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Infections remain a main cause of morbidity and mortality following orthotopic liver
transplantation (OLT). Patients with end-stage liver cirrhosis exhibit a deregulation of
their immune response, making them more susceptible to infections. From a prospective
database, we retrospectively assessed the ability of preoperative lymphopenia, as a
marker of this immune dysregulation, to predict the occurrence of early postoperative
bacterial infections during post-OLT ICU hospitalization in patients with cirrhosis. Between
January 2011 and December 2021, we included 445 patients. Post-OLT infections
occurred in 92 patients (21%) and were mainly represented by bacteriemia (39%),
pneumonia (37%) and surgical site infection (30%). Preoperative lymphocyte count
≤1.150 × 109/L was identified as an independent risk factor, as well as preoperative
encephalopathy, intraoperative RBC transfusion >2 and intraoperative maximum
norepinephrine dose >0.5 μg.kg−1.min−1 (all p < 0.05). Bootstrap analysis validated
these results (p < 0.05). The risk factors were integrated into the PRELINFO score which
was associated with the risk of infection (p < 0.05). The depth of preoperative lymphopenia
was also associated with the risk of infection and postoperative correction of lymphopenia
was slower in patients who developed an infection than in those who did not. Preoperative
blood lymphocyte count should be incorporated into the assessment of the risk of early
post-OLT bacterial infections.
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GRAPHICAL ABSTRACT |

INTRODUCTION

The occurrence of infection following orthotopic liver
transplantation (OLT) remains one of the main postoperative
complications affecting patient morbidity and mortality [1, 2].
The incidence of infectious complication after OLT reported in
literature ranges from 20% to 70% [3–5] and in more than 2/3 of
cases, these infections are of bacterial origin [6, 7]. Especially
when they occur during intensive care hospitalization, infections
following OLT increase the risk of early death, the duration under
mechanical ventilation and the intensive care unit (ICU) length of
stay [3, 4]. Then, in an era where the trend is towards
personalized medicine and “fast-tracking” strategy bypassing a
systematic ICU hospitalization after OLT [8–10], early
identification of patients at risk to develop infection after OLT
would be useful to tailor their perioperative management and
their immunosuppressive regimen.

Different risk factors for bacterial infections after OLT have
been proposed in the literature including poor clinical conditions
of the recipient (high Model for End-Stage Liver Disease (MELD)
score, Acute-on-Chronic Liver Failure (ACLF), sarcopenia. . .),
the complexity of the surgical procedure (blood transfusion, cold
ischemia time, duration of surgery, type of biliary
anastomosis. . .), and postoperative risk factors (type of
immunosuppression therapy, ICU length of stay, biliary
complication. . .) [11]. The recipient’s immune system could
also play a particularly important role [12]. Patients with end-
stage liver cirrhosis, which is the main indication for OLT in

Europe [13], are known to exhibit a deregulation of their immune
response described under the term “cirrhosis associated immune
dysfunction” (CAID) [14, 15]. One of the consequences of CAID
is lymphopenia, which has led to the absolute blood lymphocyte
count being considered one of the simplest surrogate markers for
assessing CAID [16–18]. However, the impact of absolute
lymphopenia on the early onset of bacterial infections after
OLT has been poorly studied.

The aim of this study was to analyze the ability of preoperative
blood lymphocyte count to predict the occurrence of early
postoperative bacterial infections after OLT in patients
with cirrhosis.

PATIENTS AND METHODS

Study Design and Patients
We performed a retrospective monocenter (Beaujon Hospital,
Clichy, France) observational study from a prospective database
from January 2011 to December 2021. This study was conducted
in accordance with both the Declarations of Helsinki and Istanbul
and was approved by the local ethics committee, which waived
the need for written informed consent (Institutional Review
Board—IRB 00006477—of HUPNVS, Paris 7 University, AP-
HP— 13-020).

All patients older than 18 years who received an OLT for
underlying cirrhosis were included. The non-inclusion criteria
were: history of previous liver transplantation, multiple organ
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transplantation (combined liver-kidney, liver-lung or liver-heart
transplantation), primary graft non-function [19], immediate
preoperative infection (including ACLF patients with an
infectious trigger) or suspicion of intraoperative infection, and
unknown preoperative blood lymphocyte count.

