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From May 1990 to March 1993, 38 patients (21 aduits
and 17 children) received 40 allografts that inciuded
the small bowel (14 isolated small bowel, 21 smalil
bowel and liver, and § multivisceral transplantations).
Fifteen patients (39%) had 26 episodes of CMV disease:
7 with one episode, 6 with two, and 1 each with three
and four. CMV enteritis accounted for 21 (81%) of the
episodes, hepatitis and pneumonitis for 2 each, and a
viral syndrome for 1. Cox’s proportionai hazards uni-
variate and muitivariate analyses showed that signif-
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icant first-episode risk factors were: CMV seropositive
donors for negative recipients (relative risk [RR], 3.886;
P=0.02), the average daily plasma trough level of ta-
crolimus (RR, 2.15; P=0.04), and total amount of ste-
roid boluses (RR, 2.90; P=0.02). CMV disease recur-
rence factors were: CMV seronegative recipients (RR,
8.60;: P=0.02) and total amount of steroid bolus pulses
(RR, 12.39; P=0.004). Because long courses of ganciclo-
vir prophylaxis could not prevent the development of
CMYV disease, avoidance of CMV seropositive grafts in
seronegative recipients and new strategies to prevent
heavy immunosuppression without the penaity of re-
jection will be necessary to ameliorate this problem in
intestinal transplant recipients.

Cytomegalovirus 1s the most common infectious comptica-
tion after organ transpiantation. occurnng in 60% to 70% of
kidney, liver, bone marrow, heart. and lung transpiant recip-
ients (I-4). While the prevalence and timing of CMV infec-
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nion are remarkablv similar for all the transplanted organs.
disease entrance 1s significantly different in the various
transplant populiations /-4), reflecting variable factors in
cach rather than the selective virulence of endemic CMV
strains.

In the last few vears. intestinal transplantation has be-
come a teasible therapeutic option for patients with short
bowel syndrome. Consequently. we have looked for host fac-
tors 1n our intestinal transplant recipients who have been
prone to infection generally (5. 6). and who have a particular
suscepubility to CMV of the allografts. We present here an
analysis of the incidence. timing, clinical outcome. and fac-
tors associated with CMV disease in the first 38 intestinal
transplant recipients at our institution.

MATERIALS AND METHODS

Patient population. i:mmunosuppressive treatment, and CMV pro-
nhvlaxis. From May 1990 to March 1993. 20 adults and 18 children
mean age 20=17 vears) received 40 intestinal allografts at our
institution. Fourteen underwent isolated smail bowel transpianta-
tions. 21 had smail bowel and liver transplantatons, and 5 had
ultivisceral transpiantations., The surgical procedure for each of
"hese transplantations has been descnibed previously (7). Immuno-
-uppressive therapy inciuded tacrolimus (FK506), steroiwds, and. in
-elected cases. low dose AZA (1-2 mykg/day). Tacrolimus was given
mitiallv as a continuous infusion at a dose of 0.15 mg/kg/day and
converted to an oral dose of 0.3 mg/kgday 1n divided doses, 1 to 2
weeks atter transplantation. when the patient became tolerant to
enterali feeding. The orai and intravenous routes were overlapped for
several davs at the transition. Trough plasma levels of tacroiimus
were monitored daily with a target therapeutic level between 1 and
3 nmi. In adult patients, methvlprednisoione was started intraop-
crattvelv with a 1-i bolus followed by a steroid taper trom 200 mg to
20 mg over 3 davs. and maintained at or weaned thereatter from the
dose of 20 mgzday. Children were given | ¢ ot hydrocortisone intra-
cperativelv, tollowed by methviprednisolone, which was tapered over
S davs trom 100 to 10 meydav. Prostagiandin E1 was started intra-
Sperativeiv at a dose ot 0.2-0.6 mgkgzhr and continued for 7 to 14
davs. Survelilanee endoscopy with muitiple mucosal biopsies was
sertormed once or twice per week for the tirst 3 months. and when-
Sver 1t was chnicativ indicated thereatter. The most severe acute
AL retections were treated either by augmentng tacrolimus ther-
ipy. |-« sterowd bolus of methylprednisoivne 1n adults (or hydrocor-
nsone 1n childreny, a 3-dav steroid burst, or a 5-day course of OKT3
mAb 5. However. not all patients required drastic treatment. and
the response to rejection was commensurate with 1ts seventy.
Thirteen patients 134'7) recetved prophvlaxis with ganaiclovir 10
mwkgdav tor 2 weeks. tollowed by acvclovir 3200 mg/day tadults) or
00 mu'm- 3 times a dav «children) for 6 months. [n 8 patients (21%),
zanciclovir prophviaxis was maintained for 3 months and followed by
mgh dose acvelovir unuii 6 months. Eleven children and 2 adults who
sore UMYV seronegative received only CMV-seronegative blood prod-
iets 10 aadition to their CMV-negative hiver.
CMVanrection: surveiilance cuitures and definution of CMV enter-
‘ts. Specimens tor ¢ MV cultures and seroiogy were obtained when-
~ver tection was suspected clinicailv. UMV cuitures were per-
‘rrmea bv the sheil vial assav and standard cuiture technique.
Seroioical tests tor CMV were performed bv a semiautomated im-
sunotluorescence F1AX) test in those pauents who were CMV se-
<onegauve. In 4 patients, 2 with and 2 without CMV infection.
'MV-DNA was monitored 1n blood butfv coats using the poivmerase
snain reaction (PCR)® technique.
Asvmptomatic UMV infection was defined by seroconversion or

