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Abstract. Cytomegalovirus (CMV) pancreatitis was diag- 
nosed in eight out of 124 pancreatic transplant recipients. 
Five of the eight patients developed intrapancreatic ab- 
scesses and four of the grafts were lost, but one is still func- 
tioning. In the three additional cases of pancreatitis, anti- 
viral treatment with foscarnet or ganciclovir was given as 
soon as signs of CMV pancreatitis were detected. No such 
grafts were lost during the acute phase. CMV infection 
was diagnosed in cells from pancreatic juice, by virus iso- 
lation, detection of CMV antigen in cells from pancreatic 
juice or by CMV serology. The signs and symptoms of 
CMV pancreatitis included fever, general malaise, ab- 
dominal pain, diarrhoea, localized peritonitis, hyperamy- 
lasaemia, leukopenia and hyperglycaemia. It is recom- 
mended that rapid diagnostic procedures for CMV should 
be carried out when early signs of pancreatitis develop in 
pancreatic graft recipients. Antiviral treatment should be 
given when CMV pancreatitis is suspected or diagnosed in 
order to prevent the development of intrapancreatic ab- 
scesses and graft loss. 
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Cytomegalovirus (CMV) infection is a major cause of 
morbidity and mortality after organ transplantation [17, 
18, 201. The incidence of CMV infections increases with 
increasing doses of immunosuppressive therapy and, in 
particular, with the use of antithymocyte globulin (ATG) 
or monoclonal T-cell antibodies [4, lo]. Gastrointestinal 
manifestations, including pancreatitis, have been re- 
ported during CMV infections in allograft recipients [18]. 

In order to avoid primary CMV infections after renal 
and/or pancreatic transplantation, grafts or blood pro- 
ducts from CMV seropositive donors should not be given 
to CMV seronegative recipients [3,21,22]. The combina- 
tion of giving a graft from a CMV seronegative donor to a 
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seropositive recipient is also hazardous since the graft 
may be infected de novo by the recipient's CMV strain. 
We report the clinical outcome in eight cases of CMV pan- 
creatitis in 124 pancreatic transplant recipients. In five pa- 
tients intrapancreatic abscesses developed, four of these 
grafts were lost, but one was salvaged by removal of the 
abscess. In contrast, the grafts were saved in the three pa- 
tients with evidence of CMV graft pancreatitis who were 
treated with antiviral agents in the acute phase. 

Patients and methods 

Betwcen April 1974 and August 1989, 124 pancreatic transplants 
werc performed in our institution. The exocrine pancreaticsecretion 
was managed by duct ligature in three cases. by diversion to thc sto- 
mach in seven cases and by enteric diversion to the bowel in 
114 cases [7]. The immunosuppressive therapy consisted of cyclo- 
sporin (CyA) (initial dose 8 mglkg orally aiming at wholc blood 
trough levels of 150 ng/ml at 3 months) and prednisolone (Pred) 
(100 mgdaily. tapered to20 mg at 1 month and 10 mgat 3 months) in 
eight cases: CyA, Pred and azathioprine (Aza, 2 mgkg tapered to 
1 mglkg at 1 mon th) in seven cases; and a quadruple regimen consist- 
ing of ATG (3 mg/kg for 1 week), CyA, Aza and Pred in the remain- 
ing cases. All the recipients were patients with insulin-dependent 
diabetes mellitus of long standing. The majority had end-stage 
diabetic nephropathy and therefore underwent combined renal and 
pancreatic transplantation. Pancreatic transplantation alone was 
performed in a few cases where the patients had a pre-uraemic ne- 
phropathy, defective counter-regulation of hypoglycaemia or severe 
secondary complications, other than nephrupathy. 

Viral diagnosis 

CMVserology. Serum was analysed for CMV-specific IgG and IgM 
antibodies by enzyme-linked immunosorbent assay (ELISA) prior 
to transplantation on recipient and donor sera (from 1986) [19]. Fur- 
ther analyses were carried out on recipient serum once a month for 
the first 6 months post-transplant (post-tx). Reactivated CMV infec- 
tions were diagnosed by a twofold or more increase in ELISA ab- 
sorbance between paired samples. Seroconversion for IgG and/or 
IgM was required for diagnosing a primary CMV infection. 