Data Collection
For each patient, clinical and biological data were recorded
preoperatively, intraoperatively and postoperatively during
ICU stay. Preoperative data included demographic parameters,
etiology and severity of underlying liver disease as assessed by
MELD score and ACLF before OLT. Intraoperatively, data such
as duration of surgery, blood loss and number of packed red
blood cell (RBC) units transfused during surgery, cold and warm
ischemia times, type of biliary reconstruction (duct-to-duct or
Roux-en-Y anastomosis) and reperfusion syndrome
were recorded.

Biological data included biochemical, hematological and
bacteriological data. Blood cell count data were collected
retrospectively from the immediate preoperative period until
postoperative day 7 using medical charts.

Patients were followed up during their postoperative ICU stay
to record: usual ICU severity score (SAPS II) at admission,
postoperative morbidity: infection occurring during the ICU
hospitalization and time between OLT and infection, acute
renal failure and duration of renal-replacement therapy,
mechanical ventilation duration, vasopressor infusion duration
and ICU length of stay. Only the first episode of post-OLT
infection was considered. Mortality was assessed at day 30 and
day 90 after OLT.

Definitions
Pretransplant lymphopenia was defined as a preoperative blood
lymphocyte count <1.50 × 109/L.

The criteria used to define ACLF were those published by
Moreau et al. [20].

All bacterial infections occurring during ICU hospitalization
were investigated. Importantly, all infections were diagnosed on
the basis of a clinical suspicion that was confirmed by the
isolation of a bacteria from microbiological culture. We have
used the same definitions in our work as those published in a
previous study [21].

The diagnosis of pneumonia was based on Infectious Disease
Society of America guidelines [22]. It was consistently suspected
on clinical criteria (2 or more of the following characteristics:
temperature >38.3°C or <36°C, leukocyte count >10 G/L or <4 G/
L, and purulent respiratory secretions) and radiological findings
(new lung infiltrate on chest radiography). It was confirmed by a
lower respiratory tract microbiological sample (blind protected
bronchial sampling (BPSS) or bronchoalveolar lavage (BAL)).
The diagnostic thresholds for BPSS and BAL quantitative cultures
were 103 Colony-Forming Units (CFU)/mL and 104 CFU/mL
respectively.

Surgical-site infections (SSI) were defined according to the
CDCNational Nosocomial Infections Surveillance criteria [23] as
superficial, deep or organ/space. In this study, only deep and
organ/space SSI were considered. Their diagnosis was made on

the basis of clinical (at least 1 of the following signs or symptoms:
fever >38°C, localized pain or tenderness) and biological
(leukocytosis, liver exams abnormalities) signs. It was
confirmed by the isolation of bacteria from biliary fluid, from
peritoneal fluid containing >250 polymorphonuclear cells/mm3,
or from an intra-abdominal abscess or collection. All these
microbiological samples were obtained aseptically when
surgical or radiological drainages were performed, or by
percutaneous aspiration. No culture of fluid obtained through
a previous drain was considered.

Urinary tract infections (UTI) were diagnosed based on the
guidelines of the Infectious Disease Society of America [24]. Of
note, asymptomatic bacteriuria and uncomplicated UTI were not
considered in this work. Complicated UTI were defined by the
presence of signs and symptoms compatible (new onset or
worsening of fever, rigors, altered mental status, malaise or
lethargy, flank pain, costo-vertebral angle tenderness,
hemodynamic instability, leukocytosis) with no other source of
infection along with a significant growth of a uropathogen
(≥103 CFU/mL). Catheter-related UTI diagnosis was requiring
signs and symptoms in presence of indwelling urinary catheters
and presence of ≥103 CFU/mL in a single catheter urine specimen
or in a midstream urine in case of urinary catheter removal in the
previous 48 h.

Finally, bacteremia was defined as a positive peripheral blood
culture bottle result together with clinical and biological signs
of infection.

