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Abstract

Purpose The objective of this study was to measure plasma
cytokine levels and blood neutrophil functions as well as
clinical outcomes in hospitalized patients with community-
acquired pneumonia (CAP) treated with or without macro-
lide use—a known modulator of inflammatory response.
Methods Subjects with CAP had peripheral blood ana-
lyzed for some neutrophil functions (degranulation of
secretory vesicles and specific granules, respiratory burst
response and phagocytosis) and ten cytokine levels mea-
sured in serum and sputum supernatants. Neutrophil func-
tion in healthy volunteers was also measured for reference.
Values were measured on the day of enrollment, days 2—4
and 5-7, depending on a patient’s length of stay. Early and
late clinical outcomes were also evaluated. All values were
compared between those treated with or without a
macrolide.
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Results A total of 40 subjects were in this study; 14
received macrolide treatment, and 26 did not. Neutrophil
function in the macrolide group was not significantly dif-
ferent compared to the non-macrolide group. None of the
median cytokine levels or IQRs were statistically signifi-
cant between the groups. However, a trend toward
decreased IL-6, IL-8, and IFN-y levels, and favorable
clinical outcomes were present in the macrolide group.
Conclusions This pilot study showed no statistical dif-
ference between cytokine levels or neutrophil activity for
CAP patients prescribed a macrolide containing regimen.
Considering the trend of lower cytokine levels in the
macrolide group when comparing the 5- to 7-day time
period with the non-macrolide group, a full study with an
appropriate sample size may be warranted.

Keywords Anti-inflammatory cytokines - Community-
acquired pneumonia - Mortality - Neutrophil function - Pro-
inflammatory cytokines

Introduction

Community-acquired pneumonia (CAP) has been one of
the top ten causes of death in the US over the last 60 years
despite the widespread use of antimicrobials [1]. Recom-
mended treatment by the Infectious Diseases Society of
America/American Thoracic Society is either a B-lactam
plus a macrolide or a respiratory quinolone [2]. Whether
one regimen should be recommended over the other is
unknown as both cover Streptococcus pneumoniae and
atypical pathogens, such as Legionella pneumophila, but
only macrolides have been reported to have modulatory
effects on host inflammation and immunity, including the
ability to (1) suppress production of pro-inflammatory
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cytokines [3], (2) to interfere with the attachment of
pneumococci from respiratory epithelial cells [4], and (3)
to favor apoptosis over necrosis in the presence of neu-
trophils [5]. However, it is unclear whether macrolides
affect neutrophil function and cytokine levels in patients
with CAP.

To establish a clinical link with immunomodulation,
immune function needs measured in patients whose clinical
outcomes are also being recorded. This has never been
coordinated previously. With this in mind, we performed
this pilot study with the objective to characterize the
immune function (neutrophil function and cytokine levels)
as well as the clinical outcomes for hospitalized patients
with CAP treated with or without a macrolide.

Methods

Study Design, Participant Recruitment, and Sample
Collection

This was a prospective study by members of the Com-
munity-Acquired Pneumonia Inflammatory Study Group
(CAPISG) at the University of Louisville Hospital and the
Robley Rex Veterans Affairs Medical Center in Louisville,
KY from February 14, 2011 until April 14, 2012. Informed
consent was obtained from all individual participants
included in this study. Institutional review board approval
was obtained from each institution (IRB #07.0182, IRB
#0009, respectively). Patients with CAP were consented to
have their blood drawn for neutrophil function and cyto-
kine levels, and then were observed on antimicrobial
treatment prescribed by their admitting physician. Patients
were identified by screening the respective emergency
department admission logs for patients with CAP. Once a
patient was consented (within 48 h of admission), blood
was obtained on day one. Their blood was collected zero to
two more times during the first week while they were in
hospital depending on their length of stay. The blood was
transported to the lab within an hour for analysis of neu-
trophil function. Another portion was centrifuged and fro-
zen for subsequent batched cytokine measurement.

Clinical data were collected by chart review including
demographic information, pneumonia severity index,
comorbidities, nursing home status, and influenza and
pneumococcal vaccination history. Basic laboratory values
were collected, including C-reactive protein and procalci-
tonin, as well as treatment information.

Outcomes

Two types of mortality were recorded: in-hospital mortality
and 30-day mortality. Rehospitalization was defined within
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30 days. Length of stay (LOS) was defined as the number
of days spent in the hospital including the day of admis-
sion. Time to clinical stability was defined as the number of
days to fulfill all four of the following criteria: afebrile for
at least 8 h, having a normal leukocyte count (4.1-10.8
cells x 1000/mL%) or a decreased leukocyte count com-
pared to the previous day by at least 10 %, maintaining oral
toleration, and being clinically improved per the managing
physician. Early time to clinical stability was considered to
be less than 3 days.

