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Background. Ganciclovir-resistant (ganR) cytomegalovirus (CMV) is an emerging and important problem in solid organ trans-
plant (SOT) recipients. Only through direct comparison of ganR- and ganciclovir-sensitive (ganS) CMV infection can risk factors
and outcomes attributable specifically to ganciclovir resistance appropriately be determined.

Methods. We performed a retrospective, case-control (1:3) study of SOT recipients with genotypically confirmed ganR-CMV
(n =37) and ganS-CMYV infection (n = 109), matched by donor/recipient CMV serostatus, year and organ transplanted, and clinical
manifestation. We used x* (categorical) and Mann-Whitney (continuous) tests to determine predisposing factors and morbidity
attributable to resistance, and Kaplan-Meier plots to analyze survival differences.

Results.  The rate of ganR-CMV was 1% (37/3467) overall and 4.1% (32/777) among CMV donor-positive, recipient-negative
patients, and was stable over the study period. GanR-CMV was associated with increased prior exposure to ganciclovir (median, 153
vs 91 days, P < .001). Eighteen percent (3/17) of lung transplant recipients with ganR-CMV had received <6 weeks of prior ganci-
clovir (current guideline-recommended resistance testing threshold), and all non-lung recipients had received >90 days (median,
160 [range, 90-284 days]) prior to diagnosis of ganR-CMV. GanR-CMV was associated with higher mortality (11% vs 1%, P = .004),
fewer days alive and nonhospitalized (73 vs 81, P = .039), and decreased renal function (42% vs 19%, P = .008) by 3 months after
diagnosis.

Conclusions. GanR-CMV is associated with longer prior antiviral duration and higher attributable morbidity and mortality than
ganS-CMV. Upcoming revised CMV guidelines should incorporate organ transplant-specific thresholds of prior drug exposure to
guide rational ganR-CMYV testing in SOT recipients. Improved strategies for prevention and treatment of ganR-CMYV are warranted.
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Ganciclovir-resistant (ganR) cytomegalovirus (CMV) infection
in solid organ transplant (SOT) recipients has been increasingly
reported, particularly with the use of more potent immunosup-
pression and increased durations of antiviral drug exposure. Prior
studies have reported that the incidence of ganR-CMYV is associ-
ated with type of organ transplanted, CMV serostatus of the recip-
ient and the donor, lower doses or longer duration of ganciclovir
prophylaxis, high CMV viral loads, and more intensive immuno-
suppression [1-8]. Additionally, ganciclovir resistance has been
associated with longer hospitalization and increased mortality
[5]. Important limitations of these studies have included small
patient numbers, limited information on clinical outcomes, and
cohort study designs that compared patients with ganR-CMV

Received 13 January 2017; editorial decision 4 March 2017; accepted 28 March 2017;
published online March 29, 2017.

Correspondence: A. P. Limaye, University of Washington, 1959 NE Pacific St, Box 356174,
Seattle, WA 98195-6175 (limaye@u.washington.edu).

Clinical Infectious Diseases® 2017;65(1):57-63

© The Author 2017. Published by Oxford University Press for the Infectious Diseases Society
of America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
DOI: 10.1093/cid/cix259

to all other patients (including those without CMV infection).
With these cohort study designs, the risk factors and outcomes
that have been reported to be associated with ganR-CMV could
not be directly attributed to ganciclovir resistance. Thus, a study
design that directly compares ganR-CMV and ganciclovir-sensi-
tive (ganS) CMYV is crucial to identify risk factors and outcomes
that can be specifically attributed to ganciclovir resistance.