Antimicrobial Prophylaxis Protocol
All patients received an intraoperative antimicrobial prophylaxis.
According to our local protocol and following the results of our
previous studies [21, 25], the patients received either cefoxitin or a
targeted antimicrobial prophylaxis tailored to cover ESBL-E
(Extended-Spectrum β-Lactamase-producing
Enterobacteriaceae) colonizing bacteria in case of known
preoperative rectal carriage (carbapenems, piperacillin-
tazobactam or cefoxitin according to the antibiotic
susceptibility testing). The duration of prophylaxis was limited
exclusively to the intraoperative period for all patients.

Immunosuppressive Regimen
For all patients, immunosuppressive regimen consisted in a triple
therapy combining glucocorticoids, mycophenolate mofetil and
either tacrolimus (in case of normal renal function) or
basiliximab (in case of acute or chronic renal failure). All
patients received an intravenous bolus of 5 mg.kg−1

glucocorticoids intraoperatively and on admission to the ICU,
followed by a daily dose reduction. At D7, all patients received
only 20 mg glucocorticoids. Mycophenolate mofetil was
administered enterally at a dose of 1,500 mg twice daily, or
1,000 mg twice daily intravenously when enteral
administration was not possible. For patients receiving
basiliximab, a 20 mg dose was administered intravenously on
D0 and D4. For these patients, tacrolimus was introduced no later
than D7. For patients receiving tacrolimus initially, treatment was
initiated at a daily dose of 0.025 mg.kg−1 administered by enteral
route. Dosage was adjusted daily according to residual tacrolimus
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blood levels. The target residual tacrolimus level was individually
adjusted according to the patient’s hematocrit and protidemia
(ranging, in extreme cases, from 3 to 11 μg/L).

Outcome Variables
The primary outcome was the occurrence of a bacterial infection
during the ICU hospitalization following OLT. Secondary
outcomes were mechanical ventilation duration, vasopressor
infusion duration, ICU length of stay, need for and duration
of renal-replacement therapy and ICU mortality within 30 days
and 90 days.

Statistical Analyzes
Data were compared using Mann-Whitney U test or Kruskal-
Wallis test for continuous variables and using Fisher’s exact test
for qualitative variables. Variables achieving a p value <0.05 in
univariate analysis were introduced into a multivariable logistic
regression model with backward elimination (exit p = 0.05) in
complete cases. Potential collinearity between variables was
checked, and the more clinically relevant variable was
retained in the case of collinearity. Significant continuous
variables identified in the univariable analysis were
dichotomized to optimize their sensitivity and specificity
using the Youden index with the creation of ROC curves.
Then, variables with p values <0.05 by multivariable logistic
regression were included in an infection risk score, using the
beta coefficient to build the score. A bootstrap analysis with
2000 resampling was used to confirm the result of the
multivariable logistic regression model.

Results are expressed as number and percentage or median
and interquartile range. All tests were 2-sided and used a
significance level of 0.05. Data handling and analysis were
performed with SPSS 22.0 (SPSS Inc., Chicago, IL).

RESULTS

Patients’ Characteristics
Of the 1,125 patients transplanted at Beaujon Hospital during the
study period, 736 had underlying cirrhosis. After exclusion of the
291 patients who did not meet the inclusion criteria, 445 patients
were finally included in the study (Figure 1). Population
characteristics are displayed in Table 1. The main cause of
liver disease was alcohol-related cirrhosis (55%) and median
MELD score on the day of transplantation was 14 [10–20].
Thirty-five (8%) patients underwent liver transplantation for
ACLF. Donor information is presented in
Supplementary Table S1.

Post-OLT infection occurred in 92 patients (21%) during ICU
hospitalization, including 9 patients who developed septic shock.
These infections were mainly represented by bacteriemia (39%),
pneumonia (37%), surgical site infection (30%) and UTI (26%).
Species involved in post-OLT infections were mainly
Enterobacterales and Enterococci. The median time between
OLT and infection was 5 [4–7] days. Two patients developed a
fungal infection in addition to the bacterial infection, and no
patient developed a viral infection. There was no difference in the
occurrence of post-OLT infection between patients receiving

FIGURE 1 | Flow chart.
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basiliximab (31%) and those receiving tacrolimus (69%) as an
immunosuppression induction regimen: 24% and 19%
respectively (p = 0.163).

