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Serial study of C reactive protein concentrations in
cardiac allograft recipients
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SUMMARY C reactive protein (CRP) concentrations were measured serially in 38 patients after
cardiac transplantation. Three of 28 patients (11%) had raised values before transplantation.
After transplantation, most patients showed rises in CRP concentrations associated with trans-
plant surgery which became normal by day 7. Thereafter, 75/274 samples (28%) from 18/38
patients (47%) had raised CRP values. Most of the rises in CRP concentration were associated
with infection (78%), which in most cases was bacterial. No correlation was found between CRP
values and acute cardiac rejection assessed histologically on serial endomyocardial biopsy.

The clinical course of patients receiving allografts is
complicated by the induction of a variety of
iatrogenic abnormalities. For example, the potent
immunosuppressive effects of steroids or cytotoxic
drugs such as cyclosporin A and antithymocyte
globulin may result in increased susceptibility to
infection or neoplasia.' The administration of
heterologous antithymocyte globulin may also
induce serum sickness like reactions in some
patients and in combination with other immunosup-
pressive drugs may result in reactivation or potentia-
tion of herpes viral infections.23

Recent investigations in cardiac allograft reci-
pients have shown that many patients develop
immunological disturbances including de novo gen-
eration of circulating immune complexes and pro-
nounced C4 hypocomplementaemia.4 Bacterial and
herpes viral antigens as well as antithymocyte globu-
lin have been implicated as constituents of these cir-
culating immune complexes.56 In addition, many
patients transiently produce a range of antiheart
antibodies.7 None of these variables, however, has
been shown to correlate with acute cardiac rejec-
tion.

In the present study concentrations of the acute
phase reactant C reactive protein (CRP) in heart
transplant recipients were examined. This work was
performed to determine whether measurement of
CRP values would aid the identification of intercur-
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rent infections, the differentiation between bacterial
and viral infections, and the diagnosis of acute car-
diac rejection.

Material and methods

Thirty eight patients with either terminal ischaemic
heart disease or cardiomyopathy receiving cardiac
allografts at Papworth Hospital, Papworth-Everard,
Cambridgeshire, were studied. Patients' ages ranged
from 19 to 52 years, with a mean age of 40 4 years.
Blood samples were taken before transplantation
and serially thereafter. The samples were taken
either daily or weekly for the first six weeks, then
less often for variable periods up to 6 months. The
samples were stored at -70°C until assayed. Three
groups of patients were studied: group 1 (n = 15)
received either equine antithymocyte globulin
(0.25-1.0 g/day) (Upjohn Company, Kalamazoo,
Michigan) or rabbit antithymocyte globulin (50-200
mg/day) (kindly supplied by Dr CP Bieber, Stam-
ford Medical Centre); group 2 (n = 5) received cyc-
losporin A (Sandoz Ltd) (18-10 mg/kg/day over five
weeks); group 3 (n = 25) received both antithymo-
cyte globulin and cyclosporin A. The antithymocyte
globulin in this group was given for the first 10 days
only and to control later rejection episodes if
required.
Blood samples were also obtained from normal

donors (n = 50) attending the Blood Transfusion
Service in Cambridge and were processed similarly.

INFECTIONS
Eight patients had bacterial infections caused by
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streptococci, klebsiella, pseudomonas, listeria, or
micrococci with two unidentified infections. Seven
patients had viral infections caused by herpes sim-
plex virus, cytomegalovirus, or mumps. One patient
had pulmonary aspergillus infection and one patient
had disseminated toxoplasmosis.

CARDIAC REJECTION
The presence and severity of rejection of trans-
planted hearts were estimated by noting changes
in daily electrocardiogram voltages and by
endomyocardial biopsy. The latter was normally
undertaken at intervals of about 10 days. The pres-
ence of rejection was confirmed if histological
examination of the biopsy showed cellular infiltra-
tion or myofibrillar disruption or both.

CRP DETERMINATIONS
CRP concentrations were measured on a Beckman
ICS Auto Analyser II, using CRP kits supplied by
Beckman Instruments. CRP values in 50 normal
human serum samples were consistently below 3
mg/ 100 ml This value was taken as the upper limit of
normal.

Table 1 C reactve protein (CRP) concentrations in heart
transplant recipients during the first week after transplant
Post transplant No ofpatients CRP* Median value
day (range)'

Pre-transplantt 25 0 7 (<06-2 2)
1 11 6-4 (<06-14-2)
2 9 12-7 (<0.6-15-0)
3 5 9 9 (<06-21-6)
4 8 7*5 (<0.6-14-5)
5 7 26 (<06-26)
6 7 2-0 (<0.6-67)
7 9 15 (<006-3-9)

*Values expressed as mg/100 ml.
tPre-transplant values excluding three patients with grossly raised
CRP concentrations.