Only 4 small prior studies included direct comparisons
of patients with ganR- to those with ganS-CMV. Young et al
focused on abdominal organ recipients and the association of
ganciclovir resistance with alemtuzumab use. The sample size
was small (10 patients with genotypically confirmed ganR-
CMV), and their findings were predominantly descriptive [9].
Timpone et al looked at ganR-CMV vs ganS-CMYV in intestinal
and multivisceral organ transplant recipients, but only had 4
genotypically confirmed ganR-CMYV cases and did not assess
ganciclovir duration as a potential risk factor for resistance [10].
Bhorade et al compared survival in 12 lung transplant recipients
with genotypically confirmed ganR-CMV to patients with ganS-
CMV and found increased mortality associated with ganR-
CMV [3]. Kruger et al also examined risk factors of ganR-CMV
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in 18 lung transplant recipients and 18 controls (14 controls
with CMV viremia); however, cases were not genotypically con-
firmed, and survival outcomes were compared between ganR-
CMYV and all other lung transplant recipients, not ganS-CMV
controls, precluding the ability to assess attributable impact of
resistance on mortality [8].

To address some of these important limitations of prior stud-
ies, we performed a large case-control study of genotypically
confirmed ganR-CMV cases matched to ganS-CMV controls to
examine risk factors and outcomes in SOT recipients that could
be specifically attributable to ganciclovir resistance. A better
understanding of risk factors and outcomes of ganR-CMV is an
important first step in developing better preventive and therapeu-
tic strategies. Additionally, better defining the incidence of these
infections and outcomes is important for the rational design of
future trials of preventive and treatment strategies for ganR-CMV.

METHODS

Cohorts

We retrospectively identified 37 adult patients transplanted
between 1993-2010 at the University of Washington Medical
Center who received a lung, heart, kidney, pancreas, or liver
transplant and had genotypically confirmed ganR-CMYV infec-
tion. Two independent data abstractors used standardized
data collection forms to identify the cases, and discrepancies
were resolved by primary review by an author (A. P. L.). We
matched the ganR-CMYV case patients approximately 1:3 to 109
adult transplant recipients who developed ganS-CMV infection
during the same time period. Patients were identified through
review of a prospectively maintained clinical database of SOT
recipients with CMV infection/disease as previously described
[11]. Patients were matched by CMV donor/recipient serostatus
(CMV donor positive, recipient negative [D'R]; donor nega-
tive, recipient negative [D"R]; and recipient positive [R']), type
of organ transplanted, year of transplant +3 years, and CMV
disease type (refractory viremia, CMV syndrome, tissue inva-
sive). CMV disease definitions were adapted from published
guidelines [12, 13]: Patients with compatible symptoms and
CMV demonstrated in biopsy specimens by either isolation
of CMV by culture or histopathology immunohistochemistry
were considered to have tissue-invasive disease. Patients with
symptoms and CMV viremia who did not meet tissue-invasive
criteria were considered to have CMV syndrome, and patients
with CMV viremia and no symptoms were considered to
have asymptomatic viremia. Patient demographics, transplant
details, and clinical and laboratory information were collected
from comprehensive electronic health records. This study was
approved by the University of Washington Institutional Review
Board. Some clinical details of some of the ganR-CMYV cases in
this article were included in previous studies from our institu-
tion [2, 4, 6, 14]; however, none of these studies systematically

addressed the attributable risk factors for, or impact of, ganR-
CMYV using a case-control study design.

Immunosuppression, Rejection Therapy, and CMV Prophylaxis

CMYV preventive strategies, immunosuppression regimens, and
rejection treatment varied based on organ transplanted and
time period, as described previously [11]. In brief, CMV proph-
ylaxis generally included either oral ganciclovir (1 g 3 times
daily) or valganciclovir (900 mg daily), both adjusted for renal
function as per manufacturer recommendations. Duration of
prophylaxis was generally 3 months for patients who were CMV
R" and 3-6 months for D'R™ patients. D"R™ recipients received
acyclovir prophylaxis at a dose of 400 mg twice daily for at least
3 months posttransplant.

CMV Diagnostic Testing

CMYV viremia was diagnosed by either detection of pp65 anti-
gen (earlier time period of study) or quantitative polymerase
chain reaction (PCR) in blood (more recent). Pp65 antigenemia
was assessed via a commercially available kit, and PCR testing
was done by a laboratory-developed real-time assay, as previ-
ously described [15].