Complications and mortality are presented in Supplementary
Table S2. Patients who developed post-OLT infection had higher
30-day and 90-day mortality rates than those who did not.

Moreover, durations of mechanical ventilation, vasopressor
infusion and ICU stay were longer, and renal-replacement
therapy requirement was more frequent among patients who
developed an infection. Fifteen patients (3%) had died by
postoperative day 90. Among them, 13 patients had died
during ICU-hospitalization.

TABLE 1 | Patients’ main characteristics and univariate analysis.

Characteristics All (n = 445) Post-LT infection (n = 92) Absence of post-LT infection (n = 353) p

Baseline characteristics
Age (years) 57 [51–63] 58 [50–63] 57 [52–63] 0.897
Male sex, n (%) 343 (77) 70 (76) 273 (77) 0.799
BMI (kg.m−2) 26 [24–30] 27 [24–31] 26 [24–30] 0.425
Malnutrition, n (%) 164 (37) 42 (47) 122 (35) 0.050
Diabetes, n (%) 105 (24) 23 (25) 82 (23) 0.736
HIV coinfection, n (%) 8 (2) 2 (2) 6 (2) 0.763
COPD, n (%) 8 (2) 2 (2) 6 (2) 0.767
Cause of cirrhosis, n (%)
• Excessive alcohol consumption
• Metabolic syndrome
• HCV infection
• HBV infection
• Auto-immune hepatitis
• Cholestatic liver disease

243 (55)
115 (26)
119 (27)
61 (14)
19 (4)
15 (3)

55 (60)
27 (29)
20 (21)
7 (8)
5 (5)
3 (3)

188 (53)
88 (25)
99 (28)
54 (15)
14 (4)
12 (3)

0.263
0.389
0.224
0.056
0.535
0.948

HCC, n (%)
• HCC compensated cirrhosis

222 (50)
133 (30)

36 (39)
19 (21)

186 (53)
114 (32)

0.021
0.030

Preoperative ascites, n (%) 140 (31) 33 (36) 107 (30) 0.307
Preoperative encephalopathy, n (%) 169 (38) 49 (53) 120 (34) <0.001
Decompensated cirrhosis, n (%) 312 (70) 73 (79) 239 (68) 0.030
History of SBP, n (%) 76 (17) 22 (24) 54 (15) 0.050
Severity of cirrhosis
• MELD
• MELD≥ 25, n (%)
• ACLF, n (%)

14 [10–20]
57 (13)
35 (8)

17 [11–23]
21 (23)
15 (16)

13 [10–19]
36 (10)
20 (6)

0.001
<0.001
<0.001

Pre-LT blood count
Hemoglobin (g/L)
Hemoglobin<11 g/L, n (%)

119 [101–138]
149 (33)

112 [96–132]
44 (48)

121 [103–138]
105 (30)

0.011
<0.001

Platelets (x109/L) 91 [67–130] 81 [61–127] 95 [69–132] 0.077
Leucocytes (x109/L) 5.20 [4.00–6.80] 5.15 [3.80–7.08] 5.20 [4.05–6.80] 0.966
Neutrophils (x109/L) 3.10 [2.29–4.20] 3.15 [2.42–4.45] 3.10 [2.20–4.10] 0.333
Lymphocytes (x109/L) 1.13 [0.74–1.60] 0.98 [0.60–1.47] 1.20 [0.78–1.66] 0.006
Lymphocytes≤1.15 × 109/L, n (%) 231 (52) 61 (66) 170 (48) 0.002
Monocytes (x109/L) 0.57 [0.40–0.80] 0.59 [0.37–0.80] 0.57 [0.40–0.79] 0.635
Intraoperative characteristics
Surgery duration (min) 315 [270–360] 320 [270–387] 310 [274–360] 0.375
Cold ischemia time (min) 425 [357–536] 432 [374–540] 420 [351–535] 0.570
Warm ischemia time (min) 45 [38–53] 45 [36–55] 45 [39–52] 0.904
Blood loss (mL)
Blood loss≥750

