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Abstract Purpose: Sepsis-
induced immunosuppression is pos-
tulated to contribute to a heightened
risk of nosocomial infection (NI).
This prospective, single-center,
observational study was conducted to
assess whether low monocyte human
leukocyte antigen-DR expression
(mHLA-DR), proposed as a global
biomarker of sepsis immunosuppres-
sion, was associated with an
increased incidence of NI after septic
shock. Methods: The study included
209 septic shock patients. mHLA-DR
was measured by flow cytometry at
days (D) 3–4 and 6–9 after the onset
of shock. After septic shock, patients
were screened daily for NI at four
sites (microbiologically documented
pulmonary, urinary tract, blood-
stream, and catheter-related
infections). A competing risk
approach was used to evaluate the
impact of low mHLA-DR on the
incidence of NI. Results: At D3–4,
we obtained measurements in 153
patients. Non-survivors (n = 51)
exhibited lower mHLA-DR values

expressed as means of fluorescence
intensities than survivors (n = 102)
(33 vs. 67; p \ 0.001). The patients
who developed NI (n = 37) exhibited
lower mHLA-DR values than those
without NI (n = 116) (39 vs. 65;
p = 0.008). mHLA-DR B54
remained independently associated
with NI occurrence after adjustment
for clinical parameters (gender, sim-
plified acute physiology score II,
sepsis-related organ failure assess-
ment, intubation, and central venous
catheterization) with an adjusted
hazards ratio (aHR) of 2.52 (95% CI
1.20–5.30); p = 0.02. Similarly, at
D6–9, low mHLA-DR (B57)
remained independently associated
with NI with an aHR of 2.18 (95% CI
1.04–4.59); p = 0.04. Conclu-
sions: In septic shock patients, after
adjustment with usual clinical con-
founders (including ventilation and
central venous catheterization), per-
sistent low mHLA-DR expression
remained independently associated
with the development of secondary
NI.
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Introduction

Septic shock, the most serious clinical inflammatory
response to infection, accounts for about 9% of admis-
sions to intensive care units (ICUs), and its incidence is
increasing [1]. It is characterized by high rates of noso-
comial infections (NI) [2] and mortality, ranging from 40
to 60% [1, 3]. At onset, septic shock is characterized by
massive release of inflammatory mediators, which are
responsible for organ dysfunction and hypoperfusion [4].
In parallel, the body develops compensatory mechanisms
to prevent excessive systemic inflammation. These
mechanisms may rapidly become deleterious, since vir-
tually all patients present features consistent with
immunosuppression [5–7]. Such alterations might be
directly responsible for worsening the outcome and may
play a major role in the decreased resistance to NI in
patients who survive initial resuscitation. As evidence for
this, a major segment of NI in septic patients is due to
commensals, which become pathogenic solely in fragile,
immunocompromised hosts [8]. Consequently, in the
absence of specific clinical signs of immune status in
patients, biomarkers of immunosuppression are highly
desirable.

Diminished monocyte human leukocyte antigen-DR
expression (mHLA-DR) on the cell surface is proposed as
a reflection of monocyte deactivation in critically ill
patients [9, 10]. A number of studies demonstrated a
correlation between decreased mHLA-DR and mortality
in septic patients. More specifically, in two of them,
mHLA-DR appeared as an independent predictor of 28-
day mortality in septic shock patients [11, 12]. Never-
theless, none has specifically focused on a putative link
between low mHLA-DR expression and NI occurrence in
these patients. Interestingly, univariate analysis, in small
cohorts of injured patients (trauma, burns, surgery, i.e.,
patients who present with similar mechanisms of immu-
nosuppression after systemic inflammatory responses),
tended to indicate that the lowest mHLA-DR values occur
in patients who subsequently develop secondary NI,
whereas mHLA-DR levels increase generally within
1 week in individuals who recover uneventfully [13–15].

The aim of the present study was therefore to evaluate
whether low mHLA-DR expression is associated with an
elevated secondary NI rate in septic shock patients who
survive the initial 48 h of the syndrome.

