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Background: The aim of this study was to explore potential risk factors for
cytomegalovirus (CMV) reactivation and their impact on liver failure patient outcomes.

Methods: A 10-year retrospective case–control study was conducted in adult
participants, who were diagnosed with liver failure and had undergone CMV DNA tests.
CMV reactivation cases were matched with controls at a 2:1 ratio based on age, sex, and
year of admission. Univariate and multivariate analyses were used to explore risk factors
for CMV reactivation.

Results: Between January 2011 and April 2020, 198 adult patients with liver failure and
available CMV DNA test results were enrolled into the study. Among them, 33 patients had
detectable CMV DNA in their plasma (16.7%). Clinical manifestations and liver function
were comparable between the CMV reactivation and non-reactivation groups. However,
CMV reactivation may triple mortality in patients with liver failure. We found that nearly 50%
of patients in the CMV-positive group received glucocorticoids, compared to 13.6% in the
CMV-negative group (P=0.000). The median total glucocorticoid dose included 836.5 mg
of methylprednisolone (IQR 308.7-1259.0 mg) in the CMV-positive group, which was
significantly higher than that in the CMV-negative group. A multivariate analysis revealed
that glucocorticoid use significantly increased the risk of CMV reactivation (adjusted OR,
4.84; 95% CI, 1.61–14.49; P=0.005). Patients with CMV reactivation tended to be
associated with higher white cell counts (adjusted OR, 1.21; 95%CI, 1.08–1.36; P=0.002).

Conclusions: High intravenous glucocorticoid doses may be the most important risk
factor for CMV reactivation in liver failure.
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HIGHLIGHTS

CMV reactivation was associated with mortality in liver failure
and high glucocorticoid doses intravenously seemed to be the
most important risk factor for CMV reactivation in liver failure.
Thus, monitoring CMV DNA dynamically may be considered
when using glucocorticoid.
INTRODUCTION

The Cytomegalovirus (CMV) is a common b-herpesvirus that
establishes lifelong latency following primary infection. After
initial infection, CMV persists within the body. The CMV
seroprevalence rate in healthy adults reportedly ranges from
40% to 100%, whereas the number in the Chinese population is
nearly 100% (Cannon et al., 2010; Marsico and Kimberlin, 2017).
Typically, immunity against the virus controls its replication,
although intermittent viral shedding can continue to occur in a
seropositive immunocompetent person (Gandhi and Khanna,
2004). However, in immunocompromised populations, CMV
has become one of the most important opportunistic pathogens,
such as in patients undergoing organ transplantation or
hematopoietic stem cell transplantation (HSCT), who have the
highest risk of developing CMV-associated complications (Singh
et al., 2020). CMV diseases exist in a wide spectrum, ranging from
asymptomatic viremia to severe systemic and gastrointestinal tract
disease, which has been regarded as a major cause of morbidity
and mortality in immunocompromised populations (von Muller
et al., 2007; Berman and Belmont, 2017).

Systemic inflammation is a key feature of liver failure, and
poor disease outcome is closely associated with exacerbated
systemic inflammatory responses (Clària et al., 2016). Similar
to sepsis, a cytokine storm can occur in liver failure, especially in
acute-on-chronic liver failure (ACLF). Owing to associated
immune disorders, coinfections with other typical and
opportunistic pathogens may be common and related to liver
failure prognosis. Previous studies indicated that CMV might be
reactivated in patients with cirrhosis, thereby inducing fulminant
hepatic failure (Arai et al., 2009; Hsu et al., 2014; Rosi et al.,
2015). While numerous studies have reported CMV in patients
undergoing organ transplantation or HSCT, few studies are
available regarding CMV infection in patients with liver failure
(Cho et al., 2019). A retrospective study conducted in China
analyzed the risk factors for both CMV and Epstein-Barr virus
infection and their influence on the liver function of patients
with ACLF-based hepatitis B virus, indicating that 5% (5/98) of
the patients presented with CMV DNA (Hu et al., 2018).
However, the study was conducted on a small scale, and the
influence of prognosis on CMV infection was not confirmed.
Currently, the full spectrum of CMV disease, risk factors for
reactivation, and long-term clinical implications are not well
understood in patients with liver failure. An improved
understanding of CMV reactivation in patients with liver
failure is important to elucidate the role of virologic
surveillance, prophylaxis, and antiviral therapy.
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The aim of this study was to describe a 10-year retrospection of
patients with liver failure and CMV reactivation and to explore
potential risk factors for CMV reactivation and impact on outcome.
MATERIALS AND METHODS

Study Design and Participants
This retrospective case–control study was conducted in adult
participants in the Department of Infectious Diseases at
Huashan Hospital affiliated to Fudan University in China. To
explore the reactivation of latent cytomegalovirus infection in
patients with liver failure, we retrospectively evaluated participants
who were diagnosed with liver failure and had undergone CMV
DNA tests between January 2011 and April 2020. Consecutive
hospitalized patients with liver failure were identified using the
relevant International Classification of Diseases codes. Patients
were only included if all the following criteria were met: (1) age
between 18 and 80 years; (2) patients with an underlying liver
failure diagnosis either at admission or during hospitalization;
(3) patients with test results for CMV viral load. Patients were
excluded if any of the following criteria were met: (1) transplant
recipients; (2) CMV antibody IgG-negative; (3) CMV antibody
IgM-positive; (4) missing key data for evaluation of disease
severity and liver failure diagnosis; (5) died or discharged within
24 hours after admission; (6) patients with no follow-up records. A
detailed flowchart for patient selection is presented in Figure 1.