1,000 [500–1,500]
254 (57)

1,000 [788–2000]
63 (68)

900 [500–1,400]
191 (54)

<0.001
<0.001

RBC transfusion, n (%) 223 (50) 60 (65) 163 (46) <0.001
Number of RBCs units transfused (U) 1 [0–2] 2 [0–4] 0 [0–2] <0.001
RBCs transfusion>2U (%) 99 (22) 36 (39) 63 (18) <0.001
Reperfusion syndrome, n (%) 224 (50) 50 (54) 174 (49) 0.348
Maximum norepinephrine dose (µg.kg−1.min−1)
Maximum norepinephrine dose>0.5 μg.kg−1.min−1, n (%)

0.55 [0.29–0.93]
239 (54)

0.71 [0.48–1.19]
66 (72)

0.50 [0.25–0.85]
173 (49)

<0.001
<0.001

Biliary reconstruction, n (%)
• Duct-to-duct
• Roux-en-Y anastomosis

408 (92)
6 (1)

86 (93)
1 (1)

322 (91)
5 (1)

0.792
0.792

Mann-Whitney U test used for continuous variables. Chi-square test used for categorical variables. Results are expressed as number (percentage) or median [interquartile range].
p-value <0.05 was considered significant. p-values in bold are significant. BMI, body mass index; HIV, Human Immunodeficiency Virus; COPD, chronic obstructive pulmonary disease;
HCV, hepatitis C virus; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; SBP, spontaneous bacterial peritonitis; MELD, Model for End-stage Liver Disease; ACLF, Acute on Chronic
Liver Failure; RBC, red blood cells.
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Association Between Preoperative Blood
Lymphocyte Count and Prevalence of Post-
OLT Infections
Univariate analysis investigating factors associated with post-
OLT infections is displayed in Table 1. Patients who developed a
post-OLT infection had a lower preoperative blood lymphocyte
count than those who did not. Patients with a blood lymphocyte
count of less than 1.150 × 109/L had an almost 2-fold increased
risk of post-operative infection.

We further analyzed the prevalence of post-OLT infections in
different sub-groups according to the preoperative blood
lymphocyte count: <0.5 × 109/L, between 0.5 and 1.0 × 109/L,
between 1.0 and 1.5 × 109/L and ≥1.5 × 109/L. Results are displayed
in Figure 2A. The lower the preoperative blood lymphocyte count,
the higher the prevalence of post-OLT infections (p = 0.047).

Risk Factors for Post-OLT Infections
By multivariate regression analysis with backward elimination,
preoperative encephalopathy, lymphocytes ≤1.150 × 109/L,
intraoperative RBC transfusion >2 U and intraoperative
maximum norepinephrine dose >0.5 μg.kg−1.min−1 were
independent predictors of post-OLT infections (Table 2).
Bootstrapping methods (2000 resampling) confirmed that they
were all independent predictors of post-OLT infections. Results
are displayed in Supplementary Table S3.

The sensitivity and specificity associated with the risk of post-
OLT infection of each criterion were as follows: preoperative
encephalopathy: 53% and 66%; blood lymphocyte count <1.150 ×
109/L: 66% and 52%; intraoperative RBC transfusion >2 U: 39%
and 82%; intraoperative maximum norepinephrine dose
>0.5 μg.kg−1.min−1: 72% and 51%, respectively.

PRELINFO Score
Since the beta coefficients were roughly similar for these 4 risk
factors of post-OLT infections, a score of one point was then
attributed to each of them to build the PRELINFO (PRediction of
EarLy INfection Following Orthotopic liver transplantation)
score. The PRELINFO score ranged from 0 to 4 points. The
prevalence of post-OLT infections for PRELINFO score of 0, 1, 2,
3 and 4 points was respectively 7.4%, 12.2%, 23.5%, 32.2% and
51.9% (p < 0.05) (Figure 2B). Thus, patients with a score of 0
(18%) or 1 (12%) had a low risk, while patients with a score of 3
(20%) or 4 (6%) had a medium or high risk of post-OLT
infections.