Materials and methods

Study population

A total of 209 consecutive septic shock patients were
included from 1 December 2001 through 30 April 2005.
These patients were described previously in detail

regarding epidemiological aspects of NI after septic shock
[2]. The relationship between mHLA-DR and mortality
was assessed earlier in a subgroup of patients [12]. The
diagnosis of septic shock was based on classical criteria
defined by the American College of Chest Physicians/
Society of Critical Care Medicine [16]. Additional details
regarding patients and methods are provided in the
‘‘Electronic supplementary material’’. The timing of
septic shock onset (T0) was defined by the start of
vasopressor treatment. Septic shock treatment was per-
formed in accordance with current international
guidelines. Exclusion criteria were patients younger than
age 18 years old or subjects with aplasia. During follow-
up, from admission to ICU discharge, clinical and bio-
logical data were collected from two sources: the national
ICU NI surveillance network [17, 18] and specific data on
all septic shock patients including scores. During ICU
stay, patients were screened daily for exposure to invasive
device (intubation, indwelling urinary catheter, and cen-
tral venous line) and for four NI sites: microbiologically
documented pulmonary (PI), urinary tract (UTI), blood-
stream (BSI), and catheter-related infections (CRI).
Definitions of NI were those used by the European Net-
work for Surveillance of NI in ICUs.

mHLA-DR measurement by flow cytometry

The expression of cell surface HLA-DR on monocytes
was assessed at D3–4 (days 3–4) and D6–9 (days 6–9) by
standardized flow cytometry in peripheral whole blood
collected in EDTA anticoagulant tubes. Staining and cell
acquisition were undertaken as described previously [12,
19].

Statistical analysis

Baseline characteristics were described by frequencies,
medians, and interquartile ranges (IQR). Groups were
compared by the Mann–Whitney U test and Pearson’s v2

test or Fisher’s exact test as appropriate for continuous and
categorical variables. The mHLA-DR results obtained at
two time periods (D3–4 and D6–9) were analyzed; the
lowest levels per period were selected. For patients who
acquired NI, the expression of mHLA-DR was censored at
the first NI onset. Moreover, follow-up was stopped after
28 days. mHLA-DR expression was stratified according to
the best threshold indicated by receiver operating charac-
teristic (ROC) curves at D3–4 and D6–9 (i.e., maximized
sensitivity and specificity). The incidence of NI among
patients according to these thresholds was compared by
using cumulative incidence curves [20]. The cumulative
incidence depends on both the risk of failure attributable to
the event of interest (presence of NI) and the risk of failure
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attributable to two competing events (discharge alive and
death). A proportional subdistribution hazards model was
used to compute the time to the onset of NI and to inves-
tigate risk factors for NI. The Fine–Gray extension [21] of
the Cox model was adopted to take the two competing risks
into account. Adjustments were made for gender, simpli-
fied acute physiology score II (SAPS II), sepsis-related
organ failure assessment (SOFA), intubation, and central
venous catheterization. Time 0 was the day of septic shock
onset. The model was determined by a backward procedure
based on the Wald test. Variables with p B 0.20 were
conserved in the model. Adjusted hazard ratios (aHRs) of
NI and 95% confidence intervals (95% CI) were calculated.
All statistical tests were two-tailed, and p \ 0.05 was
considered to be statistically significant. Analyses were
performed by SPSS (version 11.5, SPSS, Inc., Chicago, IL,
USA) and R software [22].

Results

Septic shock patient characteristics

A total of 209 consecutive patients with septic shock were
treated in the two ICUs. Twenty-three (11%) patients died
within 48 h after the onset of shock. Thirty-three (16%)
patients had no mHLA-DR measurement at D3–4 because
blood samples were not collected on Saturdays and
Sundays during which the laboratory did not operate.
mHLA-DR expression at D3–4 was therefore available for
153 patients (Fig. 1). There were no differences in baseline
characteristics between the 33 patients without and the 153
patients with mHLA-DR values at D3–4 (data not shown).
Tables 1 and S1 report the characteristics of the 153
remaining patients analyzed. Thirty-seven (18%) patients

of the total cohort died before D9. mHLA-DR expression at
D6–9 was therefore available for 121 patients (Fig. 1).