Harkiss

STATISTICS
The results were analysed by ;the Mann-Whitney U
rank test.

Results

CRP VALUES BEFORE TRANSPLANTATION
Pretransplant samples were available from 28
patients. With the exception of three patients who
had high concentrations (9.8, 7 0, 11-5 mg/100 ml),
values in these samples were low or unmeasurable.
A median value of 0-72 mg/100 ml (range <06-
11.50) was obtained for all 28 patients, though when
the three patients with high values were excluded
the median value was 0*70 mg/100 ml (range
<0.6-2.17). Two of these three patients were suc-

cessfully transplanted and were still alive at one

year. The third patient, described previously,8
developed toxoplasmosis after transplantation and
died on day 42.

CRP VALUES AFTER TRANSPLANTATION
Ninety nine of 321 samples (31%) from 28/38
(74%) patients had raised CRP values after trans-
plantation. In groups 1, 2, and 3, 76/228 (33%),
5/29 (17%), and 18/64 (28%) samples res-

pectively had increased concentrations.

CRP INCREASES ASSOCIATED WITH
TRANSPLANTATION
Daily samples were available from a few patients
during the first seven days after transplant. CRP
measurements over this period showed a sharp rise,
usually within 48 h of operation, which peaked at
days 2-3 (Table 1). The CRP concentrations were

almost back to pretransplant values by day 7.

RELATION BETWEEN CRP VALUES AND
INFECTION
Analysis of the relation between CRP values and

Table 2 C reactive protein (CRP) rises in relation to infection in heart transplant recipients

No positivelno tested (to)*

Antithymocyte globulin Cyclosporin A Cyclosporin A +
andthymocyte globulin

Totalt
Samples 61/201 (30) 0/18 (0) 14/55 (26)
Patients 9/18 (50) 0/5 (0) 9/15 (60)

Associated with infection
Samples 48/201 (24) 0/18 (0) 3/55 (6)
Patients 8/18 (44) 0/5 (0) 2/15 (13)

Not associated with infection
Samples 13/201 (7) 0/18 (0) 11/55 (20)
Patients 6/18 (33) 0/5 (0) 8/15 (53)

*Treatment groups compnse antithymocyte globulin (n = 18), cyclosporin A (n = 5), and cyclosporin A + antithymocyte globulin (n =
15).
tExcluding measurements taken during first seven days.
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Serial study of C reactive protein concentrations in cardiac allograft recipients
Table 3 C reactive protein (CRP) concentrations during different types ofknown infective episodes in heart transplant
recipients

Type of infection* No ofpatients with raised CRP No ofsamples with raised CRP CRP concentrationt
values/no tested (Oo)t valueslno tested (%o)t Median value (range)

Bacterial 7/8 21/24 4-6 (<0.6-24-0)
Viral 3/6 3/10 0-7 (<0-6-7-1)
Fungal 1/1 1/1 5.3
Toxoplasmal 1/1 8/9 8-8 (2-9-14-1)
Total 12i16 (75) 33/44 (75%) 5-3 (<0-6-24-0)

*See methods section for details.
tSamples taken during the infection period were considered raised if they exceeded 3 mg/100 ml.
tValues expressed as mg/100 ml.

infection was performed on data obtained from day
8 onwards to avoid incorporating the rise in CRP
normally associated with transplant surgery during
the first week after transplant. The results were
analysed by comparing the incidence of CRP positiv-
ity in samples taken during recognised clinical infec-
tions with samples obtained at other times.
A total of 274 samples from 38 patients were

tested (Table 2). Over half the patients receiving
antithymocyte globulin alone showed rises in CRP
concentration at some time after day 7, with about a
third of the samples having high values. Five
patients receiving only cyclosporin A showed no
rises in CRP. Of the samples with raised CRP values
in group 1 48/61 (79%) were associated with infec-
tion. In contrast, only 3/14 (6%) samples with raised
CRP values were associated with infection in group
3. The CRP data were further analysed in relation to
the type of infection (Table 3). Raised CRP values
were found more consistently in patients with
known bacterial infections than in those with viral
infections. CRP values were also raised in the
patient with an aspergillus infection and in another
with toxoplasmosis.