CMV isolnriorr. Cultures for CMV were performed on buffy coat. 
pancreatic biopsies. pancreatic juice and urine. Cells were seeded on 
human embryonic lung fibroblasts, which were cultured for 6 weeks. 
The isolates were further characterized by immunofluorescence (IF) 
(161. 

CMV nurigens. Cells obtained from pancreatic biopsies, pancreatic 
juice or buffy coat were analysed for evidence of CMV antigens by IF 
using monoclonal antibodies (CH 12 and CH 16) directed against 
late CMVantigens [16]. 

Results 

In the whole series, 12 grafts were lost due to acute irre- 
versible rejection and 18 due to chronic rejection. Serol- 
ogy for CMV antibodies had been performed from both 
donors and recipients since October 1986. Data were 
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therefore available in only 49 donor-recipient pairs. When 
graft and patient survival rates were analysed according to 
CMV status in both the donors and the recipients no dif- 
ferences were found. 

In 4 of 124patients the grafts were lost because of 
strictly localized intrapancreatic abscesses. All these pa- 
tients had been subjected to repeated antirejection treat- 
ments and were all CMV seropositive. The donor CMV 
serology was not known in one case, was positive in one 
and negative in two cases. In the last three patients, who 
also received extensive immunosuppressive therapy be- 
cause of acute and chronic rejection and who were also 
CMV seropositive, antiviral therapy was instituted when 
signs of CMV pancreatitis were detected in order to pre- 
vent the development of intrapancreatic abscesses. The 
donor CMV serology in these cases was negative in two 
and positive in one. These eight cases are described below. 

Fig. 1. A Cii~r no. I. Histological 
section from the pancreas showing 
three well-preserved islets in an 
area adjacent to the abscess. Focal 
inflammation in a slightly fibrotic 
area is seen centrally at the lower 
end of the micrograph. H & E 
staining; x 110. B Case no. II. Non- 
specific abscess formation in the 
pancreas in continuity with a duct 
profile. Note the denuded duct epi- 
thelium with some reactive hyper- 
plasia at the lower right side of the 
micrograph. H & E staining; X 110 



Case reports 

Case no. I. A CMV seropositive 27-year-old female underwent com- 
bined pancreatic and renal transplantation. The CMV serology of 
the donor was not known (Table 1). The immunosuppressive ther- 
apy consisted of CyA, Pred and Aza. Two pancreatic graft rejection 
episodes were treatcd with steroids (solumedrone 0.5 g i.v. for 1 day 
followed by 0.25 g for 3 days) on days 12 and 23 post-tx, respectively, 
for fever and decreasing pancreatic juice amylase levels [l]. The pa- 
tient was discharged on day 29 with excellent blood glucose control, 
but was readmitted on day 39 because of an elevated fasting bfood 
glucose level (11.3 mmolll). The serum amylase level was normal 
and there were no abdominal symptoms or fever. Since acute rejec- 
tion was suspected, a third antirejection treatment with steroids was 
given. After 1 week fever developed (38.9"C), together with head- 
ache, chest pain and general malaise. There was no abdominal pain 
and the serum amylase levels (s-amylase) remained normal. Se- 
rology revealed a significant rise in the anti-CMV IgG titres (from 
ll5000 pretransplant to 1!25000), but attempts to isolate CMV from 
blood and urine werenegative. Intravenous foscarnet (Foscavir75O- 
900 mg twice daily) was given over a 14-day period. The temperature 
remained elevated (38.5OC) but the s-amylase levels decreased grad- 
ually to subnormal levels. Because of deteriorating pancreatic endo- 
crine function, exogenous insulin was administered. The immuno- 
suppressive therapy was tapered, but the patient'scondition did not 
improve. A transplantectomy was therefore performed on day 67 
and an intrapancreatic abscess was found in the middle of the pan- 
creatic tail. The abscess was strictly localized inside the pancreas and 
did not communicate with the surrounding structures or the perito- 
neal cavity. Viral cultures from the graft grew CMV. A histopatho- 
logical examination revealed the development non-specific abscess 
formation. In addition, fat necrosis and focal inflammation with 
lymphocytic predominance were present. Arterial profiles displayed 
vascular rejection with intimal fibrosis and slight inflammation. In 
some profiles fresh thrombi were observed. Throughout the pan- 
creas the parenchyma showed moderate interstitial fibrosis while 
the islets were well preserved (Fig. 1 A). Neither exocrine nor endo- 
crine cells showed any nuclear inclusion bodies. 