Nosocomial infections

Tables 1 and S1 depict the baseline characteristics of
patients with (n = 37) and without NI (n = 116) within
28 days after septic shock onset. There was no difference
regarding admission categories (medical vs. surgical,
Table S1) between patients that will develop NI or not.
Twenty-five patients developed NI at one site, 10 patients
at two sites, and 2 patients at three sites. PI (n = 26) was
the most frequent NI, followed by UTI (n = 11), CRI
(n = 7), and BSI (n = 7). A total of 58 pathogens were
isolated from the 51 NI. PIs were mostly caused by
Pseudomonas aeruginosa (26%), enterobacteriaceae
(23%), and Staphylococcus aureus (13%). Fungi accoun-
ted for 42% of all isolates from UTI. Forty-three percent of
the BSI and 62% of the CRI were caused by gram-positive
cocci. The median time (IQR) between septic shock and
NI onset was 14 days (8.5–17.5). Higher SAPS II and
SOFA values at onset of septic shock were recorded in
patients who were going to develop NI, indicating a
greater level of severity. Moreover, these patients were
characterized by a lower proportion of microbiologically
documented initial septic shock, greater exposure to
intubation, longer duration of device exposure (urinary
tract and central venous catheterization), increased pro-
portion of renal replacement therapy, and greater median
length of ICU stay after septic shock onset (Tables 1 and
S1). Twenty-eight-day and hospital crude mortality rates
were similar between groups, whereas ICU mortality rate
was significantly higher in patients with NI (Table 1).

mHLA-DR expression

We first confirmed our previous results regarding the
prediction of mortality at D3–4 [12]. In the present study
and as expected, mHLA-DR at D3–4 was diminished in
comparison with normal values and non-survivors
(n = 51) exhibited lower mHLA-DR values than survi-
vors (n = 102) (20 vs. 43%, p \ 0.001). Similar
conclusions were reached when mHLA-DR results were
expressed as means of fluorescence intensities (MFI) (33
in non-survivors vs. 67 in survivors, p \ 0.001). There
were no difference in baseline characteristics and mHLA-
DR values between the cohort of patients of the previous
study and the rest of the cohort (data not shown).

At D3–4, the 37 patients who were going to develop an
NI exhibited lower mHLA-DR values, expressed as MFI,
than those without NI (39 vs. 65; p = 0.008, Table 1).
From ROC curve analysis, 54 was the best cutoff value to
predict NI development [area under the curve (AUC) 0.65,
p = 0.008, sensitivity (se) 68%, specificity (sp) 62%,

n = 209 septic shock patients

n = 153 with mHLA-DR at D3-4

Death within day 3 (n = 23)

Missing samples (n = 33)

n = 37 with NI

n = 116 without NI

n = 35 with NI

n = 86 without NI
n = 121 with mHLA-DR at D6-9

Infected before D6-9 (n = 2) 
ICU discharge (n = 14)

Death (n =14)
Missing samples (n = 2)

Fig. 1 Flow diagram of enrolled patients. mHLA-DR monocyte
human leukocyte antigen-DR, NI nosocomial infection occurring
within 28 days after the onset of septic shock, ICU intensive care
unit, D3–4 days 3 to 4, D6–9 days 6 to 9

1861



positive predictive value (PPV) 36%, negative predictive
value (NPV) 86%]. For patients with mHLA-DR[54, the
probability of developing an NI within the next 28 days
was 14.3% (95% CI 7.8–22.7), whereas for patients with
mHLA-DR B54 this probability was 36.2% (95% CI
25.0–47.5), according to cumulative incidence curves.
This difference was statistically significant (p = 0.002,
Fig. 2a). Hazard ratios adjusted for gender, SAPS II and
SOFA scores, intubation, and central venous catheteriza-
tion revealed that low mHLA-DR (B54) at D3–4 was
independently associated with a higher incidence of NI
[aHR 2.52 (95% CI 1.20–5.30); p = 0.02].