CRP VALUES AND ACUTE CARDIAC REJECTION
The association between CRP concentration and
acute rejection was analysed by comparing CRP
values in samples taken the same day as a cardiac

Table 4 C reactive protein (CRP) values and acute
rejection in 30 heart transplant recipients

Biopsy result* No of biopsies CRP concentration
Median value (range)

Negative 59 0-9 (<06-20-9)
Positivet 61 0-8 (<06-11-8)
Grade 1 40 0-8 (<0-6-11-8)
Grade 2 13 1-8 (<0-6-5.8)
Grade 3 8 0-8 (<0-6-4-0)

*Rejection was assessed histologically on serial endomyocardial
biopsies.
tGrade 1, 2, and 3 indicate minimal, moderate, and severe
rejection respectively.
i:CRP values (mg/ 100 ml) in sera taken on same day as the cardiac
biopsy.

biopsy (Table 4). About half the biopsies showed
some evidence of acute rejection. The rank values of
CRP of the biopsy positive and biopsy negative
groups were not significantly different. Similar
results were obtained when the biopsy positive
group was split into three grades of rejection sever-
ity and each grade compared with the biopsy nega-
tive group.
Although the results in Table 4 indicate a lack of

correlation between CRP values and cardiac rejec-
tion, the association of increased CRP concentration
with infection may have obscured a relation with
rejection. The data were thus edited as far as poss-
ible to exclude CRP rises associated with recognised
infection, and then analysed in relation to the car-
diac biopsy results. Thirteen samples with raised
CRP concentrations unassociated with infection
gave a median value of 4-4 mg/100 ml (range 2l2-
12-0). Six of 13 biopsies taken at the same time were
positive for rejection (46%), with a median value of
5.4 mg/100 ml (range 3.1-12.0). The biopsy nega-
tive group had a median value of 4-3 mg/100 ml
(range 2.2-6-6). The CRP values were conversely
examined in all samples with a corresponding biopsy
showing rejection. The results showed that 8/37
(22%) samples had raised CRP concentrations, with
a median value of 0 7 mg/100 ml (range <0 6-11.8).
These results indicate that even when clinical infec-
tions are eliminated from the data, raised CRP val-
ues do not correlate with rejection. Similarly, when
only positive biopsies are considered, median CRP
values are low.

Discussion

Much information has emerged recently on the role
of CRP in disease.9 For example, CRP opsonises
pathogenic bacteria, interacts with various products
of inflammation, and fixes human complement.'° "
CRP concentrations are normally low'2 but rise pre-
dictably two to three days after various forms of
operation'0'3'4 and fall rapidly over the next two
days. This pattern was also found in the heart trans-
plant recipients studied here.
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CRP concentrations also rise dramatically in
patients with bacterial infections,9 10 but only mod-
estly, if at all, in most viral infections.'5-'7 One
recent report, however, has shown that CRP values
rise substantially in patients with measles, though
only when the rash appears or if the disease is com-
plicated by pneumonia.'8 CRP titres have also been
found to be raised during rubella viral exanthem.'9
In heart transplant recipients the rises in CRP values
were mostly associated with the presence of infec-
tion in patients receiving antithymocyte globulin
only (Table 2). Patients receiving cyclosporin A only
had no rises in CRP, however, while those receiving
both antithymocyte globulin and cyclosporin A gave

a negative association with clinical infection. The
explanation of this result is not clear. It is possible
that infection was present sub-clinically in these
patients. Certainly, cyclosporin A in low doses
induces fewer infections, with a lower incidence and
severity of acute rejection compared with antilym-
phocyte serum or antithymocyte globulin,20 and this
seems to be the case in the patients in this study.
This suggests that the rises in CRP concentration in
group 3 were due either to infection rendered sub-
clinical by cyclosporin A treatment or to some other
cause of inflammation.

Analysis of the type of clinical infection found in
heart transplant recipients showed that the inci-
dence and degree of raised CRP values were much
-higher during episodes of bacterial infection than
viral infection (Table 3). It is not certain, however,
whether the three instances of increased CRP values
associated with herpes virus infection were the con-

sequence of such infection or a coincidence. Cer-
tainly, analysis of circulating immune complex com-

ponents in these patients suggests the presence of
subclinical bacterial infection.6 Increases in CRP
seen in the patient with aspergillus infection are

consistent with the known ability of CRP to bind
aspergillus extracts.'0 It is also of interest to note
that CRP values were consistently high in the
patient with fatal toxoplasmosis.

In addition to intercurrent infections, heart trans-
plant recipients undergo episodes of acute rejection
of varying severity. The use of endomyocardial
biopsy allows the diagnosis of rejection to be made
on a histological basis and the degree of rejection to
be graded. A recent report presented evidence sup-
porting correlation between acute rejection of renal
allografts and CRP titres.2' CRP values were associ-
ated in 35/38 renal rejection episodes, with raised
CRP concentrations occurring on average 4-4 days
before the rejection episode. Analysis of CRP val-
ues in the heart transplant recipients did not, how-
ever, show any clear cut association with cardiac
rejection.