Determination of CMV Resistance

Ganciclovir resistance testing was performed when clinically
suspected, as previously described [4, 16]. In brief, indica-
tions for resistance testing included failure to achieve 21 log
reduction in CMYV viral load despite >2 weeks of appropriate
ganciclovir or valganciclovir treatment, or failure to have a sig-
nificant improvement in clinical symptoms despite 2 weeks of
full-dose ganciclovir or valganciclovir therapy. CMV genotypic
resistance testing was performed using well-validated assays, as
described previously [17, 18], and interpretation of UL97 and
UL54 mutations conferring ganciclovir resistance was done as
previously published [19].

Statistical Analysis

We examined the association between different variables (eg,
age, sex, duration of ganciclovir/valganciclovir exposure) and
development of ganR-CMYV infection. We also assessed the out-
comes of ganR-CMV infection, compared with matched con-
trols with ganS-CMYV infection. The primary clinical outcome
was mortality (3 and 12 months following CMV diagnosis), and
secondary clinical endpoints included decrease in kidney func-
tion (defined as a >20% decrease in estimated glomerular filtra-
tion rate [eGFR] at 3 months after CMV diagnosis), number of
days alive and not hospitalized in the 3 months following CMV
diagnosis (“well days”), and acute allograft rejection in the first
year following CMV. The * and Fisher exact (categorical varia-
bles) and Mann-Whitney (continuous variables) tests were used
to compare ganR and ganS$ groups. The Kaplan-Meier method
was used to estimate survival, and the log-rank test was used to
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compare survival curves. P values <.05 were considered statis-
tically significant. All analyses were performed using Stata soft-
ware version 13.1 (StataCorp, College Station, Texas).

RESULTS

Study Population (Cases and Controls)
We identified 37 SOT recipients with genotypically confirmed
ganR-CMYV infection between 1993 and 2010, and 109 matched
SOT recipients with ganS-CMYV. Table 1 shows that the cases
and controls were appropriately matched on the selected varia-
bles: CMV serostatus, organ transplanted, CMV manifestation,
and year of transplantation. All ganR-CMYV cases had 1 or more
UL97 mutations and 2 cases had an additional UL54 mutation
known to confer phenotypic resistance to ganciclovir (Table 2).
The incidence of ganR-CMYV in all SOT recipients (regard-
less of serostatus) was 1.0% overall (37 cases among 3647 SOT
recipients during the study period) and 4.1% (32/777) in D'R”
patients. Among the D'R™ patients, the incidence of ganR-CMV
in lung, heart, kidney, pancreas, and liver recipients was 11.9%,
5.8%, 2.4%, 7.8%, and 0.4%, respectively. There were no sig-
nificant changes in the incidence of ganR-CMYV infection over
the study period: For the time periods 1993-1998, 1999-2004,
and 2005-2010 the incidence was1.1%, 1.0%, and 1.0% when
including all serostatuses, and 5.2%, 4.6%, and 3.3% in the D'R™
subset, respectively.

Factors Associated With Development of GanR-CMV Infection

We examined several patient and transplant variables as potential
risk factors for development of ganR-CMV vs ganS-CMYV infec-
tion (Table 3). Among 22 of 37 (59%) of the cases for whom data
was available, all developed ganR during their first viral episode.

Table 1. Details of the Matching of Cases and Controls®

GanR-CMV Cases GanS-CMV Controls

Characteristic (n =37), No. (%) (n =109), No. (%) PValue
CMV serostatus
D*/R™ 32 (86.5) 97 (89.0) .85
D7/R™ 3(8.1) 6 (5.5)
R* 2 (5.4) 6 (5.5)
Organ transplanted
Lung 17 (45.6) 52 (47.7) .95
Heart 6(16.2) 20 (18.4)
Kidney 6(16.2) 19 (17.4)
Pancreas 6 (16.2) 12 (11.0)
Liver 2 (5.4) 6 (5.5)
CMV manifestation
Refractory 7 (18.9) 22 (20.2) .99
viremia
Syndrome 11 (29.7) 32 (29.4)
Tissue-invasive 19 (51.4) 55 (50.5)

Abbreviations: CMV, cytomegalovirus; D, donor; ganR, ganciclovir resistant; ganS, ganci-
clovir sensitive; R, recipient.