* \bbreviauions: CI. contidence intervai: PCR. poiymerase chain
~saction: PTLD. posttranspiant lvmphoproiiferauve disorder: RR.
retative nak.
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positive culture without evidence of clinical symptoms. Symptomatic
infection included CMV viral syndrome and invasive CMV disease.
The diagnosis of CMV viral syndrome required laboratory documen-
tation of CMV infection along with fever >38°C for 2 or more days in
the absence of other causes. combined with any of the following
findings: atypical lvmphocytosis >3%. white blood cell count <4.000/
mm?, or platelets < 100,000/mm*. Invasive disease was defined as
tissue invasion with histopathologic confirmation and/or by isolation
of virus from a tissue specimen. CMV entenus was defined by either
detection of typical CMV inciusion bodies. unequivocal immunoper-
oxidase staining of the virus. and/or positive cuiture by either sheil
vial technique or standard culture. along with a mononuclear infil-
trate in intestinal biopsy. Recurrence of CMV disease was defined as
a new episode of disease after at least 1 month of negative histopa-
thology and/or virology.

Factors associated with CMV disease and recurrent disease. Thir-
teen clinical variables were analyzed in patients who did and did not
develop CMV disease: age, type of intestinal transplantation, donor
and recipient serological status, use of ganciciovir prophylaxis, use of
seronegative blood products. number of units of blood products trans-
fused (packed red cells, platelets. and fresh frozen plasma,. treat-
ment with OKT3, average blood level of tacrolimus per day, average
daily dose of maintenance steroids tadjusted to weight), AZA/kg/day,
and the total amount of steroid boluses given adjusted to weight.

Statistical analysis. Univanate and multivanate analysis of risk
factors for the first episode and recurrent CMV disease were done
using the Cox proportional hazards model. Pretransplant donor-
recipient serological status was analyzed as indicator vaniable using
negative donor/negative recipient as the reference category. The
likelihood ratio chi-square test was used to assess the risk of each
factor. Based on the resuits of these univanate analysis, a multiva-
nate analysis was performed. Variables were chosen to be included
in the muitivanate analyses if they had a P<0.25. The backward
elimination method was used as a vanabie selection technique using
the likelihood ratio chi-square test as means to assess each factor.
Variables were entered or exciuded from the model based on a
P-value for entry of 0.10 and a P-value tor exciusion of 0.15. Approx-
imate 95% confidence intervais (C]) were generated for each relative
risk (RR). The cumulative 1-year mortality was estimated using the
Kaplan-Maier method.