Reactivation of latent CMV infection was defined as positive
CMV DNA detected during hospitalization, with a previous
positive CMV IgG result. Diagnostic criteria for liver failure were
based on the Asian Pacific Association for the Study of the Liver
criteria, thatwas International normalized ratio higher than 1.5 and
total bilirubinhigher than5 timesupper limits ofnormal (Shiv et al.,
2019). Each patient was considered only once for demographic
variables, evaluation of liver failure, and calculation of survival.
Since nopatient’s privacy datawas showed, informed consent is not
required. The study received ethical approval from the Institutional
ReviewBoardofHuashanHospital affiliatedwithFudanUniversity.

Data Collection and Glucocorticoid Treatment
Clinical and laboratory data were obtained frommedical records.
Symptoms were recorded at the time of CMV diagnosis.
Laboratory results were obtained from the day of CMV
reactivation. When data were not available for the same day,
laboratory values within 3 days were used. Model for end‐stage
liver disease (MELD) scores were then calculated.

Treatment history was col lected and the use of
immunosuppressant was of particular concern. Glucocorticoid
treatment history was obtained, including drug, dose, and timing
of administration prior to and during index admission.
Glucocorticoids used three months prior to diagnosis were
considered according to the methods described by a previous
study (Gardiner et al., 2019). Glucocorticoid doses were
converted to methylprednisolone equivalents, and average daily
doses were calculated to allow for easier comparison between
patients. Glucocorticoid regimens were also categorized as
May 2021 | Volume 11 | Article 642500
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maintenance (long-term lower dose regimens typically comprising
methylprednisolone dosage of 4–8 mg/day) or taper (shorter,
higher intensity courses weaned down over a period of days
to weeks).

Control Selection and Follow‐Up
Cases were identified based on positive results for CMV viral
load and an underlying diagnosis of liver failure. Patients with
liver failure, but without evidence of CMV reactivation, were
matched at a 2:1 ratio as control cases. Potential controls were
matched to cases based on age (within 8 years) and year of
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
admission (as close as possible, but no more than 1 year before or
after). Identical exclusion criteria were used for control cases;
patients known to be CMV IgG antibody-negative were also
excluded. All suitable study participants were subjected to
follow-up for at least two months.

CMV DNA Test
CMV DNA viral load testing was performed using standard
techniques. DNA was isolated from peripheral venous blood
(3 mL), and CMV qPCR was performed using the CMV DNA
Real Time PCR Kit (DA AN Gene Co., Ltd, Guangdong, CN)
FIGURE 1 | Flow diagram of patients included in the study. Potential controls were matched to cases based on age (within 8 years) and year of admission (as close
as possible, but no more than 1 year before or after).
May 2021 | Volume 11 | Article 642500
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and the 7500 Real-Time PCR System (Bio-Rad). The limit of
detection by qPCR was 500 copies/mL.

Statistical Analysis
Categorical data were summarized as proportions and compared
using the Chi-squared test or the Fisher’s exact test, as
appropriate. Continuous variables were summarized as median
and interquartile range (IQR), because their distributions were
non-parametric, and compared using the Mann-Whitney U test.
Univariate and multivariate analysis were used to explore risk
factors for CMV reactivation. The Kaplan-Meier method was
used to estimate survival probability, and the log-rank test was
used to compare differences. Statistical analysis was performed
using the statistical software GraphPad Prism (version 8.0;
GraphPad Software, Inc.) and SPSS (version 23.0; IBM Corp,
Chicago, IL, USA). All P values were two-sided, and values below
0.05 were considered statistically significant.
RESULTS

Clinical Characteristics of Liver
Failure Patients With and Without
CMV Reactivation
Between January 2011 and April 2020, 209 adult patients with
liver failure had CMVDNA test results. However, eleven patients
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 4
were excluded (one with CMV antibody IgG-negative, two aged
above 80 years of age, four died or discharged within 24 hours
after admission, two with missing key data for liver failure
diagnosis, and two with missing medical history or no follow-
up), and the remaining one hundred ninety-eight patients were
enrolled into the study (Figure 1). Among them, 33 patients had
detectable CMV DNA in the plasma (16.7%), and they were
included in the CMV-positive group.

he demographic and clinical characteristics of 198 patients
with and without CMV reactivation are summarized in Table 1.
In the CMV-positive group, the proportion of male was higher
than that of the CMV-negative group (80.0% vs 60.6%, P=0.016).
The proportion of patients in the CMV-positive group with an
acute disease course was significantly higher than that in the
CMV-negative group (42.4% vs 19.4%, P=0.007). One hundred
thirty-six (82.4%) patients in the CMV-negative group presented
with liver failure caused by hepatotropic virus infection,
compared to 45.5% of the patients in the CMV-positive
group (P=0.000).

Following the described 2:1 ratio, 66 control patients were
matched based on age and year of admission. Various
concomitant diseases included underlying conditions, such as
diabetes, hypertension, tumor, connective tissue diseases, and
hematological diseases, but there were no significant differences
between two groups. Among 99 liver failure patients with or
without CMV reactivation, there were no significant differences in
liver failure manifestations, such as fever, fatigue, nausea, vomit,
TABLE 1 | Demographic and clinical characteristics of 198 patients in liver failure with and without CMV reactivation.