“All controls were also matched to cases by year of transplant +3 years.

Table 2. Specific UL97 and UL54 Mutations in Patients With Ganciclovir-
Resistant Cytomegalovirus

Mutation No.?

UL97 mutations
L5955
L595F
L595W
AB94V
AB9AT
H520Q
M460V
M460I1
C603W
DEL600-1
DEL599-603

UL54 mutations
Fa12C® 1
P522S° 1

=

- = W W W s = 0 =N

“Total is 40 as some patients had 2 mutations.
SPatient only had a UL54 mutation (no UL97).
“Patient also had a UL97 mutation (L595S).

In all patients, we assessed cumulative receipt of any form of
ganciclovir (oral ganciclovir, intravenous ganciclovir, and val-
ganciclovir) prior to diagnosis and found that a longer total
duration was significantly associated with development of ganR-
CMV. The median exposure (range) in all ganR-CMV cases, in
the subset of lung transplant only, and in non-lung transplant
ganR-CMV cases is shown in (Table 4). Lung transplant recip-
ients received significantly less ganciclovir prior to ganR-CMV
diagnosis; additionally, 3 of 17 (17.6%) of lung transplant recip-
ients developed ganR-CMV prior to 6 weeks (after 30, 35, and
40 days) of ganciclovir exposure (the minimum recommended
duration of prior prophylactic drug exposure to warrant test-
ing for ganR in current CMV international guidelines) [16].
In contrast, none of the non-lung transplant recipients devel-
oped ganR-CMYV prior to 6 weeks of ganciclovir/valganciclovir
(earliest onset was after 90 days of drug exposure, followed by
124 days). The mean and median peak CMV viral loads were
also significantly higher in cases than controls (Table 3).

Treatment of GanR-CMV Infection

Treatment information was available for 35 of 37 (95%) ganR-
CMV patients, and 24 (69%) received foscarnet. Other treat-
ments included reduction in immunosuppression (as feasible),
conversion to mammalian target of rapamycin (mTOR) inhib-
itor-based immunosuppression, use of CMV hyperimmune
globulin, and/or higher than standard-dose intravenous
ganciclovir.

Outcomes of GanR-CMV Infection
We compared virologic parameters (time to virus clearance), mor-
bidity (number of days well and free from hospitalization, renal
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Table 3. Factors Associated With Development of Ganciclovir-Resistant
Cytomegalovirus

Cases Controls
Characteristic (n=37) (n =109) PValue
Median age at CMV 577 (473-62.4) 53.2 (38.1-62.8) .23
diagnosis (IQR)
Male sex 28 (75.7) 63 (57.8) .052
Race, white 35 (94.6) 102 (93.6) .82
Induction immunosuppression?
Yes 31 (86.1) 81 (86.2) .99
No 5(13.9) 13 (13.8)
Induction immunosuppression type
Antilymphocyte antibody 17 (564.8) 38 (46.9) .45
|2 receptor antagonist 14 (45.2) 43 (563.1)
Median days to CMV diagno- 196 (147-300) 143 (112-230)  .059
sis posttransplant (IQR)
Median ganciclovir exposure 153 (121-208) 91 (41-108)  <.001

prior to CMV diagnosis, d

(IQR)°

Mean peak viral load (SD), 266393 (768202) 56560 (130818) .037
U/mL®

Median peak viral load (IQR), 61250 8125 <.001
IU/mL® (30000-142500) (1913-37500)

Rejection within 3 months 8 (21.6) 26 (23.9) .78

prior to CMV diagnosis

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: CMV, cytomegalovirus; D, donor; I1-2, interleukin 2; IQR, interquartile range;
R, recipient; SD, standard deviation.