We assessed the specific contribution of adding lymphopenia
to the score in predicting infectious risk. Among patients who
developed a postoperative infection (n = 92), 66% (n = 61) were
effectively reclassified into a higher-risk category when
lymphopenia was included in the score: including 24% (n =
22) in low-risk groups (0–2), and 42% (n = 39) in higher-risk
groups (3–4). Conversely, among patients who did not develop a

FIGURE 2 | Post-OLT infection prevalence according to preoperative blood lymphocytes count (panel (A)) and PRELINFO score (panel (B)) Chi-square test used.
Bold stars indicate statistically significant difference (p < 0.05).

TABLE 2 | Features associated with the primary endpoint by a multivariable logistic regression model.

Risk factor OR [IC 95%] p Point

Preoperative encephalopathy 1.764 [1.047–2.974] 0.033 1
Lymphocytes≤1.15 × 109/L* 1.836 [1.064–3.168] 0.029 1
RBCs transfusion>2U** 2.160 [1.242–3.755] 0.006 1
Maximum norepinephrine dose>0.5 μg.kg−1.min−1** 2.457 [1.406–4.296] 0.002 1

Multivariable logistic regression with backward elimination (exit p = 0.05). Results presented as OR [CI 95%] (p). p-value <0.05 was considered significant. p-values in bold are significant.
RBC, red blood cells. * Immediate preoperative data. **Intraoperative data.
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postoperative infection (n = 353), 30% were erroneously
reclassified to a higher-risk category in the low-risk groups,
and 18% in higher-risk groups.

Evolution of Blood Lymphocyte Count
According to the Primary Endpoint Before
and After OLT
Finally, to better understand the role of preoperative
lymphopenia in the occurrence of post-OLT infections, we
analyzed the evolution of blood lymphocyte count before and
within the first 7 days after OLT in the two subpopulations
according to the occurrence of the primary endpoint. Results are
displayed in Figure 3. All patients experienced a decrease in their
blood lymphocyte count in the first few days post-OLT.
Interestingly, while blood lymphocyte counts decreased to
similar levels from D0 to D2 in both groups, patients in the
post-OLT infection group showed a statistically slower
resurgence in blood lymphocyte counts from D3 onwards than
patients in the no post-OLT infection group.

Subgroup Analysis
In our cohort, 312 patients (70%) were transplanted for
decompensated liver disease and 133 (30%) for HCC with
compensated cirrhosis. HCC was a protective factor for the
occurrence of post-OLT infection (OR = 0.57 [0.361–0.922],
p = 0.021). In the HCC-compensated subgroup, 19 (14%)
patients developed a post-OLT infection, and preoperative
lymphocyte count was not significantly associated with
infection risk (p = 0.870). We conducted a secondary analysis
in the decompensated cirrhosis subgroup (n = 312) which
included 73 (23%) patients who developed a post-OLT
infection. The results confirmed the data obtained on the
main population and are presented in Supplementary Tables

S4, S5. As in the main cohort, the PRELINFO score was
associated with the occurrence of post-LT infection (p < 0.001).

DISCUSSION

In our study, 21% of patients presented at least one bacterial
infectious complication during the hospitalization in intensive
care following OLT for cirrhosis. These infections, mainly
represented by bacteremia, pneumonia and surgical site
infection, occurred in median 5 days after the transplantation.
In our cohort, we have highlighted that the lower the preoperative
blood lymphocyte count, the higher the prevalence of infections.
In multivariate analysis, preoperative blood lymphocyte
count ≤1.150 × 109/L was found to be an independent risk
factor for early post-OLT infections as was preoperative
MELD ≥25, and intraoperative RBC transfusion >2 U during
the liver transplantation. These parameters were integrated into a
predictive score for early bacterial infections following liver
transplantation: the PRELINFO score. The higher the score,
the greater the risk of early post-OLT infections. Finally, the
kinetics of lymphocyte count during the first seven days after
OLT differed between patients who would develop a
postoperative infection and those who would not. The
preoperative lymphocyte count was lower, and while all
patients were similarly lymphopenic in the early postoperative
days, the recovery from lymphopenia was slower in the post-OLT
infection group.