Harkiss

The reasons for the differences between the two
types of transplant patients are not clear. They could
be related to use of renal function indices versus
cardiac biopsy as the method of diagnosing rejec-
tion, or to more severe inflammatory reactions
occurring during kidney rejection. Alternatively, the
presence of infection both clinical and sub-clinical
could obscure any relation between CRP values and
rejection. Even after editing the data to exclude
periods of clinical infection, however, no relation
between CRP values and acute rejection was evi-
dent. These observations are similar to those made
in bone marrow transplant recipients, in whom
increases in CRP concentrations correlated with
infection and not with graft versus host disease.22
The present data thus indicate that measurement

of CRP concentrations would be useful in dis-
criminating between infection and symptoms of
acute cardiac rejection.

References

Thomson AW. Immunobiology of cyclosporin A-a review. Aust
J Exp Biol Med Sci 1983;61: 147-72.

2 Ho M. Virus infections after transplantation in man. Arch Virol
1977; 55: 1-24.

3 Pass RF, Whitley Ri, Diethelin AG, et al. Cytomegalovirus infec-
tions in patients with renal transplants: Potentiation by anti-
thymocyte globulin and an incompatible graft. J Infect Dis
1980; 142:9-17.

4Harkiss GD, Brown DL, Cory-Pearce R, et al. Serial analysis of
circulating immune complexes, complement and antithymo-
cyte globulin antibodies in heart transplant recipients. J Clin
Immunol 1983;3: 117-26.

5Harkiss GD, Brown DL, Smith DJ, et al. Antibody moieties
within circulating immune complexes in heart transplant reci-
pients. Clin Exp Immunol 1983;51:21-8.

6 Harkiss GD, Weirzbicki AS. Isotype and antigen analysis of
immune complexes isolated from the sera of heart transplant
recipients. J Clin Lab Immunol 1984; 13:155-60.

7Harkiss GD, Cave P, Brown DL, et al. Anti-heart antibodies in
cardiac allograft recipients. Int Archs Allergy Appl Immunol
1984;73: 18-22.

McGregor CGA, Fleck DG, Nagington J, et al. Disseminated
toxoplasmosis in cardiac transplantation. J Clin Pathol
1984;37:74-7.

9Morley JJ, Kushner I. Serum C-reactive protein levels in disease.
Ann NY Acad Sci 1982;389406-18.

10 Gewurz H, Mold C, Siegel J. C-reactive protein and the acute
phase response. Adv Int Med 1982;27:345-72.

Pepys MB. C-reactive protein fifty years on. Lancet
1981;i:653-6.

2 Claus DR, Osmand AP, Gewurz H. Radioimmunoassay of
human C-reactive protein and levels in normal sera. J Lab Clin
Med 1976;87:120-8.

Crockson RA, Payne CJ, Ratcliffe AP, et al. Time sequence of
acute phase reactive proteins following surgical trauma. Clin
Chim Acta 1966;14:435-41.

'4 Fischer CL, Gill C, Forrester MG, et al. Quantitation of ' acute-
phase proteins" postoperatively. Value in detection and
monitoring of complications. Am J Clin Pathol 1976;":840-
6.

5 Lofstrom G. Nonspecific capsular swelling in pneumococci. Acta
Med Scand (suppl) 1943; 141.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.38.2.193 on 1 F
ebruary 1985. D

ow
nloaded from

 

http://jcp.bmj.com/


Serial study of C reactive protein concentrations in cardiac allograft recipients 197
6 McCarty PI, Frank AL, Ablow RC. Value of the C-reactive pro- 21 White J, Meyer E, Hardy MA. Prediction of onset and termina-

tein test in the differentiation of bacterial and viral pneumonia. tion of renal allograft rejection by serum levels of C-reactive
J Pediatr 1978;92:454-6. protein. Transplant Proc 1981; 13:682-5.;

7Peltola HO. C-reactive protein for rapid monitoring of infections 22 Walker SA, Rogers TR, Riches PG, White S, Hobbs JR. Value
of the central nervous system. Lancet 1982;i:980-3. of serum C-reactive protein measurement in the management

8 Griffon DE, Hirsch RL, Johnson RT, et al. Changes in serum of bone marrow transplant recipients. Part I: early transplant
C-reactive protein during complicated and uncomplicated period. J Clin Pathol 1984;37:1018-21.
measles virus infections. Infect Immun 1983;41:861-4.

Salomen EM, Vaheri A. C-reactive protein in acute viral infec- Requests for reprints to: Dr GD Harkiss, Department of
tions. J Med Virol 1981;8: 161-7. Vetests f o gy, Royal (D h ool of Vetenary

20 English TAH, McGregor C, Wallwork J, et al. Aspects of Veterinary Pathology, Royal (Dick) School of Veterinary
immunosuppression for cardiac transplantation. Heart Trans- Studies, University of Edinburgh, Summerhall, Edinburgh
plantation 1982;1:280-4. EH9 1QH, Scotland.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.38.2.193 on 1 F
ebruary 1985. D

ow
nloaded from

 

http://jcp.bmj.com/