“Sixteen patients with unknown induction status.

PExposure of ganciclovir (oral or intravenous) and/or valganciclovir prior to diagnosis of
either ganciclovirsensitive or ganciclovirresistant CMV as applicable.

“Prior to ganciclovir resistance diagnosis in cases; information on this was found in 22 of
37 cases and 65 of 109 controls.

function, rejection), and mortality outcomes between those with
ganR-CMV vs ganS-CMV. Table 5 shows these outcomes, and
Figure 1 shows the Kaplan-Meier survival curves for mortality at
1 year. In cases, time to virus clearance refers to the ganR-CMV
episode, and in controls it refers to the first CMV episode. At the
end of last follow-up (median, 48 [interquartile range {IQR}, 23-78]
months for cases and 41 [IQR, 22-76] months for controls, P = .83),
14 (37.8%) patients with ganR-CMV and 26 (23.9%) patients with
ganS-CMV had died. The majority of deaths in the ganR-CMV
group (67%) occurred within 3 months, as compared to 11% in
the ganS-CMV group, demonstrating that the greatest risk of
death was proximate to the diagnosis of ganR-CMV, compatible

Table 4. Days of Ganciclovir/Valganciclovir Received Prior to
Development of Ganciclovir-Resistant Cytomegalovirus in Patients by Type
of Organ Transplanted

Days of Ganciclovir/Valganciclovir Received,

Organ Transplanted Median (Range)? PValue
All organs (n = 37) 153 (30-284)

Lung (n =17) 121 (30-269) .02
Non-lung (n = 20) 160 (90-284)

“Full range (not interquartile) used to show the earliest resistance development.

with attributable mortality. Patients with ganR-CMV had worse
outcomes in all criteria examined except acute allograft rejection
in the first year after diagnosis. While acute allograft rejection in
the first year was not significantly increased in the entire cohort of
SOT recipients with ganR-CMYV; an increased rate of acute allograft
rejection was observed in the subset of kidney recipients with ganR-
CMV (Table 5). We further analyzed the association between eGFR
decrease at 3 months and ganR-CMYV, and found that significantly
more patients with ganR-CMV had a >20% decrease of eGFR
(Table 5). This eGFR decrement was specifically associated with
receipt of foscarnet: 54.2% of ganR-CMV patients who received fos-
carnet had a 220% decrease in eGFR at 3 months compared with
19.4% in controls (P < .001), whereas ganR-CMYV patients who did
not receive foscarnet had similar rates of eGFR reduction to ganS-
CMV patients (20.0% vs 19.4%, P = .97).

We separately examined the subset of lung transplant recip-
ients, who accounted for the largest organ transplant subgroup
with ganR-CMV. Both the risk factors and outcomes were gen-
erally qualitatively similar to those of the combined group of
SOT recipients (Supplementary Tables 1 and 2), but differences
between some of the associated factors and outcomes between
the ganR- and ganS-CMYV groups no longer reached statistical
significance because of smaller numbers.

DISCUSSION

By utilizing a case-control study design, we determined the risk
factors and outcomes attributable to genotypically confirmed
ganciclovir resistance in a large cohort of SOT recipients. We
demonstrated that development of ganciclovir resistance was
significantly associated with receipt of longer prior duration
of ganciclovir. Furthermore, we demonstrated that ganciclovir
resistance is associated with significantly increased attributable
morbidity (decreased days free from hospitalization, higher
rate of renal dysfunction, and, in kidney transplant recipients,
increased rejection) and mortality.