RESULTS

Incidence. timing, and treatment of CMV disease. Fifteen
patients (39%) developed 26 episodes of CMV disease (1.7
episodes per patient): 7 had 1 eptsode. 6 had 2, and 1 each
had 3 and 4. The first episode occurred at a median of 54 days
irange 21-274), the second at 116 davs (range 70-277), the
third at 173 days (159 and 186) and the fourth at 238 days
after transplantation. CMV ententis was the most frequent
type of disease accounting for 21 (81%) episodes. There were
also 2 episodes each of hepautis and pneumonitis, and 1 of
viral syndrome. Notably, CMV viremia was present in only
10 (48%) of the episodes of enteritis, despite apparent clini-
cal, histopathologic, and/or virologic signs of infection in the
intestinal allograft. Of the 4 patients studied with PCR, 2
remained CMV negative throughout and without any other
diagnostic critena of CMV infection. The other 2 developed
CMV ententis. but in one. viremia couid not be detected
contemporaneously with PCR tesung.

Table 1 shows the donorrrecipient CMV serologic status,
incidence, and number of episodes ot CMV disease in the 40
intestinal transplantations. None of the 16 seronegauve re-
cipients who received seronegative grafts deveioped CMV
disease. Only one of these patients seroconverted asymptom-
atically 316 days after transpiantauon. [n contrast. the inci-
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TABLE 1. Donorirecipient CMV seroiogical status and number of
episodes of CMV disease

DR tn:;l:f;\u CMV disease Episodes
—i= 16 0 0
-+ 8 4 (50%) 5
~i+ 4 2 (50%) 3
~/= 12 9(75%) 18
Total 40° 15 (38%) 26

* Two paulents had two intestinal transpiantations.

dence of CMV disease among CMV-seropositive recipients
was 50%, regardless of whether the donor's serologic status
was negative (4/8) or positive (2/4). Two (17%) of these 12
seropositive recipients had CMV disease recurrence after
their first postoperative bout of disease.

Nine (75%) of the high risk group of 12 seronegative recip-
ients who received seropositive gratts developed 18 episodes
of CMV disease. Their 9 primary infections and 9 recurrences
accounted for 69% of the 26 disease episodes in the study,
with an overwhelming incidence of intestinal graft involve-
ment. Of the 3 exceptional patients who escaped this compli-
cation, 2 died after 23 and 49 posttransplantation days, and
the third was diagnosed of asymptomatic infection 103 days
after transpiantation.

When CMYV disease was diagnosed. the first episode was
treated with ganciclovir 10 mg/kg/day for 21 days. The second
episode was treated with either ganciclovir 10 mg/kg/day or
foscarnet 180 mg/kg/day for 1 month. Recurrence after the
second episode was treated with either ganciclovir 10 mg/kg/
day or foscarnet 180 mg/kg/day for 3 months and a mainte-
nance dose of 5 mg/kg/day of ganciclovir or 90-120 mg/kg/day
of foscarnet thereafter. All dosages of ganciclovir and foscar-
net were adjusted for renal function. Four patients developed
CMV disease recurrence during maintenance ganciclovir
therapy and were converted to foscarnet. When 2 of them
recurred during maintenance Foscarnet, induction doses of
ganciclovir and CMV-specific hypenmmmunglobulin (100 mg/
kgrweek) were added to the foscarnet therapy, despite which
1 of the pauients developed a new recurrence duning the triple
therapy. This last patient was then given induction doses of
ganciclovir and foscarnet for 3 months, followed by mainte-
nance doses of both antivirals. No further episodes occurred
duning the subsequent 4 months.

Twenty-six (68%) of the 38 patients survived >1 year. Of
the 12 deaths, 7 were among the 15 patients (47%) in whom
CMYV disease developed, occurring 253 =131 days after trans-
plantation. However, evidence of active CMV disease at
death and/or autopsy was present in only | pauent. Five pa-
tients (22%) who did not deveiop CMV disease died at 105141
days atter transplantation (Fig. 1). Using the Kaplan-Meier
analysis, l-year survival did not show a statistical difference
between the two groups (P=0.3). The pnnapal causes of death
were technucai complications (n=3), infectious complications
(n=5), rejection (n=2), and dissemunated posttranspiant lym-
phoproiiferanve disorders (PTLD) (n=2).