Caseno. If. A 44-year-old male who was CMVseropositive received 
pancreas and kidney grafts fromaCMVseropositivedonor (Tablc 1). 
The immunosuppressive treatment consisted of CyA, Pred and Aza. 
However. CyA was stopped on day 3 post-tx because of poor renal 
graft function and a 7-day course of ATG was given. CyA was re- 
instituted on day 14 post-tx and Aza was discontinued because of 
leucopenia on day 71. Two days post-tx, the pancreaticjuice amylase 
levels declined and a concomitant renal graft biopsy demonstrat- 
ed hemorrhagic infarction and acute vascular rcjection. A course of 
methylprednisolone was given. The pancreatic juice amylase in- 
creased. but the blood glucose levels remained high. Subsequently the 
endocrine pancreatic function improved, exogenous insulin treat- 
ment was stopped and the patient was discharged from hospital on 
day 26 with normal blood glucose levels. The patient was readmitted 
on day 46 because of fever and increasing blood glucose levels. Fos- 
carnet (1000 mg twice daily) was commenced because a CMV infec- 
tion was suspected. On day 60. the s-amylase increased, in the range 
10.0-22.1 pcat/l (normal range 2.6-5.2 pccatfl). A laparatomy per- 
formed on day 90 demonstrated multiple intrapancreatic abscesses, 
and the graft was removed. Viral cultures from the graft showed 
growth of CMV. In addition alpha-haemolytic streptococci and 
E. cofi were also isolated. Histological examination showed several 
abscesses of non-specific morphology, mostly located in the vicinity of 
the duct profiles (Fig. 1 B). The rest of the parenchyma was domi- 
nated by a mild interstitial fibrosis associated with mild inflammatory 
mixed infiltrate. No nuclear inclusion bodies wereobserved. Arterial 
profiles showed chronic vascular rejection with substantial fibrous 
thickening of the intima and. in some profiles, fresh thrombi. 

Case no. Iff. This 32-year-old male underwent a single pancreatic 
transplantation (Table 1). He was CMV seropositive, but the donor 
was seronegative. The immunosuppressive therapy consisted of 

CyA, Pred and Aza. in combination with ATG during the first 
4 days. A rejection episode was suspected on day 14 post-tx because 
of declining pancreaticjuice amylase levels, and methylprednisolone 
was administered. The patient was discharged on day 27. On day 30, 
a series of abnormal liver function tests (increased ALAT, ASAT 
and bilirubin levels) was noted which normalized over a period of 
3 weeks. During this period, there was also a significant rise in anti- 
CMV IgG titres. The patient was readmitted to hospital on day 83 
post-tx with fever (38.5"C), abdominal pain and diarrhoea. On ad- 
mission, the s-amylase was 9.9 pcatll and blood glucose was 
7.5 mmoVI. A laparatomy revealed no gross pathological changes in 
the graft, However, a biopsy was performed which showed signs of 
acute and chronic rejection, and a second course of methylpredniso- 
lone was given. The clinical condition improved, but s-amylase and . 
blood glucose levels remained elevated. The patient was discharged 
on day 90 but was readmitted on day 102 with fever, abdominal pain 
and hyperamylasaemia (15.4 pcatfl). A third course of methylpred- 
nisolone was given. However, 1 week later, fever and hyperamy- 
lasaemia recurred. A second laparotomy was performed on day 140 
post-tx. The graft contained an abscess with a wedge-shaped infarct, 
and it was removed. A histopathological examination revealed a 
1.5 cm abscess in the distal part of the pancreatic tail. The abscess 
was attached to the main pancreatic duct. Other parts of theparen- 
chyma showed severe focal fibrosis with only mild, mainly lympho- 
cytic, inflammation. No nuclear inclusion bodies were observed. The 
arterial profiles showed severe stenosis due to a fibrous intimal 
thickening typical of chronic vascular rejection. 