We examined several potential contributors to ganR-CMV
development. CMV D'R” serostatus is a well-established risk
factor for ganR-CMV development [2-5, 7], and is reflected in
the high proportion of D'R™ patients in the ganR-CMV case
cohort, and the disproportionately high rate among D'R™ SOT
recipients in general. The rationale for matching cases and
controls for this variable was that D'R™ status is already well
established as a risk factor, and matching for this variable would
allow identification of other potentially modifiable factors that
might predispose to ganciclovir resistance. We found that a
longer duration of all forms of ganciclovir exposure was a sig-
nificant risk factor for ganR-CMV, confirming and extending
results found in previous smaller studies [1-6, 8]. If develop-
ment of ganR-CMV is a direct effect of a longer duration of
ganciclovir, effective CMV prevention strategies that minimize
drug exposure would be expected to lead to lower resistance
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Table 5. Comparison of Outcomes in Patients With Ganciclovir-Resistant
Versus Ganciclovir-Sensitive Cytomegalovirus

Cases Controls
Outcome (n=237) (n=109)  PValue
Morbidity measures
Days to clearance of viremia, median 113 (50-394) 53 (32-149) .006
(IQR)
>20% decrease in eGFR by 3 mo 15 (41.7) 21 (19.4) .008
after CMV diagnosis
Well days® in the 3 mo after CMV 72.7 (4.8) 81.0 (1.7) .039
diagnosis, mean (SE)
Rejection within 1y following CMV diagnosis
All organs 15 (40.5) 38 (34.9) .54
Kidney 4 (66.7) 2 (10.5) .005
Mortality
3 mo 4 (10.8) 1(0.92) .004°
12 mo 6 (16.2) 6 (5.5) .032

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: CMV, cytomegalovirus; eGFR, estimated glomerular filtration rate; 1QR,
interquartile range; SE, standard error.

#Alive and nonhospitalized.
PFisher exact test.

rates, at least among high-risk D'R™ patients. Alternatively, the
need for a longer duration to control CMV may be a surrogate
for inadequate CMV-specific immunity or other factors, and
these should be specifically assessed in future studies. We found
that an important proportion (3/17 [18%]) of lung transplant
recipients developed resistance after <6 weeks of prior drug
exposure. However, this finding was based on small numbers.
If confirmed in other studies, this would provide important
information about minimum prior drug exposure associated
with subsequent resistance development and has 2 important
implications. First, current CMV consensus guidelines recom-
mending resistance testing after a minimum of 6 weeks of drug
exposure may miss a significant proportion of ganR-CMV in

One Year Survival Following CMV Diagnosis
o
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Days After CMV Diagnosis
Figure 1. Kaplan-Meier curve of survival following cytomegalovirus (CMV) diag-

nosis in transplant recipients with ganciclovir-resistant (GanR) CMV and ganciclo-
vir-sensitive (GanS) CMV.

lung transplant patients. And second, future guidelines should
consider inclusion of organ transplant type-specific reccommen-
dations of minimal prior drug exposure (ie, lung vs non-lung
transplant recipients) that should lead to resistance testing in
patients who fail to have a clinical and/or virologic response to
appropriately dosed ganciclovir therapy.

Previous studies have reported an association of more potent
immunosuppression [4, 5, 7] or specific immunosuppressive
drugs, such as anti-thymocyte globulin (ATG) or daclizumab
[3, 8], with ganR-CMV. We did not find an association in this
study. One possible explanation is the high rate of induction
therapy in this cohort, thereby limiting our ability to assess this
as a risk factor. Alternatively, while more potent immunosup-
pression or induction immunosuppression might be risk factors
for CMV infection/disease in general, they might not necessar-
ily increase the risk for ganR-CMYV above and beyond the risk
for CMV in general.

An important unresolved issue has been whether ganciclo-
vir resistance is truly associated with attributable morbidity or
mortality above and beyond ganciclovir-susceptible CMV. Prior
studies that used non-case-control study designs or small case
numbers were limited in their ability to determine the attribut-
able impact of ganciclovir resistance on morbidity or mortality. In
the present study, through the use of a robust case-control study
design with adequate numbers of patients, we determined that
ganciclovir resistance was associated with significantly increased
attributable morbidity and mortality beyond that of ganS-CMV.
GanR-CMYV patients had increased mortality at both 3 months
(10.8% vs 0.92% in matched ganS-CMV controls) and 12 months
(16.2% vs 5.5%) after diagnosis. Increased mortality among cases
was most evident in the first 3 months, consistent with a direct
attributable effect of ganciclovir resistance on mortality. These
data suggest that future studies of new treatments for ganR-CMV
incorporate this important clinical endpoint into study designs.