Characteristic Total (n=198) CMV-Positive (n=33) CMV-Negative (n=165) P value

Age, median (IQR), y 49.5(37.0-60.0) 51.0(35.5-63.5) 49.0(37.5-59.5) 0.462
Male sex, n (%) 152(76.8) 20(60.6) 132(80.0) 0.016
Course of liver failure, n (%)
Acute 46(23.2) 14(42.4) 32(19.4) 0.007
Acute on chronic 138(69.7) 17(51.5) 121(73.3) 0.021
Chronic 14(7.1) 2(6.1) 12(7.3) 0.999
Causes of liver failure, n (%)
HAV/HBV/HCV/HEV 151(76.3) 15(45.5) 136(82.4) 0.000
Drug-induced 18(9.1) 5(15.2) 13(7.9) 0.190
Autoimmune 10(5.1) 5(15.2) 5(3.0) 0.013
Alcohol-induced 3(1.5) 3(9.1) 0 –

Wilson disease 12(6.1) 2(6.1) 10(6.1) 0.999
Other causes 4(2.0) 3(9.1) 1(0.6) –

Underlying diseases, n (%)*
Diabetes 11/166(6.6) 2(6.1) 9/133(6.8) 0.884
Hypertension 18/166(10.8) 4(12.1) 14/133(10.5) 0.792
Tumor 6/166(3.6) 2(6.1) 4/133(3.0) 0.400
Connective tissue diseases 3/166(1.8) 2(6.1) 1/133(0.8) –

Hematological Diseases 10/166(6.0) 4(12.1) 6/133(4.5) 0.100
Co-infections 80(40.4) 19(57.6) 61(42.4) 0.033
Glucocorticoid use, n (%)
Any glucocorticoids 63(31.8) 16(48.5) 47(28.5) 0.024
Total dose, median (IQR), mg 208.0(101.3-618.0) 836.5(308.7-1259.0) 160.0(80.0-353.0) 0.000

Taper glucocorticoids 28(14.1) 14(42.4) 14(8.9) 0.000
Maintenance glucocorticoids 14(7.1) 5(15.2) 9(5.5) 0.062
Any IV glucocorticoids 49(24.7) 14(42.4) 35(21.2) 0.010
Total dose, median (IQR), mg 384.0(107.8-996.3) 675.8(161.2-1110.0) 90.0(23.1-301.0) 0.020
May 2021 | Volume 11 | Article
Data are presented as No. (%), or median (interquartile range, IQR). HAV, Hepatitis A Virus; HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; HEV, Hepatitis E Virus. IV, Intravenous.
*Thirty-two cases of the CMV negative group lacked a history of comorbidities so the data of this part contained a total of 166 patients. Bold values indicated that P values were significantly
different between two groups.
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abdominal distension, jaundice, liver palms, spider nevus, ascites,
lymphadenopathy, hepatomegaly, liver cirrhosis, splenomegaly,
and hepatic encephalopathy (Supplementary Table 1).

Laboratory Results for Diagnosis of
CMV Reactivation
A comparison of laboratory findings in 99 liver failure patients
with or without CMV reactivation is shown in Table 2. The
serum albumin level in the CMV-positive group was significantly
lower than that in the CMV-negative group (30 g/L vs 32.5 g/L,
P=0.039). Interestingly, the median white cell count in the CMV-
positive group was significantly higher than that in the CMV-
negative group (10.1×109 cells/L vs 6.0×109 cells/L, P=0.001). In
case of the lymphocyte subsets, the percentage of CD8+ T
lymphocytes in the CMV-positive group was significantly
higher than that in the CMV-negative group, and the absolute
counts were relatively higher. On the contrary, the percentage of
B lymphocytes and the absolute B lymphocyte count in the
CMV-positive group were significantly lower than those in the
CMV-negative group (P=0.018, P=0.036). There was no
significant difference in other laboratory tests, including
transaminases, coagulation function, hemoglobin, platelets,
erythrocyte sedimentation rate (ESR), C-reactive protein,
procalcitonin, ferritin, and lactic acid levels, between patients
with and without CMV reactivation. The median MELD scores
were almost equal between the two groups.
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
Impact of CMV Reactivation on the Fatal
Outcome of Patients With Liver Failure
Overall mortality was 25.3% in the entire study at 60‐day from
admission, which was significantly higher in the CMV-positive
group compared to that in the CMV-negative group (39.4% vs
18.2%, P=0.028). As shown in Figure 2, the survival probability
between two groups was significantly different, with nearly three
times higher results in CMV-negative group compared to that in
the CMV-positive group (HR=2.990, 95%Cl 1.256-7.116). We
further explored the risk factors that contributed to fatal
outcome in these patients and found that age, International
TABLE 2 | Laboratory findings at diagnosis of CMV reactivation of 99 patients.