Similar conclusions were reached when mHLA-DR
results were expressed as percentages. We also observed
significantly lower mHLA-DR percentages in patients with
NI (27 vs. 39%; p = 0.01, Table 1). ROC curve analysis
showed that 30% was the best cutoff value to predict NI
development (AUC 0.64, p = 0.01, se 57%, sp 65%, PPV
34%, NPV 82%). For patients with mHLA-DR[30%, the
probability of developing an NI within the next 28 days
was 17.6% (95% CI 10.6–26.1), whereas for patients with
mHLA-DR B30% this probability was 33.9% (95% CI
22.3–45.8), according to cumulative incidence curves. This
difference was statistically significant (p = 0.03, Fig. 2b).

In multivariate analysis, mHLA-DR and SOFA score
remained in the model, with an aHR of NI of 1.80 (95% CI
0.92–3.53), p = 0.09 for patients with mHLA-DR B30%
compared to[30%. However, when not adjusted on SOFA
score, the model gave a significant aHR of NI of 2.04 (95%
CI 1.07–3.89), p = 0.03.

At D6–9, we were able to measure mHLA-DR
expression in 121 patients (Fig. 1) of whom 35 (29%)
presented with NI. The 35 patients with NI exhibited
lower MFI values at D6–9 than those without NI (49 vs.
67; p = 0.01, Table 1). ROC curve analysis established
that 57 was the best cutoff value to predict NI (AUC 0.64,
p = 0.01, se 66%, sp 60%, PPV 40%, NPV 81%). For
patients with mHLA-DR [57, the probability of devel-
oping NI within the next 28 days was 18.8% (95% CI
10.2–29.3), and for patients with mHLA-DR B57 this
probability was 40.4% (95% CI 27.6–52.8), according to
cumulative incidence curves. This difference was statis-
tically significant (p = 0.008, Fig. 2c). Hazard ratios
adjusted for gender, SAPS II and SOFA scores, intuba-
tion, and central venous catheterization revealed that low
mHLA-DR (B57) at D6–9 was independently associated
with a higher incidence of NI [aHR 2.18 (95% CI
1.04–4.59); p = 0.04].

Table 1 Baseline characteristics of 153 septic shock patients classified by development or not of nosocomial infection

Variable Total
(n = 153)

Patients
with NI (n = 37)

Patients
without NI (n = 116)

P value

Baseline descriptors
Gender (male) 99 (64.7) 23 (62.2) 76 (65.5) 0.7
Age (years) 64.9 (49.0–75.5) 63.3 (52.0–73.8) 65.4 (47.8–75.8) 0.9

Septic shock characteristics
SAPS II score at onset of septic shock 51.0 (41.5–62.0) 54.0 (46.5–65.5) 49.0 (39.0–61.0) 0.04
SOFA score at days 1–2 after onset of shock 10 (8–12) 11 (9.5–12) 9 (8–12) 0.04

mHLA-DR measurements (% of positive monocytes)
Days 3–4 37.6 (20.2–52.7) 26.6 (15.8–44.3) 39.5 (23.7–54.6) 0.01
Days 6–9 45.3 (26.7–61.0) 34.5 (23.3–58.2) 49.9 (30.3–61.2) 0.04

mHLA-DR measurements (means of fluorescence intensities)
Days 3–4 59.0 (30.1–89.8) 39.0 (27.0–61.9) 65.3 (34.5–93.9) 0.008
Days 6–9 60.0 (35.8–105.0) 49.3 (28.0–72.0) 67.3 (42.2–111.3) 0.01