Case no. IV This 34-year-old male underwent combined pancreatic 
and renal transplantation (Table 1). H e  was CMV seropositive but 
the donor was seronegative. The initial immunosuppressive therapy 
consisted of CyA, Pred, Aza and an initial 1-week course of ATG. 
However, Aza was given only once because of a suspected allergic 
reaction with skin rashes and respiratory obstruction. A course of 
methylprednisolone was given on day 3 post-tx because of fever and 
deteriorating renal function. A second course of methylpredniso- 
lone was given on day 9. On day 11 post-tx, a laparotorny was pcr- 
formed bccause of abdominal pain, fever and rising s-amylase levels. 
Necrotic tissue was removed from the pancreatic gralt and continu- 
ous peritoneal dialysis treatment was commenced in order to rinse 
the peritoneal cavity. At a sccond laparotomy 2 days later, an intra- 
pancreatic abscess was found and thc graft was rcmoved. A histo- 
pathological examination showed thc development of a non-specific 
abscess. Inaddition, small scattered areas of fat necrosis were found. 
Nuclear inclusion bodies typical of CMV infection were not seen. No 
signs of vascular rejection were found, but in small arterial profiles. 
adjacent to the abscess and arcas of fat necrosis, fresh and organizing 
thrombi were seen. In general, the parenchyma and in particular 
the islets were well preserved. CMV serology from the day of pan- 
createctomy showed a significant CMV IgG-titre elevation (from 
1/1OooO to 1/100000), suggesting reactivation. 

Case no. c! A 35-year-old CMV seropositive female received a pan- 
creas from a CMV seronegative donor (Table 1). The immunosup- 
pressive treatment included CyA, Pred and Aza in combination with 
an 8-day course of ATG started on the day of transplantation. Six 
days post-tx, CMV antigen was detected in the pancreaticjuice by I F  
staining and later by virus isolation, but no antiviral treatment was 
given at that time. A course of methylprednisolone treatment was 
given on days 10-16 post-tx because of fever, abdominal discomfort, 
and the appearance of lymphoblasts in the pancreatic juice. On 
day 17, hyperamylasaemia and subfebrility developed and activated 
lymphoblasts appeared again in the pancreatic juice. A second 
course of methylprednisolone was given and the patient improved. 
CMV antigen was again identified in the pancreatic juice on day 31 
by IF. Because of this, 4 days of foscamet (850 mg twice daily) treat- 
ment was given and the patient was then discharged from hospital. 
On day 42, she was readmitted because of hyperamylasaemia and 
a third antirejection freatment was given. However, .hyperamy- 
lasaemia persisted, and a second course of foscarnet was there- 
fore given for 14 days (1650 mg/day which was increased to 
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Table 1. Patient and donor characteristics 

Case Grafts CMV status NO. of Signs of CMV infection Outcome 

I Pancreas and kidney Posi tivelunknown 3 Increasing IgG CMV titres; 
(recipientldonor) rejections 

CMV cultured born graft 
at transplantectomy 

graft at transplantectomy 
I1 Pancreas and kidney Positivelpositive 1 CMV cultured from the 

111 Pancreas Positivehegat ive 3 Increasing IgG CMV titres; 
CMV isolated from urine 

Intrapancreatic abscess 
day67; chronic vascular 
rejection 
Intrapancreatic abscess 
day 100; chronic vascular 
rejection 
Intrapancreatic abscess 
day 140;chronic vascular 
rejection 

1 v  Pancreas and kidney Posi tivelnegative 2 Increased IgG CMV titres 

V Pancreas Positivefnegative 3 Increased IgG CMV titres; 
CMV identified in pancreatic 
juice 

VI Pancreas and kidney Positivelpositive 1 CMV isolated from blood; 
increasing-IgG CMV titres 

VII Pancreas and kidney Positivelnegative 2 CMV identified in pancreatic 
juice and from 
pancreatic biopsy specimen 

VIII Pancreas Positivehegative 1 CMV identified in pancreatic 
iuice and isolated from blood 

Intrapancreatic abscess - 
day 13 
Chronic rejection 

Chronic rejection 

Still functioning 

Intrapancreatic abscess; 
still functioning. 

5000 mg/day). The cndocrine function was largely unaffected and 
the s-amylase lcvels normalized. During the treatment, the anti- 
CMV titros increased. Subscquently. a biopsy was performed be- 
cause of increasing s-amylase levcls. The biopsy showed no signs of 
intrapancrealic abscess formation or acute rejection, but the spe- 
cimcn showed scvcre librotic changcs. 