Variables Total (n=99) CMV-Positive (n=33) CMV-Negative (n=66) P value

Alanine aminotransferase (ALT), IU/L 143.0(69.0-408.0) 114.0(56.0-289.5) 152(69.8-534.5) 0.221
Aspartate aminotransferase (AST), IU/L 144.0(75.0-304.0) 146.0(81.5-282.5) 137.5(70.3-391.5) 0.953
Alkaline phosphatase (ALP), IU/L 144.0(111.0-186.0) 145.0(106.5-188.5) 145.0(115.8-183.0) 0.950
Glutamyl transpeptidase (GGT), IU/L 83.0(52.0-141.0) 108.0(57.0-186.0) 75.0(51.8-129.0) 0.158
Total bilirubin, mg/dL 297.5(203.5-423.7) 330.9(256.4-488.7) 284.7(176.9-399.7) 0.091
Serum albumin, g/dL 32.0(29.0-35.0) 30.0(27.0-34.0) 32.5(29.0-36.0) 0.039
Serum globulin, g/dL 29.0(22.8-35.3) 25.0(22.0-34.5) 29.0(23.0-35.5) 0.389
International normalized ratio 1.88(1.6-2.2) 1.9(1.6-2.2) 1.9(1.7-2.3) 0.427
Prothrombin time, s 21.1(17.9-25.3) 20.2(17.4-23.2) 21.6(17.9-25.6) 0.280
Serum Creatinine, m mol/L 64.0(50.0-85.0) 62.0(48.5-98.5) 65.5(49.8-78.3) 0.944
White cell counts, ×109 cells/L 7.1(4.7-10.3) 10.1(6.5-13.6) 6.0(4.5-8.7) 0.001
Hemoglobin, g/L 115.5(92.8-126.3) 105.0(90.0-124.0) 118.0(98.0-131.0) 0.091
Platelet counts, ×109 cells/L 85.5(56.0-138.0) 80.0(44.5-145.5) 92.0(67.0-132.5) 0.441
CD4+ T lymphocytes, % 39.5(30.0-44.9) 37.0(29.4-44.0) 40.0(30.5-45.9) 0.454
CD8+ T lymphocytes, % 30.0(22.8-39.4) 35.0(23.7-45.8) 28.6(21.2-35.4) 0.037
CD4+/CD8+ T lymphocytes 1.3(0.9-2.0) 1.2(0.7-1.8) 1.3(0.9-2.0) 0.091
B lymphocytes, % 12.0(8.5-19.8) 9.4(4.8-13.5) 14.4(9.4-20.6) 0.018
NK cell, % 8.8(4.8-15.6) 7.9(2.0-15.5) 8.9(5.8-16.0) 0.172
Absolute CD4+ T lymphocyte count,/mL 298.4(167.8-426.0) 234.5(159.4-431.7) 312.3(169.4-424.2) 0.626
Absolute CD8+ T lymphocyte count,/mL 217.5(135.0-390.9) 220.5(140.9-541.4) 214.5(125.2-384.7) 0.536
Absolute B lymphocyte count,/mL 85.5(50.1-165.1) 70.3(26.6-141.6) 91.6(59.3-182.8) 0.036
Absolute NK cell count,/mL 70.7(26.5-159.8) 46.1(13.5-149.3) 80.2(37.5-161.4) 0.166
ESR, mm/h 4.0(2.0-18.8) 3.5(2.0-22.5) 4.0(2.0-18.8) 0.904
CRP, mg/L 11.9(6.6-23.9) 12.5(6.8-37.7) 10.4(6.3-21.7) 0.296
PCT, ng/mL 0.7(0.4-1.3) 0.7(0.4-1.9) 0.8(0.5-1.2) 0.652
Ferritin, ng/mL 1881.0(8944-2000) 2000.0(576-2000) 1695.0(1049-2000) 0.858
Lactic acid, mmol/L 1.7(1.2-2.7) 2.1(1.3-3.7) 1.7(1.1-2.6) 0.454
MELD scores 21.6(18.6-25.0) 21.7(17.4-26.7) 21.7(19.1-25.0) 0.678
May 2021 | Volume 11 | Article
Data are presented as median (interquartile range, IQR). ESR, Erythrocyte sedimentation rate; CRP, C reactive protein; PCT, procalcitonin; MELD, Model for end‐stage liver disease.
Bold values indicated that P values were significantly different between two groups.
FIGURE 2 | The survival probability of the liver failure patients with or without
CMV reactivation at 60-day.
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normalized ratio, Prothrombin time, White cell counts and
MELD scores were factors in fatal outcome, but Glucocorticoid
use was not (Supplementary Table 2). Several typical factors
were selected for a logistic regression analysis and a multivariate
analysis showed that CMV reactivation was significantly
associated with fatal outcome (adjusted OR, 5.33; 95% CI,
1.61–17.68; P=0.006), as showed in Table 3.

Glucocorticoid Regimens in Liver
Failure Patients With and Without
CMV Reactivation
There were 25 (25.3%) patients who reported usage of
glucocorticoids of any type within 3 months prior to the CMV
DNA test. The proportion of patients receiving glucocorticoids
in the CMV-positive group was nearly 50%, compared to 13.6%
in the CMV-negative group (P=0.000). The median total dose of
glucocorticoids during the 3 months preceding CMV
reactivation date comprised a total methylprednisolone dosage
of 836.5 mg (IQR 308.7-1259.0 mg) in the CMV-positive group,
which was significantly higher than that in the CMV-negative
group (total methylprednisolone dosage of 280 mg, P=0.004).
Specifically, 14 (42.4%) patients received a tapering course
during the preceding 3 months in the CMV-positive group,
which was markedly higher than that in the CMV-negative
group (P=0.000). The proportions and dosages of intravenous
glucocorticoid use in the CMV-positive group were higher than
those in the CMV-negative group. However, the proportion of
patients on maintenance glucocorticoid therapy in the two
groups was not significantly different, as shown in Table 1,
Supplementary Table 3.

Risk Factors for CMV Reactivation in
Liver Failure
To identify independent predictive factors for CMV reactivation
in liver failure patients, we selected several typical factors for a
logistic regression analysis (Table 4). A multivariate analysis
revealed that liver failure caused by hepatitis virus was
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
significantly associated with CMV reactivation (adjusted OR,
0.31; 95% CI, 0.11–0.88; P=0.027). Additionally, glucocorticoid
use significantly increased the risk of CMV reactivation (adjusted
OR, 4.84; 95% CI, 1.61–14.49; P=0.005). Patients with CMV
reactivation tended to be associated with higher white cell
counts, compared to patients without reactivation (adjusted
OR, 1.21; 95% CI, 1.08–1.36; P=0.002). These results suggest
that patients with liver failure caused by hepatitis virus may be
less predisposed to CMV reactivation; however, use of
glucocorticoids may be a risk factor. Thus, when white cell
counts are elevated, CMV reactivation needs to be considered.
DISCUSSION

While CMV reactivation is a known major cause of morbidity
and mortality in transplant recipients, its role as a pathogen in
patients with transplant-free liver failure is not well understood.
In this study, we showed that CMV reactivation occurred at a
high rate (16.7%) in patients with liver failure. Clinical
manifestations and liver functions were comparable between
the CMV reactivation and non-reactivation groups, resulting in
neglected virologic surveillance. However, CMV reactivation
may triple mortality in patients with liver failure, thereby
demonstrating its important effect on prognosis. Similar to
findings of previous studies in other populations, such as
patients with rheumatic diseases, we found that the use of
high glucocorticoid doses, especially those administered
intravenously, might lead to CMV reactivation (Gardiner et al.,
2019; Li et al., 2019). To the best of our knowledge, this is the first
report to investigate the risk factors of CMV reactivation and
their effect on prognosis in patients with transplant-free liver
failure. Our study supports the role of CMV virologic
surveillance in liver failure.