CMV vus. rejection or lymphoproiiferative disease. A mean
4 episodes of histopathologic acute allogratt rejection oc-
curred per patuent. Beyond the 3 posttranspiant months, 73%
of patienta who deveioped CMV disease expenenced rejection
of intestinai grafts. In contrast, the incidence was 39% in
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FIGURE 1. One-year patient survival in intestinal transplant recip-
ients 1n whom CMYV disease did and did not develop.

those patients who did not develop CMV disease. Four pa-
tients (11%) developed PTLD at 243+141 days after trans-
plantation. Two of these patients experienced CMV disease
before the development of PTLD.

Factors associated with the first episode and recurrence of
CMYV disease. Variables found with univariate analysis to be
significantly associated with the development of a first epi-
sode of CMV disease included: donor seropositive/recipient
seronegative status, isolated small bowel transpiantation,
the average level per day of tacrolimus, the average dose of
maintenance steroids per day adjusted to patients weight,
and the amount of pulse steroids adjusted to weight (Table
2). Multivanate analysis (Table 2) showed that significant
risk factors for the first episode of CMV disease were donor
seropositive/recipient seronegative status (RR, 3.86; 95% CI,
1.21-12.36: P=0.02), the average level of tacrolimus per day
(RR, 2.15; 35% CI. 1.02-4.52; P=0.04). and the amount of
steroids given as pulses (RR, 2.90: 95% CI, 1.16-7.29;
P=0.02). Factors associated with recurrence of CMV disease
were the donor seropesitive/recipient seronegative status
(RR, 8.60: 95% CI, 1.46-50.53; P=0.02) and the amount of
steroids given as pulses (RR, 12.39; 95% CI, 1.16-131.83;
P=0.004).

DISCUSSION

The hazard of CMV infection in recipients of whole organs
and bone marrow has been noted almost from the beginning
of successful clinical use of these procedures (9). Realization
that the donor organ 1s a frequent inoculation source (10) as
well as a vulnerable posttranspiantation target, and recog-
nition that CMV disease frequency 1s associated with the
intensity of immunosuppression are common to all kinds of
allograft recipients. The infectious syndromes resemble those
found in patients wath inhented (1I) or virus-induced ac-
quired immune deficiency disorders (/2).

The strong association between the deveiopment and/or
recurrence of CMV disease and the amount of both tacroti-
mus and steroid puises was expected. Both drugs inhibit
cell-mediated responses, through blockade of cytokine ex-
pression (13, [4), impeding the main host mechanism against
CMYV infections (15). Humoral immunity, which also is im-
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TaBLE 2. Univanate and muitivanate analysis of risk factors for the first episode of CMV disease

Univanate Muitivanate
Vanable CMV disease No disease Relative 95% CI P Relative 95% CI P
nsk nsk
Age? 31(2-30) 10 10.5-58) 1.02 0.99-1.06) 0.14
Seronegauve blood’ 5(33%) 13 (57%) 0.57 (0.20-1.68) 0.31
D*/R™"< 9 (60%) 3(13%) 5.89  12.00-17.27) 0.001 3.86 11.21-12.36)  0.02
Isolated smail bowel Tx? 9(60%) 5(22%) 0.33  (0.12-0.94) 0.04
Ganaiclovir prophylaxis® 8 (53%) 14 (61%) 0.70 10.25-1.94) 0.49
FFP? 410-53) 5 (0100 1.00  10.98-1.03) 0.95
PLT" 6 (0-196) 8 (0-129) 1.00  1099-101) 0.78
PRC® 23 (4-65) 26 (7-128) 099  097-1.02) 0.46
Tacroiimus? 2.47(1.234.01) 1.67(0.58—4.36) 3.63 (1.95-6.76)  0.0001 2.15 11.02-4.52) 0.04
Steroid bolus* 0.77(0.11-2.72)  0.34(0.08-1.43) 1.45 12.13-9.29)  0.0001 2.90 1.16-7.29) 0.02
Steroid maintenance® 0.54(0.16-2.33)  0.31(0.07-1.82) 2.95 (1.16-7.51) 0.02
AZA® 8 (53%) 12 (54%) 0.84  (0.30-2.33) 0.73
OKT3® 0 4 (18%)
* Median and range.
" Number of patients and percentage.
“ D*/R". donor positive/reciptent negative.
TABLE 3. Risk factors associated with recurrent CMV disease
Univaniate Multivanate
Vanable
Relative nsk 95% Cl P Relative nsk 95% CI P
Age 1.08 (1.03-1.14) 0.003
Seronegative blood 0.13 (0.02-1.05) 0.06
D*/R™" 15.21 (3.09-74.95) 0.0008 8.60 (1.46-50.53) 0.02
[solated small bowel Tx 0.13 10.27-0.63) 0.01
Tacroiimus 4.65 11.70-12.68) 0.003
Steroid bolus 18.68 13.55-98.26) 0.0008 12.39 11.16-131.83) 0.004