Infections are a major cause of morbidity and mortality after
OLT [3, 12, 26, 27]. The incidence of infections reported in the
literature can reach 80% in the year following the transplantation
[26]. In the vast majority of cases (around 70% of cases), these are
bacterial infections [12, 26], and the early postoperative period
seems to be particularly at risk [1, 28]. Indeed, 20%–40% of
patients would develop a bacterial infection within the first
month following the OLT [3, 12]. In our study, we found
similar results to the literature in terms of infected sites
(bacteremia, pneumonia and surgical site infections) [3, 12,
28] but the infection rate was in the low range of what is
described in the literature (21%). This can be explained on the
one hand by the fact that only infections occurring during ICU
hospitalization (median length of stay 8 days [6–12]) have been
collected, and on the other hand by the study population which
was relatively selected (inclusion of cirrhotic patients exclusively,
exclusion of re-transplantations, multiple transplantations,
patients with immediate preoperative infection or suspicion of
intraoperative infection especially). Possibly for the same reasons,
we observed fewer septic shocks than described by Laici et al. in
2018 [3] who found that post-OLT infections were complicated
by a septic shock in almost a quarter of cases and were responsible
for almost half of the deaths occurring at day 90.

There were several reasons for analyzing the relationship
between lymphopenia and post-OLT infections. First, the risk
of bacterial infection after solid organ transplantation seems to
increase with the degree of immunosuppression [29]. The latter
depends not only on the immunosuppressive treatments
introduced after the transplantation but also on the pre-

FIGURE 3 | Evolution of blood lymphocyte count according to the
primary endpoint Mann-Withney U test used. Results are presented as
median [interquartile range]. Bold star indicates statistically significant
difference (p < 0.05).
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existing level of immunosuppression specific to each patient [1,
12]. Since a few years, alterations in the immune response in
cirrhotic patients have been described under the term “Cirrhosis-
Associated Immune Dysfunction,” for which lymphopenia is
thought to have an important role [14, 15, 30]. Moreover,
preoperative lymphocyte count was associated with the
occurrence of infection in the subgroup of patients with
decompensated cirrhosis and was not in the subgroup of
patients transplanted for HCC with compensated cirrhosis.
This is consistent with the fact that CAID, and hence
lymphopenia, is more pronounced in patients with advanced
cirrhosis. Thus, the absolute lymphocyte count could be a simple
and accessible marker to easily assess the basal
immunosuppression state of cirrhotic patients before OLT.
Recently, lymphopenia at the time of the liver transplantation
has been associated with short-term mortality [31]. In this study,
the authors found that patients with very low preoperative
lymphocyte count (<500/µL) had a higher risk of mortality,
particularly sepsis-related mortality, and of bacteremia within
180 days post-OLT. However, this study was not designed to
assess the relationship between preoperative blood lymphocyte
count and early postoperative infections. Our results provide new
data by considering all bacterial sepsis and focusing on the early
postoperative period, known to be particularly at risk [1, 28].
Moreover, we demonstrate an effect of lymphopenia on the
occurrence of infections from a higher lymphocyte threshold
(<1.15 × 109/L). Another study showed that patients who
developed infection after OLT had a higher neutrophil-to-
lymphocyte ratio the day before the sepsis than those who did
not, suggesting that a low postoperative lymphocyte count is
associated with the risk of infection after OLT [32]. However, this
study failed to show an effect between preoperative neutrophil-to-
lymphocyte ratio or preoperative lymphocyte count and
postoperative infections. In our study, we analyzed the
preoperative neutrophil-to-lymphocyte ratio which was less
accurate than lymphocyte count in predicting early
postoperative infections (data not shown). Finally, Riff et al.
found similar results with regard to the kinetics of post-OLT
lymphocyte count in patients with cirrhosis [33]. Thus, to the best
of our knowledge, our study is the first to show a clear association
between preoperative lymphocyte count and the occurrence of
early post-OLT bacterial infections in patients with cirrhosis.