CMV reactivation has been recognized as a cause of poor
prognosis in other patient populations, such as those with
hematological malignancies, HSCT, HIV infection, and
TABLE 3 | Multivariate analysis: adjusted OR for risk of fatal outcome in liver failure patients.

Fatal outcome Benign outcome Univariate analysis Multivariate analysis

Variables (n=25) (n=74) OR (95%Cl) P value OR (95%Cl) P value
Age 64(53-66) 49(36-60) / 0.000 1.11(1.05-1.18) 0.000
CMV reactivation 13(52.0) 20(27.0) 2.93(1.16-7.47) 0.000 5.33(1.61-17.68) 0.006
International normalized ratio 2.1(1.7-3.3) 1.9(1.6-2.1) / 0.001 3.79(1.49-9.67) 0.005
MELD scores 24.0(20.7-32.9) 21.3(18.5-24.0) / 0.018 1.00(0.92-1.09) 0.967
May 20
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Data are presented as No. (%), or median (interquartile range, IQR). MELD, Model for end‐stage liver disease. Bold values indicated that P values were significantly different between
two groups.
TABLE 4 | Multivariate analysis: adjusted OR for risk of CMV reactivation in liver failure patients.

CMV-Positive CMV-Negative Univariate analysis Multivariate analysis

Variables (n=33) (n=66) OR (95%Cl) P value OR (95%Cl) P value
Cause by HAV/HBV/HCV/HEV 15(45.5) 52(78.8) 0.22(0.09-0.56) 0.001 0.31(0.11-0.88) 0.027
Any glucocorticoids used 16(48.5) 9(13.6) 5.96(2.24-15.88) 0.000 4.84(1.61-14.49) 0.005
White cell counts, ×109 cells/L 10.1(6.5-13.6) 6.0(4.5-8.7) / 0.001 1.21(1.08-1.36) 0.002
HAV, Hepatitis A Virus; HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; HEV, Hepatitis E Virus. Bold values indicated that P values were significantly different between two groups.
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rheumatic diseases (Strippoli et al., 2006; Fujimoto et al., 2013;
Hardie et al., 2013). Furthermore, CMV reactivation was an
independent predictor of pneumocystis pneumonia in solid
organ transplant recipients, in association with a poor
prognosis (Hosseini-Moghaddam et al., 2018). However, the
risk factors and outcomes of CMV reactivation in liver failure
patients remain to be extensively investigated. Previous study
indicated that CMV coinfection was a possible risk factor for the
progression of liver fibrosis (Ibrahim et al., 2017). A cytokine
storm may be induced, leading to the development of sepsis in
patients with liver failure, who are susceptible for opportunistic
pathogens such as CMV (Sarin and Choudhury, 2018). In the
present study, CMV reactivation occurred in liver failure patients
at a high rate of more than 15%, which was higher than that
reported in a previous study in China (Hu et al., 2018). The
higher rate may be due to the fact that the previous study focused
on liver failure caused by Hepatitis B virus, while our study
included liver failure with multiple underlying causes. We
indicated that liver failure caused by hepatotropic virus
infection, such as Hepatitis B, seemed to be less prone to CMV
reactivation, compared to other causes. Actually, compared to
the patients with liver failure caused by drug-induced or
autoimmune, who may receive glucocorticoids, the patients
with liver failure caused by hepatitis virus showed lower
proportion with CMV reactivation. Noteworthy, both clinical
manifestations and liver function were not evidently different
between the CMV reactivation and non-reactivation groups,
which resulted in neglected CMV detection. In our
retrospective study, CMV DNA tests results were unavailable
in one third of all patients. It was unclear whether the low
numbers of CMV-positive patients were due to the rarity of this
combination of events, or because of under-diagnosis owing to
the lack of testing in this population.

Immunosuppression is a widely recognized risk factor for
CMV reactivation (Tong et al., 2013). Consistent with the
published literature, the use of high doses of glucocorticoids
was found to contribute to CMV reactivation in liver failure
patients (Choo et al., 2019). Furthering previous studies, we
explored the effects of different glucocorticoid doses and forms
on CMV reactivation. We found that the dosage of
glucocorticoids in the CMV-positive group was significantly
higher than that in the CMV-negative group. It seemed that
the use of intravenous glucocorticoids was more likely to
reactivate CMV, while oral glucocorticoid intake with a low
dose maintenance had no effect on CMV reactivation (Gardiner
et al., 2019). In the present study, CMV reactivation was less
frequent in patients with hepatotropic virus infection, which
might be associated with lower use of glucocorticoids in liver
failure caused by viral hepatitis. Furthermore, a novel finding of
the current study is the association of higher white blood cell
counts with CMV reactivation in liver failure patients, but such
an association may be secondary to a higher dose of
glucocorticoids or coinfection with bacteria in CMV
reactivation patients. As shown in Table 1, the co-infection
rate in the CMV-positive group was significantly higher than
that in the CMV-negative group (57.6% vs 42.4%, P=0.033),
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 7
which confirmed that immunosuppression would lead to co-
infections with opportunistic pathogens. CMV reactivation
through NF-kB mediated activation has been found to be
linked to co-infection by pathogens through the inflammation,
DNA damage and oxidative stress notably (Hummel and
Abecassis, 2002; Liu et al., 2016). By inhibiting the NF-kB
signaling pathway, co-infection following CMV reactivation
will be alleviated (Chen et al., 2018).