Criscrro. VI. A 42-year-old malc rcccived acombincd pancreatic and 
rcnal transplunl (Tablc I). Both the rccipient and thc donor wcrc 
CMV scropositive. The immunosuppression consistcd of CyA. Prcd, 
Aza and an %day coursc of ATG. On day 9 a rcjcction cpisodc was 
diagnoscd by pancrcatic juice cytology and finc-necdle aspiration 
biopsy of the kidney. and he was trcatcd with mcthylprcdnisolone 
for 6 days. The patient’s renal function improved and hc was dis- 
charged from hospital on day 26 with excellent graft function. He 
was readmitted on day 30 because of fever and hyperamylasaemia. 
CMV was isolated from the buffy coat and the anti-CMV IgG titrc 
had increascd. DHPG (350 mg twice daily) was given for 10 days, 
and the s-amylase levels returned to baseline levels. The pancreatic 
and renal grafts were lost 6 months post-tx due to chronic vascular 
rejection, but there were no signs of intrapancreatic abscess forma- 
tion. 

Cnse no. VII. This CMV seropositive 40-year-old male received 
pancreatic and renal allografts from a CMV seronegative donor 
(Table 1). The immunosuppressive therapy consisted of CyA, Pred 
and Aza. S-amylase levels remained moderately elevated for the 
first 14 days post-tx (peak level 18.4 pcat/l on day 8). Lymphoblasts 
were noted in the pancreatic juice on day 10 post-tx, and methyl- 
prednisolone therapy was instituted on day 12 because of increasing 
s-creatinine levels. The rejection episode did not respond to steroids. 
and a 7-day course of OKT-3 was started on day 16. CMV antigens 
were detected in the pancreatic juice by IFon day 23, and on day 26 
DHPG (140 mg three times daily) was commenced. A pancreatic 
biopsy on day 28 showed interstitial and vascular rejection, and a 
second antirejection treatment was given with steroids. In addition, 
CMV antigen was detected by IF in the sam.e specimen. The patient 
was treated with DHPG for a total of 27 days, and required no 
exogenous insulin 50 days after the transplantation. 

Case no. VIII. This 40-year-old male recipient of a pancreatic graft 
was also CMV seropositive prior to transplantation and received a 

graft from a CMV seronegative donor (Table 1). The indication for 
transplantation was defective counterregulation to hypoglycaemia. 
The immunosuppression consisted of Pred and Aza in combination 
with OKT-3 for the first 11 days. CyA was added on day 9 post-tx. 
The immediate postoperativc course was uneventful. However, the 
patient received antirejection treatment on day 11 post-tx because 
of the presence of lymphoblasts in the pancreatic juice. CMV 
antigen was identified in the pancreatic juice on day 22 post-tx, but 
no antiviral therapy was given. H e  was readmitted to hospital on 
day 67 because of nausea and vomiting, without abdominal pain or 
fever. The blood glucose and serum amylase levels were normal but 
CMV was isolated from the buffy coat. Because of increasing s- 
amylase levels he was readmitted to hospital on day 221 post-tx. A 
needle biopsy showed interstitial inflammation and interstitial 
fibrosis. A second antircjection treatment was given but the amy- 
lase levels remained elevated. On laparatomy. performed in order 
to obtain an open graft biopsy, the tail of the pancreas was found to 
contain an intrapancreatic abscess, which was then drained. The 
graft was left in situ and the abdomen was closed. The patient re- 
quires no exogenous insulin and the s-amylase levels are normal 
245 days after transplantation. 