Neutrophil Assays

Neutrophil function/activation was determined in whole
blood by measuring basal secretory vesicle (CD35) and
specific granule (CD66b) exocytosis by flow cytometry as
described [6]. Briefly, whole blood samples from subjects
with CAP or from healthy donors were incubated with phy-
coerythrin-conjugated monoclonal anti-CD35 (Pharmingen,
SanDiego, CA) or fluorescein isothiocyanate-conjugated
monoclonal anti-CD66b (Accurate Chemical, Westubury,
NY). Following antibody treatment, the red blood cells were
lysed (BD red cell lysis buffer; Becton, Dickinson and Com-
pany (BD), Franklin Lakes, NJ), washed with phosphate-
buffered saline solution containing 0.05 % sodium azide, and
fixed with 1 % paraformaldehyde and analyzed by flow
cytometry (FACSCalibur instrument; BD, Franklin Lakes,
NJ) [6, 7]. In addition, neutrophil phagocytosis and phago-
cytosis-stimulated respiratory burst activity were measured as
previously described [8]. For analysis purposes, blood sam-
ples taken at days two through four were grouped as 24, and
for patients with a longer hospitalization of 5-7 days, blood
samples were collected and grouped as 5-7. In order to
compare results of the neutrophil functional assays from CAP
patients with those of healthy individuals, blood samples were
also obtained from a control group (n = 12) of healthy adult
donors (approved by the University of Louisville IRB
#191.06).

Cytokine and Chemokine Analysis

A total of ten cytokines were measured in plasma samples
obtained from each patient on the day of enrollment and for
some on subsequent days. The pro-inflammatory cytokines
evaluated were IL-1f, IL-6, IL-8, IL-12p40, IL-17, indu-
cible protein (IP)-10, TNF-a, and IFN-y. The anti-inflam-
matory cytokines evaluated were IL-10 and IL-Ira.
Cytokine levels were measured in plasma and sputum
using a Milliplex kit (Millipore, Billerica, MA) as descri-
bed previously [9].

Sputum samples were collected from a total of 15
patients (seven treated with macrolide, eight with non-
macrolides) on the day of hospital admission. Patients
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were instructed to rinse their mouth with water and col-
lect any spontaneously produced sputum into a 50-mL
sterile disposable polypropylene centrifuge tube. The
sample was kept at 4 °C and transported to the laboratory
within 2 h of collection. Upon receipt, sputum samples
were weighed and incubated with four times volume of
0.1 % dithiothreitol solution in phosphate-buffered saline,
aspirated, and dispensed several times using a disposable
pipette and agitated in a vortex followed by being incu-
bated in a rocking platform for 15 min at 37 °C with
aspiration every 5 min for homogenization of the mucus.

The samples were then filtered through a 48-pm of mesh
or cheese cloth into a pre-weighed conical tube, followed
by centrifugation at 790 gravity for 10 min at room
temperature, and the cell-free supernatants were then
aliquoted and stored frozen at —80 °C until used for the
measurement of cytokine levels.

Statistics

Comparison of clinical outcomes between subjects in the
macrolide group and the non-macrolide group was

Table 1 Demographic data including comorbidities, vaccination status, and severity of disease among patients admitted for community-
acquired pneumonia treated with or without a macrolide antimicrobial regimen

Variable Macrolide therapy Non-macrolide therapy P value
n=14 n =26
No. (%)* No. (%)*
Demographics
Male gender 12 (86) 22 (85) 1
Age, median (IQR) 52 (15.5) 60 (20.2) 0.178
Age > 65 4 (29) 8 (31) 1
Nursing home resident 0 (0) 2(8) 0.533
Past medical history
Neoplastic diseases 1(8) 3 (12) 1
Hepatic diseases 0 (0) 2 (8) 0.544
CHF 4 (31) 9 (35) 1
Cerebrovascular diseases 1(8) 5(19) 0.643
Acute renal diseases 1(8) 2 (8) 1
Chronic renal diseases 3 (23) 2 (8) 0.31
Diabetes mellitus 4 (31) 8 (31) 1
Hyperlipidemia 4 (29) 11 (42) 0.502
Tobacco use 6 (43) 10 (38) 1
COPD 3(23) 11 (42) 0.304
HIV 2 (14) 14 0.276
Previous vaccination
Influenza vaccine 5 (36) 5(19) 0.278
Pneumococcal vaccine 6 (43) 7 (27) 0.48
Vital signs
Median (IQR) respiratory rate >30/min 21 (7) 22 (5) 0.235
Median (IQR) systolic blood pressure <90 mmHg 138 (61) 123 (34) 0.6
Median (IQR) temperature (oral) <35 or >40 °C 99.2 (1.3) 99.2 (2.1) 0.787
Median (IQR) heart rate >125 beats/min 95 (25) 104.5 (19) 0.67
Clinical findings
Alter mental status 2 (14) 14 0.276
ICU admission 4 (29) 9 (35) 1
Mean PSI, risk class 74, 111 (39) 104, IV (56) 0.089
PSI risk class >4 5 (36) 17 (65) 0.101
S. pneumoniae 3(21) 6 (23) 1