The composition of lymphocyte subsets can reflect the
immune status of an individual to some extent. In the present
study, we explored the changes in lymphocyte subsets in the
study population and found that the percentage of CD8+ T
lymphocytes in the CMV-positive group was significantly higher
than that in the CMV-negative group, and that the absolute
counts were relatively higher. The results were plausible, because
CD8+ T cells play a major role in the control of CMV viremia
(Attaf et al., 2020). A previous study showed that patients with
low B cell counts before HSCT might be at a risk of developing
infections (Gernert et al., 2020). Sepsis non-survivors exhibited
reduced B cell numbers at the onset of sepsis, compared to sepsis
survivors (Krautz et al., 2018). In concordance, comparison of
CMV reactivation patients with non-reactivation patients
showed significant differences in B cell percentages and B cell
numbers in our study. The percentages of B lymphocytes and B
cell numbers in the CMV-positive group were significantly lower
than those in the CMV-negative group. This result suggested that
low B cell counts were associated with a higher possibility of
CMV reactivation, which necessitates careful monitoring of
patients with low B cell numbers.

There were several limitations in this study. First, this was a
single-center, retrospective study with statistical power limited
by the sample size. Despite extending our search over a 10-year
study period, we could only identify 33 patients with liver failure
and proven CMV reactivation for comparison. A further
prospective multicenter study with a larger sample size is
required for validation. Second, although we enrolled patients
who were CMV IgG antibody-positive and demonstrated
detectable CMV DNA as CMV reactivation cases, we could
not ascertain reactivation in all cases, apart from confirmation
of primary disease, because we could have missed the time
window when IgG status remained negative for primary
disease. However, given the known high seroprevalence rate of
CMV, particularly amongst older adults, we assumed that most
patients were likely to be CMV seropositive from childhood.1

Third, we only performed qualitative detection of CMV DNA;
hence, we could not analyze the relationship between CMVDNA
load and severity of prognosis. PCR methodology will be
improved, and we will address this issue in our future studies.
Finally, quantification of glucocorticoid use was difficult, as
steroid regimens could be complex and often change with
varied responses of patients to therapy. However, after
examination of glucocorticoid usage in multiple ways, it was
evident that CMV reactivation cases had received significantly
higher amounts compared to those received by controls.

In conclusion, we found that CMV reactivation was
associated with mortality in liver failure. High glucocorticoid
May 2021 | Volume 11 | Article 642500
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doses intravenously seemed to be the most important risk factor
for CMV reactivation in liver failure. Thus, monitoring CMV
DNA dynamical ly may be considered when us ing
glucocorticoids in patients with liver failure. Once CMV DNA
is identified, early intervention by therapeutic antivirals may
improve liver failure prognosis.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Institutional Review Board of Huashan Hospital
affiliated with Fudan University. Since no patient’s privacy data
was showed, informed consent was not required.
AUTHOR CONTRIBUTIONS

Conception or design of the work (QY, LS, and JZ). Execution of
CMV DNA viral load testing (YC and AL). Statistical analysis
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 8
and interpretation of data (QY, ZZ, XY, and BZ). Drafting the
manuscript (QY, ZZ, and XY). Accountability for all aspects of
the work and final approval of the version to be submitted (LS,
JZ, and WZ). All authors contributed to the article and approved
the submitted version.
FUNDING

This work was supported by research grants from the
Natural Science Foundation of Shanghai, China (grant
number 19ZR1407800) and the Key Laboratory Project of
Shanghai Science and Technology Commission [grant
numbers 20dz2210400].
ACKNOWLEDGMENTS

The study investigators and coordinators acknowledge all study
participants for their cooperation and participation.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fcimb.2021.
642500/full#supplementary-material
REFERENCES

Arai, M., Imazeki, F., Yonemitsu, Y., Kanda, T., Fujiwara, K., Fukai, K., et al.
(2009). Opportunistic Infection in the Patients With Acute Liver Failure: A
Report of Three Cases With One Fatality. Clin. J. Gastroenterol. 2, 420–424.
doi: 10.1007/s12328-009-0108-6

Attaf, M., Roider, J., Malik, A., Rius Rafael, C., Dolton, G., Predergast, A., et al.
(2020). Cytomegalovirus-Mediated T Cell Receptor Repertoire Perturbation is
Present in Early Life. Front. Immunol. 11, 1587. doi: 10.3389/
fimmu.2020.01587

Berman, N., and Belmont, H. (2017). Disseminated Cytomegalovirus Infection
Complicating Active Treatment of Systemic Lupus Erythematosus: An
Emerging Problem. Lupus 26, 431–434. doi: 10.1177/0961203316671817

Cannon, M., Schmid, D., and Hyde, T. (2010). Review of Cytomegalovirus
Seroprevalence and Demographic Characteristics Associated With Infection.
Rev. Med. Virol. 20, 202–213. doi: 10.1002/rmv.655

Chen, X., Zhou, S., and Li, H. (2018). Evodiamine Alleviates Severe Pneumonia
Induced by Methicillin-Susceptible Staphylococcus Aureus Following
Cytomegalovirus Reactivation Through Suppressing NF-kb and Mapks. Int.
J. Mol. Med. 42, 3247–3255. doi: 10.3892/ijmm.2018.3929