Interventions
Intubation 133 (86.9) 36 (97.3) 97 (83.6) 0.04
Duration of mechanical ventilation (days) 10.0 (5.0–16.3) 12.0 (7.0–20.5) 9.0 (4.5–15.5) 0.06
Central venous catheterization 149 (97.4) 37 (100) 112 (96.6) 0.6
Duration of central venous catheterization (days) 12.0 (8.0–21.0) 21.0 (15.0–28.5) 10.0 (6.0–16.8) \0.001
Urinary tract catheterization 142 (92.8) 35 (94.6) 107 (92.2) 0.9
Duration of urinary tract catheterization (days) 11.0 (6.0–20.0) 19.0 (10.0–27.0) 10.0 (6.0–16.0) 0.001

Outcomes
Length of hospital stay after septic shock onset (days) 29.0 (14.5–35.0) 29.0 (24.5–51.0) 29.0 (12.3–30.0) 0.07
Length of ICU stay after septic shock onset (days) 13.0 (8.0–26.0) 27.0 (16.5–39.0) 11.0 (6.3–19.0) \0.001
ICU death rate within 28 days of septic shock onset 33.3% 37.8% 31.9% 0.5
ICU crude death rate 37.9% 54.1% 32.8% 0.02
Hospital crude death rate 45.8% 59.5% 41.4% 0.06

Characteristics are described as frequencies and percentages (%)
for categorical data and medians and interquartile ranges (IQR) for
continuous variables. Groups were compared by Pearson’s v2 test
or Fisher’s exact test as appropriate and the Mann–Whitney U test
for categorical and continuous variables, respectively. Bold values
for p \ 0.05

NI nosocomial infections, SAPS II simplified acute physiology
score II, SOFA sepsis-related organ failure assessment, mHLA-DR
monocyte human leukocyte antigen-DR, ICU intensive care unit
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The difference between groups was also significant
when results were expressed as percentages. The 35
patients who were going to develop an NI exhibited lower
mHLA-DR values than those without NI (34 vs. 50%;
p = 0.04, Table 1). ROC curve analysis disclosed that
40% was the best cutoff value to predict NI (AUC 0.62,
p = 0.03, se 60%, sp 69%, PPV 44%, NPV 81%). For
patients with mHLA-DR [40, the probability of devel-
oping an NI within the next 28 days was 19.2% (95% CI
11.1–29.0), and for patients with mHLA-DR B40 this
probability was 43.8% (95% CI 29.4–57.2), according to
cumulative incidence curves. This difference was statis-
tically significant (p = 0.003, Fig. 2d). Hazard ratios
adjusted for gender, SAPS II and SOFA scores, intuba-
tion, and central venous catheterization revealed that low
mHLA-DR (B40%) at D6–9 was independently associ-
ated with a higher incidence of NI [aHR 2.44 (95% CI
1.23–4.87); p = 0.01].

There were no differences in mHLA-DR values
between the patients who developed only one NI and the

patients who developed more than one NI (data not
shown).

Discussion

Septic syndromes represent a major, albeit largely under-
recognized healthcare problem worldwide characterized
by persistently high mortality and increased NI rates. It is
now agreed that sepsis deeply perturbs immune homeo-
stasis by inducing severe, delayed immune alterations
which are thought to play a major role in the impaired
clearance of microorganisms. Together with high exposure
to invasive devices [23], these alterations could explain
patients’ decreased resistance to secondary NI [2, 24, 25].

Decreased mHLA-DR expression has been proposed as
a biomarker of monocyte deactivation/immunosuppression
in ICU patients. This is supported by functional studies
demonstrating a link between low levels of mHLA-DR
and impairment of monocytic cellular functions, including
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loss of their pro-inflammatory properties and reduction of
their capacity to induce antigen-specific T-cell responses
[26–29]. Previous studies measuring mHLA-DR in ICU
patients reported its association with fatal outcome.
However, evaluation of mHLA-DR in regard to the
development of NI in septic shock patients has never been
performed.

