise in C reactive pro-
tein concentration associated with a sore throat
(from which pseudomonas was isolated) without
fever and responded to netilmycin therapy. Two
patients had Herpes simplex stomatitis with positive
cultures associated with no fever and no rise in C
reactive protein concentration.

Discussion

In this study all febrile patients with graft versus host
disease in the absence of infection had increased
serum C reactive protein concentrations, and the
concentrations fell as the episodes of graft versus
host disease resolved. Some episodes of graft versus
host disease are associated with infection, and it is
possible that the process of infection precipitates the

disease. C reactive protein concentrations did not
appear to rise before the onset of fever or other
clinical signs of infection or graft versus host disease,
so they did not predict clinical problems in the
period after transplant. Also, as C reactive protein
concentration rose in both infection and graft versus
host disease, it was not useful in distinguishing be-
tween these problems. Nevertheless, C reactive pro-
tein values did reflect closely the clinical response to
appropriate treatment, whether for infection or graft
versus host disease.
The prevention and treatment of infection and

graft versus host disease are both major problems in
bone marrow transplantation. Cyclosporin may pre-
vent graft versus host disease in some patients and
alleviate the severity in others.9 Episodes of acute
severe graft versus host disease are difficult to treat,
however, and apart from symptomatic and sup-
portive treatment, high dose methyl prednisolone
treatment, with its complications of fluid retention,
disordered glucose metabolism, hypertension, and
immunosuppression, is necessary. Provided the non-
specific nature of the C reactive protein response is
recognised and C reactive protein results are in-
terpreted only in the light of full clinical information
about the patients, serial C reactive protein
estimations may be useful in this complex situation.
Prompt availability of serum C reactive protein
values, measured by the commercially available
rapid assay systems (Syva Company, Palo Alto, Ca,
USA, or Beckman Instruments, Fullerton, Ca,
USA), should provide an objective index of
response to treatment both for microbial infection
and for graft versus host disease, and thereby
contribute to improved patient management.

We thank Mr GS Takhar for technical assistance.
This study was supported in part by MRC Pro-
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