Cho, S. Y., Lee, D. G., and Kim, H. J. (2019). Cytomegalovirus Infections After
Hematopoietic Stem Cell Transplantation: Current Status and Future
Immunotherapy. Int. J. Mol. Sci. 20. doi: 10.3390/ijms20112666

Choo, H., Cher, W., Kwan, Y., and Fong, W. (2019). Risk Factors for
Cytomegalovirus Disease in Systemic Lupus Erythematosus (SLE): A
Systematic Review. Adv. Rheumatol. 59, 12–19. doi: 10.1186/s42358-019-
0055-y

Clària, J., Arroyo, V., and Moreau, R. (2016). The Acute-on-Chronic Liver Failure
Syndrome, or When the Innate Immune System Goes Astray. J. Immunol. 197,
3755–3761. doi: 10.4049/jimmunol.1600818

Fujimoto, D., Matsushima, A., Nagao, M., Takakura, S., and Ichiyama, S. (2013).
Risk Factors Associated With Elevated Blood Cytomegalovirus pp65 Antigen
Levels in Patients With Autoimmune Diseases. Modern Rheumatol. 23, 345–
350. doi: 10.3109/s10165-012-0651-8

Gandhi, M. K., and Khanna, R. (2004). Human Cytomegalovirus: Clinical Aspects,
Immune Regulation, and Emerging Treatments. Lancet Infect. Dis. 4, 725–738.
doi: 10.1016/S1473-3099(04)01202-2

Gardiner, B. J., Haas, E. M., Bailey, R. C., Chow, J. K., and Snydman, D. R. (2019).
Reactivation of Latent Cytomegalovirus Infection in Patients With
Rheumatologic Disease: A Case–Control Study. Rheumatol. Int. 39, 1229–
1240. doi: 10.1007/s00296-019-04324-6

Gernert, M., Tony, H. P., Schwaneck, E. C., Frohlich, M., and Schmalzing, M.
(2020). Low B Cell Counts as Risk Factor for Infectious Complications in
Systemic Sclerosis After Autologous Hematopoietic Stem Cell Transplantation.
Arthritis Res. Ther. 22, 183. doi: 10.1186/s13075-020-02255-3

Hardie, D., Korsman, S., and Hsiao, N. (2013). Cytomegalovirus Load in Whole
Blood is More Reliable for Predicting and Assessing CMV Disease Than pp65
Antigenaemia. J. virological Methods 193, 166–168. doi: 10.1016/
j.jviromet.2013.06.019

Hosseini-Moghaddam, M. S. S. M., Singh, G., Dufresne, S. F., Boucher, A.,
Jevnikar, A., Prasad, G. V. R., et al. (2018). A Multi-Center Case-Control
Study of the Effect Ofute Rejection and Cytomegalovirus Infection on
Pneumocystis Pneumonia (PCP) in Solid Organ Transplant Recipients. Clin.
Infect. Dis. 68, 1320–1326. doi: 10.1093/cid/ciy682

Hsu, J., Tsai, C., and Tseng, K. (2014). Fulminant Hepatic Failure and Acute Renal
Failure as Manifestations of Concurrent Q Fever and Cytomegalovirus
Infection: A Case Report. BMC Infect. Dis. 14, 651. doi: 10.1186/s12879-014-
0651-8

Hummel, M., and Abecassis, M. (2002). A Model for Reactivation of CMV From
Latency. J. Clin. Virol. Off. Publ. Pan Am. Soc. Clin. Virol., S123–S136. doi:
10.1016/S1386-6532(02)00088-4

Hu, J., Zhao, H., Lou, D., Gao, H., Yang, M., Zhang, X., et al. (2018). Human
Cytomegalovirus and Epstein-Barr Virus Infections, Risk Factors, and Their
Influence on the Liver Function of Patients With Acute-on-Chronic Liver
Failure. BMC Infect. Dis. 18, 577. doi: 10.1186/s12879-018-3488-8
May 2021 | Volume 11 | Article 642500

https://www.frontiersin.org/articles/10.3389/fcimb.2021.642500/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2021.642500/full#supplementary-material
https://doi.org/10.1007/s12328-009-0108-6
https://doi.org/10.3389/fimmu.2020.01587
https://doi.org/10.3389/fimmu.2020.01587
https://doi.org/10.1177/0961203316671817
https://doi.org/10.1002/rmv.655
https://doi.org/10.3892/ijmm.2018.3929
https://doi.org/10.3390/ijms20112666
https://doi.org/10.1186/s42358-019-0055-y
https://doi.org/10.1186/s42358-019-0055-y
https://doi.org/10.4049/jimmunol.1600818
https://doi.org/10.3109/s10165-012-0651-8
https://doi.org/10.1016/S1473-3099(04)01202-2
https://doi.org/10.1007/s00296-019-04324-6
https://doi.org/10.1186/s13075-020-02255-3
https://doi.org/10.1016/j.jviromet.2013.06.019
https://doi.org/10.1016/j.jviromet.2013.06.019
https://doi.org/10.1093/cid/ciy682
https://doi.org/10.1186/s12879-014-0651-8
https://doi.org/10.1186/s12879-014-0651-8
https://doi.org/10.1016/S1386-6532(02)00088-4
https://doi.org/10.1186/s12879-018-3488-8
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Yang et al. CMV Reactivation in Liver Failure
Ibrahim, M. K., Khedr, A., Bader El Din, N. G., Khairy, A., and El Awady, M. K.
(2017). Increased Incidence of Cytomegalovirus Coinfection in HCV-infected
Patients With Late Liver Fibrosis is Associated With Dysregulation of JAK-
STAT Pathway. Sci. Rep. 7, 10364. doi: 10.1038/s41598-017-10604-7