In this context, the main result of the present study is
to show that septic shock patients with reduced mHLA-
DR were more prone to develop NI, while patients free of
NI had significantly higher mHLA-DR suggesting a better
immune recovery. Importantly, after adjustment for the
usual clinical confounders, mHLA-DR remained an
independent predictor of NI development.

Our results are in line with data obtained in others
types of ICU patients such as trauma [13], surgery [14],
pancreatitis [30], and burns [15]. However, these inves-
tigations were limited by the very low number of patients
included and the lack of standardization in both NI defi-
nitions and flow cytometry protocols. For example, in a
work focused on the role of corticosteroids in lowering
mHLA-DR during sepsis in 30 patients with septic shock
or sepsis, Le Tulzo et al. [31] observed that six patients
who developed NI exhibited a persistent loss of mHLA-
DR expression, whereas 24 subjects free from NI had
partially restored mHLA-DR expression at days 5–7. The
only study which adopted a multivariate model for sta-
tistical analysis was performed in pediatric cardiac ICUs:
Allen et al. [32] reported that low mHLA-DR remained an
independent predictor of sepsis development after
adjustment for age, gender, complexity of surgery,
physiological state on arrival at the ICU, and surgeon.
Although obtained in a different population, the results of
Allen et al. are very close to ours. Accordingly, Grienay
et al. reported that, in ICU patients with a length of stay
[7 days, a lower slope of mHLA-DR recovery was
associated with a higher incidence of the secondary
infection [33]. Together these data suggest that the
development of a state of immunosuppression and most
importantly its persistence over time are to be considered
as an important risk factor for the occurrence of second-
ary NI in ICU patients besides the usual risk factors (i.e.,
mainly exposure to invasive devices).

In that sense, mHLA-DR measurement may also be
useful for patient stratification in clinical trials attempting
to restore immune functions in ICU patients [34, 35].
Patients with low mHLA-DR should be considered as
immunosuppressed, comparable to transplantation or
post-chemotherapy patients, and thus they could benefit
from a focused strategy aimed at dampening infectious
risk: intensive screening of infections, limitation as much
as possible of other risk factors (catheters, invasive
devices), or strict precautions to limit cross transmission.
As an illustrative example, a recent work showed that
mHLA-DR-guided GM-CSF therapy in sepsis is safe and
effective for restoring monocytic immunocompetence.

Use of GM-CSF may shorten the time of mechanical
ventilation and hospital/ICU stay [36].

Our study has some limitations. Firstly, although NI
was diagnosed by two investigators (especially to elimi-
nate extension or relapse of the initial septic episode), we
cannot totally exclude the possibility that if septic shock
had not been documented by pathogen isolation, the NI
was a new and different infectious episode. That given,
this could not account for a large number of misclassifi-
cations, since 80% of septic shock cases were confirmed
microbiologically. Secondly, the selected NI presented
various levels of severity (e.g., UTI) but were all micro-
biologically and most importantly clinically documented.
These device-associated NI (except BSI), collected before
post-ICU discharge, were a measure of infectious risk in
ICU. Thirdly, although multivariate analysis took into
account gender, severity at admission, and exposure to
invasive devices—a major risk factor of NI—some other
potential risk factors known to be related to NI, such as
cross transmission, the ratio of nurses to patients, and
level of compliance with standard precautions could not
be considered in the present work. Finally, despite the fact
that the study involved two ICUs with a very different
case mix, the reproducibility of these cutoff values should
be validated prospectively in a multicenter trial to
strengthen the data. Of note, these values should be now
standardized and expressed by number of antibodies
bound per cell instead of MFI since the latter do not allow
comparison between centers [37].

In conclusion, our findings demonstrate that after
septic shock, low mHLA-DR expression was a significant
predictor of NI risk in the initial phase (D3–4) of septic
shock as well as later (D6–9). Most importantly, after
adjustment for the usual clinical confounders (including
ventilation and central venous catheterization), mHLA-
DR remained an independent predictor of NI development.
This may help to identify patients at increased risk of NI in
whom specific preventive strategies could be developed.
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