IQR interquartile range; CHF congestive heart failure; COPD chronic obstructive pulmonary disease; H/V human immunodeficiency virus; PSI
pneumonia severity index

4 Unless otherwise stated parenthetical value is a proportion
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Table 2 Median laboratory

values as well as radiological Variable HMT:rlozl‘ide therapy g(il—;réacrolide therapy P value

s o e i No.tam No.tam

pr}eumonia treatgd with or Laboratory

without a macrolide .

antimicrobial regimen Arterial pH <7.35 7.4 (0.1) 7.4 (0.1) 0.83
BUN (mg/dL) 15 (15) 18.5 (15) 0.496
Sodium (mEgq/L) 137 (5) 137.5 (5) 0.754
Glucose (mg/dL) 115 (45) 112 (43) 0.523
Hematocrit (%) 358 (9) 38.6 (5) 0.251
Arterial PaO, <60 mmHg 68 (15) 65.5 (11) 0.56
WBC x 10%/uL 9.1 (6) 13.1 (5) 0.133
Neutrophils (%) 81.3 (16) 79.3 (11) 0.455
Platelets x 103/uL 224 (85) 221.5 (63) 0.734
Albumin (g/dL) 3.6 (0.9) 3.7 (0.6) 0.877
BNP (pg/mL) 107.5 (256) 328 (843) 0.188
CRP (mg/L) 60 (84) 12.6 (92) 0.513
Procalcitonin (pg/L) 0.1 (0.1) 0.3 (7) 0.092

Radiological

Pleural effusion 0 (0 %) 12 (46 %) 0.003

BNP brain natriuretic peptide, BUN blood urea nitrogen, CRP C-reactive protein, /QR interquartile range,

WBC white blood cells

performed using Fisher’s Exact test for categorical data,
and Mann—Whitney U test for continuous data. A P value of
<0.05 was considered significant. Analyses were per-
formed for the following time periods: enrollment day,
days 2—4, and days 5-7. Median values with interquartile
ranges (IQR) were also performed for the two groups for
the latter time period: days 5-7.

Results

Among a total of 40 patients, 14 were treated with a
macrolide (azithromycin in all cases), while 26 were not.
Mean ages were similar between the two groups (52 vs.
60 years; P = 0.178). Demographic data are compared in
Table 1, which show no statistically significant differences.
Other relevant values are in Table 2. None of the com-
parisons were statistically significant except that a higher
proportion of patients who received a non-macrolide
treatment had a pleural effusion (zero vs. 12 (46 %);
P = 0.003). Nine patients had S. pneumoniae identified.
Three of those patients were treated with a macrolide.
Among those three cases, one isolate was sensitive to
azithromycin, and two had been diagnosed based on a
positive S. pneumoniae urinary antigen, and therefore, no
antimicrobial sensitivity analysis data were performed. The
remaining six patients with S. pneumoniae were in the non-
macrolide group. Two isolates were intermediately sensi-
tive to azithromycin, one was resistant, and three were
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diagnosed based on a positive S. pneumoniae urinary
antigen.

At admission day, exocytosis of secretory vesicles
(CD35 expression) and specific granules (CD66b expres-
sion) were significantly higher than the control group for
all subjects with CAP, irrespective of the antibiotic treat-
ment. Both phagocytosis and respiratory burst activity were
also significantly higher in the CAP group compared to
control group. Overall, in vitro assays performed with
circulating neutrophils from patients diagnosed with CAP
showed enhanced neutrophil degranulation, phagocytosis,
and respiratory burst activity (Fig. 1). However, no statis-
tical differences were observed for any neutrophil function
between the macrolide and non-macrolide groups in the
pilot study.