'D°/R". donor positive/recipient nezative.

portant in protection from progressive infection of the immu-
nocompromised host (16), is suppressed by high dose steroid
therapy, which decreases serum immunoglobulin levels with
a4 delaved maximal effect 2-4 weeks after treatment (I7).
(rastrointestinal lesions that contain cytomegalic cells have
heen reported 1n association with sterowd therapy (I8, 19),
prompting severai authors to propose that steroid-associated
peptic ulcer disease may be, in fact. a CMV disease (20, 21).

While the types of CMV infections 1n our intestinal recip-
ients have been similar to those receiving other organs, the
eprdemiologic pattern has been distinguished by a high inci-
dence of infection and recurrence rates in the bowei allogratt
itself. 2 50% incidence of CMV disease in patients who were
seropositive before transplantation, less than 50% incidence
of viremia, and relative intractibility ot the disease. Although
the 26 episodes ot CMV disease 1n 15 patients did not signif-
icantly degrade l-vear patient survival in comparnison to
CMV-free patients, there was an increased trend to mortality
as weil as very difficult management problems.

The possibility that the gastrointestinal tract has a partic-
ular tropism for the virus has been suggested by the 30-50%
incidence of CMV-positive cultures in ostensibly normal gas-
troduodenal biopsy of kidney and liver recipients (22-24),
and i1n patients with acquired immune deficiency syndrome
in whom the gastrointestinal tract and retina are the most
common targets of CMV infection (12, 25). Although it has
been shown recenuy that endothelial ceils are a common
target tor CMV infection (26, 27), gastrointestinai epitheiial
cells can also harbor the virus 125, 28) and could be a cause of

relapse. The presence in the intestine of large numbers of
donor lymphocytes, monocytes, and poivmorphonuciear leu-
kocytes (29) could make the intestine a prime target for CMV
infection because most of these leukocvtes presumably con-
tain latent virus (30). Added to this milieu. ischemic 1njury to
the mucosa during preservation and the occurrence of rejec-
tion 1n the vast majonity of cases (8) could make the intestinal
graft an ideal sanctuary for the virus. which particularly
infects inflamed or regenerating tissues (31, 32) without nec-
essarily being retlected in viremia.

[t was not possible to rule out in these patients that the
unusual CMV protile herein reported was caused by ganci-
clovir- or foscarnet-resistant CMV strains (33). This was due
to the difficulty in isolating the virus when the patients were
receiving antiviral therapy (34). Although sporadic spot
checks in other kinds of organ recipients failed to demon-
strate antiviral drug resistance, this 13 something that needs
to be considered, particularly in those patients who receive
anuwviral therapy for iong penods of time.

Insight into the spectacular ability of organs from CMV
carriers to infect recipients, or, conversely, of an infected
recipient to infect a graft. has come from recent discovery of
the ubiquitous migration of donor -“passenger” leukocytes
that begins within a few minutes after graft revasculanza-
tion (35-38). The infectious potential of these long-surviving
chimeric cells is obvious, and presumably related to the rei-
atuve cell dose sprayed into recipient tissues from different
transplanted organs procured from carners of CMV (and
presumably some other viruses). Because a long course of



1014

currently available prophylaxis cannot prevent life-threaten-
ing CMV disease in the unusuailv vuinerable CMV-negative
intestinal recipient. avoidance of CMV-seropositive gratts
has overriding importance. Approaches to prevent long-term.
heavy immunosuppression are a possible future alternative.
One such initiative may be to augment the spontaneous cell
migration by administering CMV-negative donor bone mar-
row before surgery. Although this strategy would have been
considered heretical until recently, it has proved to be safe
and effective wath all other organs. inciuding the leukocyte-
rich liver (38).
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