GanR-CMV was also associated with increased morbidity
measures, including longer duration of hospitalization and
decreased renal function in the 3 months following ganR- or
ganS-CMYV diagnosis. A recent study by Avery et al examined
the outcomes associated with receipt of foscarnet specifically,
reporting a high (>50%) rate of renal toxicity associated with
this treatment [20], although this included both hematopoietic
cell transplant and SOT recipients. Similarly, in our study we
found that 54% of ganR-CMV patients who received foscarnet
had worsened renal function at 3 months. GanR-CMYV has also
been associated with graft dysfunction/rejection: Kruger et al
described an increase incidence of bronchiolitis obliterans syn-
drome in lung transplant recipients with ganR-CMYV, although
the comparison group was all lung transplant recipients [8]. In
our study, rejection in the first year following ganR-CMV diag-
nosis was not statistically significantly higher than ganS-CMV
when analyzing all organ recipients, but was significantly higher
in the subset of kidney transplant recipients.
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These data on attributable morbidity and mortality of ganci-
clovir resistance from our study provide important background
information and endpoints for the design of future studies of
novel treatments for ganR-CMV.

Our study has several strengths. It is the largest to date to our
knowledge, and the matched case-control study design allowed
us to analyze the risk factors and outcomes directly attributa-
ble to ganciclovir resistance. Only patients with genotypically
confirmed ganR-CMV were included. While other studies have
reported poor outcomes in ganR-CMV patients, these studies
have had small numbers of patients and, with the exception of
Bhorade et al, have mainly used descriptive statistics rather than
formal statistical comparisons of ganR- to ganS-CMV-infected
patients [3]. Our study also has potential weaknesses. Data on
indication for ganciclovir use (prophylaxis vs treatment) were
not collected, and so we were unable to directly examine this.
Additionally, as commercial assays for blood ganciclovir lev-
els were not widely available and were not performed during
clinical care for our patients, we were unable to collect details
on therapeutic vs subtherapeutic ganciclovir levels. Both of
these issues should be addressed in future studies. Due to the
relatively uncommon occurrence of ganR-CMYV infection, our
study was retrospective to maximize case numbers. Cases there-
fore spanned a long time period during which transplant prac-
tices have changed; however, this issue was addressed through
matching by year of transplantation, and we found that the
rates of ganR CMV did not change significantly over the study
period. We also did not include any intestine/multivisceral
transplant recipients, but this represents a very small number of
transplants worldwide. As a single-center study, caution should
be used when generalizing these results to other transplant
centers with differing immunosuppression or other transplant
practices.

In summary, using a case-control design, we identified longer
duration of antiviral use as a significant predisposing factor for
development of ganR-CMYV in SOT recipients. Furthermore,
we demonstrated that ganR-CMV has a significant attributable
negative clinical impact beyond ganciclovir-susceptible CMV
alone, and therefore merits improved prevention and treatment
strategies. These results identify patients at greatest risk for
developing ganR-CMYV, provide important background data for
the rational design of preventive approaches and interventional
trials of novel agents for treatment of ganR-CMYV, and impact
future CMV consensus guidelines. If other studies of ganR-re-
sistant CMV in lung vs non-lung transplant recipients confirm
our findings, then current CMV guidelines for ganciclovir
resistance testing should be revised into organ-specific recom-
mendations (ie, lung vs non-lung transplant recipients) and the
duration of prior drug exposure that should trigger resistance
testing revised accordingly. Better strategies to prevent and treat
ganR-CMYV have the potential to improve clinically meaningful
outcomes in SOT recipients.
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