Secondly, treatments limiting immune rejection have a
major role in the postoperative immunosuppression state
[29, 34]. The main immunosuppressive treatments used
after OLT (glucocorticoids, tacrolimus and mycophenolate
mofetil) all cause qualitative or quantitative lymphocyte
alterations, thus worsening the potential pre-existing
lymphopenia. Although the risk of post-OLT rejection is
becoming low, in particular by the improvement in
immunosuppressive treatments, the balance between risk of
infection and risk of transplant rejection remains challenging
[35]. A recent national survey, assessing perioperative
management practices, found that 30% of OLT centers
modified the immunosuppressive regimen (mainly by
reducing tacrolimus or corticosteroid doses) in case of
postoperative suspected sepsis [36]. In the future, studies

will be needed to determine the value of preoperative blood
lymphocyte count to individualize the immunosuppressive
regimen in the immediate postoperative period based on the
assessment of post-OLT infection risk.

Among the other risk factors for post-OLT infections
described in the literature, the MELD score is inconsistently
found. Some studies did not find an association between
MELD and the occurrence of surgical site infection [37],
pneumonia or bacteremia after OLT [38]. Conversely, a study
published in 2013 by Avkan-Oguz et al. found an association
between a MELD score >20 and the onset of bacterial infections
within 30 days after the OLT, whatever the infected sites [5]. In
our study, in multivariate analysis, the history of encephalopathy
was a more accurate factor than MELD in reflecting the impact of
cirrhosis severity on the risk of post-OLT infection.
Intraoperative RBC transfusion has also been studied by other
teams and is frequently described as a predictor of post-OLT
infections [5, 6, 39, 40]. However, while the immunosuppressive
role of transfusion is recognized [41], the significant thresholds in
terms of transfusion volume vary between studies [5, 6]. While
Avkan-Oguz et al. [5] considered a transfusion threshold greater
than 6 U as a risk factor for post-OLT infections, the threshold we
used in our study (>2U) was based on the evaluation of the
Youden index and can be explained by a very low median of
intraoperative transfusion in our cohort (1 U [0–2]). Rarely
described in the literature in this way, we also show in our
study a link between intraoperative severity represented by the
maximum norepinephrine dose and the risk of early post-OLT
infection. Other risk factors have been described in the literature
such as undernutrition, renal-replacement therapy, the need for
retransplantation, history of COPD or even a Roux-en-Y
anastomosis biliary reconstruction [3, 5, 37]. Interestingly, the
type of biliary reconstruction was not identified as a risk factor in
our work, but this is most likely linked to the very high
predominance of duct-to-duct reconstruction in our
cohort (92%).

We propose a simple, pragmatic score for bedside use in the
immediate post-OLT period to assess the risk of early infection.
The preoperative blood lymphocyte count and the PRELINFO
score could be used to adapt the immunosuppression regimen
and indicate closer monitoring of the development of bacterial
infection or even pursue more prolonged antibiotic prophylaxis
in patients most at risk.

Our study has several limitations. First, it is a monocentric
study. Although many characteristics of our population are
consistent with what is reported in the literature, the results
we present need to be validated in an external cohort. To be used
in everyday practice, the PRELINFO score would need to be
validated in another prospective, multicenter study. In order to
limit this bias, we used a bootstrap analysis providing an
internal validation of the multivariable logistic regression
model. Second, although the database was completed
prospectively, some specific data of our work have been
collected retrospectively potentially biasing the results.
Furthermore, we cannot rule out the possibility that certain
data that we were unable to collect may have affected
lymphocyte levels (e.g., certain patient-specific treatments) or
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the risk of infection (e.g., cumulative dose of tacrolimus or
mycophenolate mofetil, hypogammaglobulinemia). Finally, the
study period is relatively long. It is possible that medical and
surgical practices have evolved over time, thus influencing the
results we have observed.

In conclusion, early bacterial infections after OLT for
cirrhosis are a relatively frequent phenomenon and
represent a real challenge in terms of morbidity and
mortality in the early post-operative period. We highlight
several known risk factors and the role of preoperative
lymphopenia in the occurrence of these infections. These
results suggest that preoperative blood lymphocyte count
should be incorporated into the assessment of the risk of
post-OLT bacterial infections, and that further studies
should be carried out to clarify its use in defining the
immunosuppression regimen in the early postoperative period.
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