The plasma levels of pro- and anti-inflammatory
cytokines of each group over three time periods are shown
in Fig. 2. Although, there were again no statistical differ-
ences between groups for cytokine levels or between the
median values and the IQR, four cytokines trended lower in
the macrolide group for IFN-vy, IL-6, IL-8, and IL-12p40
when comparing the later time period, 5-7 days, to the
non-macrolide group. Figure 3 shows cytokine values from
sputum. All values were similar between macrolide and
non-macrolide groups, but no control values were
available.

Clinical outcomes were compared for each group
(Table 3). Three patients in the non-macrolide group died
during their hospitalization (P = 0.539), one of whom a
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month after being admitted. The difference of three deaths
to zero was not significant in the present study.

Discussion

This is the first CAP study known to the authors designed
to assess the effects of macrolide treatment on two innate
immunity components and to evaluate the clinical out-
comes in the same patients. In our study, the time to
clinical stability, length of stay, and mortality approached
significant improvement in the macrolide group, as was
expected since large observational studies evaluating
clinical outcomes alone (without innate immunity analysis)
found improved clinical outcomes in patients who received
macrolide therapy [10-12]. In the macrolide arm of the
present study, there were no deaths, LOS was shorter by
2 days, and time to clinical stability was shorter by a half
day. In terms of potential responsible mechanisms, the
levels of several cytokines (IL-6, IL-8, and IFN-y) in the
macrolide group approached significantly lower levels.
Although the present study was not powered for significant
differences, our results are consistent with evidence that
favor the macrolide group over the non-macrolide group
and warrant a larger study focusing on cytokines and
clinical outcomes.
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The modulatory effects of macrolides on innate immu-
nity cytokines have been investigated by a number of
studies, both experimental animals and humans with
varying results [3, 4, 13-16]. Several studies have shown a
benefit in clinical outcomes in patients with CAP who
received a macrolide [11, 17, 18]. Furthermore, there is
evidence to support the notion that macrolide
immunomodulation alone treats CAP in patients [17]. In
patients with severe CAP, 90-day mortality was signifi-
cantly better in patients who received initial treatment with
a macrolide [12 vs. 34 %; hazard ratio (HR) of 0.3; 95 %
confidence interval (CI) 0.2-0.6; P = 0.001], even in those
patients who were infected with a pathogen resistant to a
macrolide [12, 19].

The major implication of knowing what the mechanism
of macrolide immunomodulation is, is to determine if it
enhances antimicrobial activity or not. If a benefit is
attributable to immunomodulatory effects, then it would
justify using a macrolide preferentially over a fluoro-
quinolone, despite the resistance pattern. Such a finding
would justify changing the IDSA/ATS guidelines for
CAP.

The present study was strengthened by the diagnosis of
CAP being supported by an increased neutrophil function
in the blood compared to controls and by the cytokine
levels in the sputum. The innate immunity components of
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Fig. 2 Serum cytokine levels measured among two groups of subjects with community-acquired pneumonia: those treated with a macrolide
(M) or a non-macrolide (NM) containing regimen. Values were taken over three time periods: admission, days 2—4, and days 5-7
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Fig. 3 Sputum cytokine concentrations measured among two groups of subjects with community-acquired pneumonia: those treated with a

macrolide (M) or a non-macrolide (NM) containing regimen. Dots represent outlying patients

patients were also linked to their clinical outcomes, which
has not been done in human studies until now. As this is a

pilot

study, generalizability was

limited. Although

cytokines were evaluated in both serum and sputum spec-
imens, neutrophil function was only evaluated from cir-

culating neutrophils.
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Table 3 Clinical outcomes for
patients admitted for
community-acquired
pneumonia treated with or

without a macrolide containing
antimicrobial regimen

Variable Macrolide therapy Non-macrolide therapy P value
n=14 n =26
No. (%) No. (%)
TCS (days)* 2(1) 2.5@3) 0.336
Early TCS® 11 (79) 15 (58) 0.299
LOS (days)® 3503) 55(5) 0.501
In-hospital mortality 0 (0) 3(12) 0.539
30-Day mortality® 0 (0) 2 (10) 0.508
30-Day rehospitalization 1(7) 2 (8) 1

TCS time to clinical stability; LOS length of stay

# Median with interquartile range

 Defined as <3 days

¢ Total number equaled 19 due to missing data

In conclusion, patients treated with a macrolide had four
cytokines trend lower, and had more favorable outcomes
compared to patients treated with a non-macrolide. The
present study indicates that future studies may reveal a
statistically significant difference.
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