Discussion 

In the present study, 8 of 124 recipients of pancreatic 
grafts developed signs of pancreatitis concomitant with 
ongoing CMV infections. In five patients strictly intra- 
pancreatic abscesses developed and four such grafts had 
to be removed. In three patients who received antiviral 
treatment at an early stage, i.e. within 10 days of evidence 
of CMV replication in the pancreas, the grafts were re- 
tained. There are several reasons why it seems likely that 
the intrapancreatic abscesses were a consequence of 
CMV pancreatitis, particularly when the patients were 
receiving massive immunosuppression. First, all the pa- 
tients showed evidence of ongoing, active CMV infection 
with increasing IgG titres, positive virus isolation from 
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the blood or pancreatic juice and/or growth of CMV from 
transplantectomy specimens or biopsies. Second, from 
the histological point of view, although no inclusion 
bodies were found, the absence of inclusion bodies does 
not exclude an ongoing or recent CMV infection [5] .  
Third, although all the patients were heavily immunosup- 
pressed, it seems unlikely that the abscesses were due 
solely to repeated acute rejection episodes and the 
ensuing antirejection treatment. Thus, in our series of 
124 pancreatic transplantations, of which the majority 
suffered at least one rejection episode and all received 
ATG as prophylaxis or as treatment for rejection, we saw 
intrapancreatic abscesses only in the patients with CMV 
disease described above. All of the patients were CMV 
seropositive prior to transplantation. In five cases where 
the donor serology was negative, a possible explanation 
of the CMV pancreatitis may be a de novo CMV infec- 
tion in the graft from the recipient. In the cases where 
both the donor and the recipient serologies were positive, 
an infection with a different CMV strain may have oc- 
curred in the graft. However, the combination of a CMV 
seropositive recipient and a seronegative donor does not 
in itself lead to CMV pancreatitis and intrapancreatic ab- 
scesses. Thus, our series includes seven additional CMV- 
positive patients who received pancreatic grafts from 
negative donors, none of whom developed intrapancre- 
atic abscesses. 

A similar case of large cystic duct structures within a re- 
jecting pancreatic graft was recently reported [15]. The 
patient had previously been treated for multiple episodes 
of rejection. No data on the CMV status in the patient or 
donor were given, but it is possible that these cystic struc- 
tures, later found to contain necrotic tissue, had the same 
aetiology as the abscesses observed by us. CMV pancre- 
atitis has also been reported by Margreiter et al. in four 
highly immunosuppressed patients after combined pan- 
creatic-renal transplantation [ 131. 

The explanation for the development of CMV pancre- 
atitis and intrapancreatic abscess may be twofold. In vitro 
studies show that CMV induces a depression of monocyte 
function. It has been suggested that this is due to CMV in- 
hibition of IL-1 production 121. However, more recent 
data suggest that the monocyte dysfunction (down-regu- 
lation of class I1 molecules and antigen presentation) is in- 
duced by another monokine [ll, 141. A local CMV infec- 
tion may thereby induce local impairment of the cellular 
immune response which increases the risk of secondary 
bacterial infections in the pancreas. Another explanation 
for the development of an abscess may be CMV-induced 
ischaemic damage of the pancreatic tissue. It has recently 
been shown that CMV can infect endothelial cells and 
cause tissue necrosis due to arteritis [9]. Thus, local virus 
replication in the intima of the pancreatic vessels may 
cause vascular damage and necrosis which predispose to 
secondary bacterial infections. The finding that six of the 
patients also had signs of chronic rejection is interesting 
since CMV infections have been shown to correlate with 
the occurrence of chronic graft-versus-host disease after 
bone marrow transplantation [12]. A correlation between 
atherosclerotic vascular changes and CMV infections in 
heart-transplant recipients has also been reported [6]. 

Unfortunately, the clinical symptoms of CMV pancre- 
atitis are similar to those of acute rejection, and many 
probably unnecessary antirejection treatments were 
given to these patients and contributed to the unfavour- 
able outcome. It seems, therefore, that the combination of 
extensive antirejection therapy and ‘CMV incompati- 
bility’ was responsible for the development of the ab- 
scesses. In the three patients treated with foscarnet or 
DHPG after rapid CMV antigen detection, the pancreatic 
grafts were not lost in the acute phase. The virostatic ef- 
fect of these two drugs in vivo necessitates their early in- 
troduction before extensive CMV replication causes irre- 
versible tissue damage [8]. This is exemplified by the three 
patients with acute pancreatitis and ongoing CMV infec- 
tions who did not develop abscesses or lose their grafts in 
the acute phase. 

This was a study with limited material and further pro- 
spective studies need to be done in order to evaluate the 
origin, cause, pathogenesis and treatment of CMV graft 
pancreatitis. However, CMV infection in combination 
with heavy immunosuppression and rejection seems to be 
of importance for the development of an intrapancreatic 
abscess. We suggest that aggressive antiviral therapy 
should be instituted on the basis of rapid CMV antigen or 
DNNRNA detection in the pancreatic juice when CMV 
pancreatitis is suspected, in order to prevent the develop- 
ment of intrapancreatic abscesses and resultant loss of the 
graft. 
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