Krautz, C., Maier, S., Brunner, M., Langheinrich, M., Giamarellos-Bourboulis, E.,
Gogos, C., et al. (2018). Reduced Circulating B Cells and Plasma IgM Levels are
Associated With Decreased Survival in Sepsis - A Meta-Analysis. J. Crit. Care
45, 71–75. doi: 10.1016/j.jcrc.2018.01.013

Li, Y., Ren, L., Liu, X., Zhao, X., Hu, F., and Li, Z. (2019). Pulse Corticosteroids in
Treatment of Rheumatic Disease Concomitant With Cytomegalovirus
Infection. Int. J. rheumatic Dis. 22, 583–591. doi: 10.1111/1756-185X.13467

Liu, X. F., Jie, C., Zhang, Z., Yan, S., Wang, J. J., Wang, X., et al. (2016). Transplant-
Induced Reactivation of Murine Cytomegalovirus Immediate Early Gene
Expression is Associated With Recruitment of NF-kb and AP-1 to the Major
Immediate Early Promoter. J. Gen. Virol. 97, 941–954. doi: 10.1099/jgv.0.000407

Marsico, C., and Kimberlin, D. (2017). Congenital Cytomegalovirus Infection:
Advances and Challenges in Diagnosis, Prevention and Treatment. Ital. J.
Pediatr. 43, 38. doi: 10.1186/s13052-017-0358-8

Rosi, S., Poretto, V., Cavallin, M., Angeli, P., Amodio, P., Sattin, A., et al. (2015).
Hepatic Decompensation in the Absence of Obvious Precipitants: The
Potential Role of Cytomegalovirus Infection/Reactivation. BMJ Open
gastroenterol 2, e000050. doi: 10.1136/bmjgast-2015-000050

Sarin, S., and Choudhury, A. (2018). Management of Acute-on-Chronic Liver
Failure: An Algorithmic Approach. J. Hepatol Int. 12, 402–416. doi: 10.1007/
s12072-018-9887-5

Shiiv, K. S., Ashok, C., Manoj, K. S., Rakhi, M., Mamun, A., Salimur, R., et al
(2019). Acute-on-Chronic Liver Failure: Consensus Recommendations of the
Asian Pacific Association for the Study of the Liver (APASL): An Update.
Hepatol Int. 13, 353–390. doi: 10.1007/s12072-019-09946-3
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 9
Singh, N., Winston, D. J., Razonable, R. R., Lyon, G. M., Silveira, F. P., Wagener,
M. M., et al. (2020). Effect of Preemptive Therapy vs Antiviral Prophylaxis on
Cytomegalovirus Disease in Seronegative Liver Transplant Recipients With
Seropositive Donors: A Randomized Clinical Trial. JAMA 323, 1378–1387. doi:
10.1001/jama.2020.3138

Strippoli, G., Hodson, E., Jones, C., and Craig, J. (2006). Preemptive Treatment for
Cytomegalovirus Viremia to Prevent Cytomegalovirus Disease in Solid Organ
Transplant Recipients. Transplantation 81, 139–145. doi: 10.1097/
01.tp.0000183970.71366.da

Tong, J., Sun, Z., Liu, H., Geng, L., Zheng, C., Tang, B., et al. (2013). Risk Factors of
CMV Infection in Patients After Umbilical Cord Blood Transplantation: A
Multicenter Study in China. Chin. J. Cancer Res. 25, 695–703. doi: 10.3978/
j.issn.1000-9604.2013.11.08

von Muller, L., Klemm, A., Durmus, N., Weiss, M., Suger-Wiedeck, H., Schneider,
M., et al. (2007). Cellular Immunity and Active Human Cytomegalovirus
Infection in Patients With Septic Shock. J. Infect. Dis. 196, 1288–1295. doi:
10.1086/522429

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Yang, Zhou, Yang, Chen, Liu, Zhang, Shao, Zheng and Zhang. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
May 2021 | Volume 11 | Article 642500

https://doi.org/10.1038/s41598-017-10604-7
https://doi.org/10.1016/j.jcrc.2018.01.013
https://doi.org/10.1111/1756-185X.13467
https://doi.org/10.1099/jgv.0.000407
https://doi.org/10.1186/s13052-017-0358-8
https://doi.org/10.1136/bmjgast-2015-000050
https://doi.org/10.1007/s12072-018-9887-5
https://doi.org/10.1007/s12072-018-9887-5
https://doi.org/10.1007/s12072-019-09946-3
https://doi.org/10.1001/jama.2020.3138
https://doi.org/10.1097/01.tp.0000183970.71366.da
https://doi.org/10.1097/01.tp.0000183970.71366.da
https://doi.org/10.3978/j.issn.1000-9604.2013.11.08
https://doi.org/10.3978/j.issn.1000-9604.2013.11.08
https://doi.org/10.1086/522429
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

	Latent Cytomegalovirus Reactivation in Patients With Liver Failure: A 10-Year Retrospective Case-Control Study, 2011-2020
	Highlights
	Introduction
	Materials and Methods
	Study Design and Participants
	Data Collection and Glucocorticoid Treatment
	Control Selection and Follow&dash;Up
	CMV DNA Test
	Statistical Analysis

	Results
	Clinical Characteristics of Liver Failure Patients With and Without CMV Reactivation
	Laboratory Results for Diagnosis of CMV Reactivation
	Impact of CMV Reactivation on the Fatal Outcome of Patients With Liver Failure
	Glucocorticoid Regimens in Liver Failure Patients With and Without CMV Reactivation
	Risk Factors for CMV Reactivation in Liver Failure

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


